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COATING COMPOSITION HAVING GOOD
CORROSION AND OXIDATION RESISTANCE

Field of the Invention

The invention relates to an improved class of
coatings suitable for operating in high temperature
oxidizing environments in which said coatings comprise
an alloy, such as NiCrAlYTa, or NiCrAlYPt preferably
mixed with an oxide dispersion such as alumina or any
combination thereof.

Background of the Invention

There are many good oxidation and corrosion
resistant coatings used in industry for various
applications and for use in various environments.
Articles composed of iron-, cobalt-, or nickel-based
superalloys have been developed for use in
applications, such as aerospace applications, and for
use as blades, vanes, seals and other components
utilized inzéas turbine engines. In these
applications, it is important that the articles have
sufficient protection against undue oxidation and
sulphidation since such corrosion can affect the useful
life of the article resulting in reduced performance
and possible safety problems. Although various
superalloys have a high degree of corrosion resistance
such resistance decreases when the superalloys are
operated in or exposed to high temperature
environments.

To increase the useful_life of components made of

alloys and superalloys, various coatings have been

developed. Aluminide coatings were initially used to
provide a corrosion resistant outer layer but such
layer was observed to crack when subjected to
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The invention relates to an inproved class of coatings suitable for
operating in high tenperature oxidizing environnents in which said coatings:
cofrprise an alloy, such as NiCrAl YTa, or NiCrAl YPt preferably m xed with an -

oxi de di spersion such as alum na or any conbi nati on thereof.
There are many good oxi dati on and corrosion resistant
use in various

of the Invention
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coatings where M represents a transition metal element
such as iron, cobalt or nickel. The coatings have been
found to be more effective than the aluminide coatings
in extending the useful life of alloy components in
high temperature environments.

Modern gas turbine engines operate in a high
temperature environment in excess of 2000°F in which
hot gases are expanded across rows of turbine blades.
These turbine blades are typically nickel base alloys
chosen for excellent high temperature creep and thermal
fatigue resistance. In general, the design of the
blade alloy sacrifices resistance to oxidation and hot
corrosion in order to achieve the optimized mechanical
properties. Therefore, the blade is coated with a thin
layer of material designed to provide only high
resistance to oxidation or hot corrosion, with little
regard to mechanical properties of the coating. This
thin coating, typically 3 to 8 mils thick, is generally
applied by argon shrouded plasma spraying, plasma
spraying in a vacuum chamber, or by physical vapour

" deposition methods.
25 °

In the field of gas turbine engines, designers
continually look toward raising the'operating
temperature of the engine to increase efficiency. 1In
turn, higher temperatures act to reduce the life of the
current coatings on the turbine blades and vanes.
Components of a gas turbine engine can also be
subjected to hot corrosion. This can occur when there
is salt ingested into the engine via the intake air, or
when the fuel has even low levels of sulphur
concentration, or both. The attack of bare blades or
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utilizZed in gas turbine engines. In these applications, it is inportant
that the articles have sufficient protection against undue oxidation and
sul fidation since such corrosion can affect the useful life of the article
resulting in reduced performnce and possi ble safety problens. Although
various superal |l oys have a high degree of corrosion resistance, such
resistance decreases when the supeyalloys are operated in or exposed to

hi gh tenperature environnents. To increase the useful life of
conponents &@df eloatinyss o biadey féalrmb% cwpfd)aiﬂ nwst have been
devel oped. Al uni nide coatings were |n|t|a used t C£OV|de a grr05|on
resi stant ofPEFosdpl, phexrs &he gpdp ésrqaetd ubj ect ed
to compounds on the surface that are able to dissolve the
otherwise protective oxide scale on the substrate.
5 This hot corrosion mechanism is most aggressive when

the blade temperature falls between the temperatures
where the complex salt-sulphate compounds melt and the
temperature where the compounds evaporate. In the
intermediate temperature range a liquid film of the

10 corrodant can exist on the surface of the substrate and
be very deleterious. Even in engines that generally
run at high temperatures, above the evaporation
temperature of such liquid corrodants, there may be
conditions where the components pass through the lower

15 temperature regime, such as during reduced power
operation or at idle waiting for take-off in an aero
engine. If the corrodants are present in the air or
fuel, they can enhance the rate of attack during these
periods.

20 In operation, the turbine blade experiences a
range of temperatures as the power demand is raised or
lowered. The blade also experiences a range of axial
stresses as the rotation speed of the blade is
increased or decreased. Of course, both the

25 temperature change and the stress change happen
concurrently to the rotating blade. One mode is when
temperature and tensile stress both increase together
as the demand for power is increased, and they both
decrease together as power is reduced. If the blade

30 temperature were plotted on the abscissa and the stress
on the ordinate of an x-y graph, the above mode would
look like a single upward sloping line in the positive
stress and temperature quadrant. It is possible when
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mechani cally or thernmally induced strain. Another class of coati ngs
devel oped was the MCrAl'Y overl ay
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temperature changes quickly or the surface of the blade
is heated or cooled faster than the core of the blade,
that the graph of the total power cycle is not the same
simple curve for heating and cooling. Rather the
heating and cooling legs of the stress-temperature

graph may be different, and the total cycle looks like
an open loop. This is an indication of hysteresis in
the system between stress and temperature.

If now a thin coating is applied to the blade
surface, and the coating has a different thermal
expansion rate than the blade alloy, the situation
becomes more complicated. One can envision separate
stress-temperature graphs for the coating and the blade
alloy for the same power cycle. In many cases, the
thermal expansion rate of MCraAlY coatings is'greater
than that of typical nickel base blade alloys.
Considering the stress-temperature graph of the
coating, there would be two contributions to its stress
state. One would be the radial tensile stress due to
increasing the rotational speed of the blade. The
stress in the coating would be the same as in the
underlying blade due to this effect. In addition,
since the coating is assumed to expand faster than the
blade alloy, it wants to become longer than the blade
but is well bonded to the substrate so it is
constrained and a compressive stress develops in the
coating. The total coating stress is the sum of the
two contributions. The heating leg of the coating
graph will thus have less tensile stress than the blade
because of the compression component, so its curve
would increasingly fall below the simple line assumed
for the bare blade. If all the high temperature stress
was able to be stored in the coating, when it
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coatings where Mrepresents a transition nmetal elenent such as iron,

cobalt or nickel. The coatings have been found to be nore effective than

. the- alumnide coatings in extending the useful life of alloy conponents in
hi gh tenperature environnents. Modern gas turbine engines operate in a
hi gh tenperature environnent in excess of 2000[err]F in which hot gases are
expanded across rows of turbine bl.ades. These turbine blades are typically
ni ckel base alloys chosen for excéllent hi gh tenperature creep and thermal

fatigue re #ggligg{:ga gRael I n&@r S|°gkn tHe tééﬁ,:lt%o 23 \110&' éflces

resi st ance on and o) |on in or |eve optim zed
mechani cal packeailpag. thl&eh@ﬂ@riag lleg Kloxddhes aoabing i tHowever n | ayer of

g‘gﬁ f;;?gndqﬁgﬂeﬂ&mw e¥atangd ¥rl WRaketsSAYIE tempudsaliay K hot
comparison to blade alloys, and some of the stress in

5 the coating would be reduced due to annealing or creep.
In that case, when the cooling leg of the cycle occurs,
the coating stress will end up at a lower value at the
final low temperature than what it was at the start.
This is due to the stress relaxation effect of the weak

10 coating at the high temperature. Depending on the
relative contributions of the stress due to blade

A spinning compared to the differential thermal expansion
stress effects, and the number of cycles of heating and
cooling, the coating could become increasingly more in

15 compression. ‘A mechanism such as described here could
be responsible for the observation that some coatings
become buckled and cracked after many cycles.

A further current problem with conventional MCrAlY
coatings on superalloy substrates is interdiffusion of

20 coatihg elements into the substrate and substrate
elements into the coating after long times of high
temperature exposure. The loss of coating aluminium to
the substrate is noticed by an aluminide depletion

' layer in the coating. Certain substrate elements like

; 25 titanium have been found to diffuse through the MCrAlY
coating to the external surface oxide scale and to make
said oxide scale less protective. It would be
desirable to modify current MCrAlY coatings to reduce
this interdiffusion effect.

30 Although MCrAlY has overall been a successful
class of coatings having good oxidation and corrosion
resistance for superalloys, improvements have been made
to the MCraAlY coatings. |
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regargd to mechanical properties of the coating. This thin coating,
typically 3 to 8 mils thick, is generally applied by argon shrouded pl asma
sprayi ng, plasnma spraying in a vacuum chanber, or by physical vapor
deposi ti on met hods. In the field of gas turbine engines, designers
continually look toward raising the operating tenperature of the engine to
I nerease efficiency. In turn, higher tenperatures act to reduce the life of
the current coatings 6n 6t e turbine bl ades and vanes. Conmponents of a gas

t ur bi Thi s can occur when

ngin n.als ected to hot corrosion. -
t here SgSa Fgﬁﬂge&’ed %te’& 5%] e Sigclos@s, thad itheake air, or when the fuel
sl daehohoerbsiehs and swlphidavionivesiiistance’ dPithe The attack of bare

Wfﬁkﬁiprand cobalt-based superalloys is markedly
improved through the use of a coating consisting of
cobalt, chromium, aluminium and an active metal such as
yttrium, particularly at the composition, by weight, of
15-40 percent chromium, 10-25 percent aluminium, .01-5
percent yttrium, balance cobalt. _

U.S. Patent No. 3,754,903 discloses a coating
alloy for the gas turbine engine super-alloys which
consists primérily of nickel, aluminium and a reactive
metal such as yttrium, particularly at the composition,
by weight, 14-30 percent aluminium, 0.01-0.5 percent
reactive metal balance nickel. A preferred embodiment
also includes 15-45 weight percent chromium.

U.S. Patent No. 3,928,026 discloses a highly
ductile coating for the nickel- and cobalt-base
superalloys having long term elevated temperature
oxidation-erosion and sulphidation resistance and
diffusional stability which coating consists
essentially of, by weight, 11-48% Co, 10-40% Cr, 9-15%
Al, 0.1-1.0% reactive metal selected from the group
consisting of yttrium, scandium, thorium, lanthanum and
the other rare elements, balance essentially Ni, the
nickel content being at least about 15%.

U.S. Patent No. 3,993,454 discloses coatings which
are particularly suited for the protection of nickel
and cobalt superalloy articles at elevated
temperatures. The protective nature of the coatings is
due to the formation of an alumina layer on the surface
of the coating which serves to reduce oxidation/
corrosion. The coatings contain aluminium, chromium,
and one metal chosen from the group consisting of
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*3- 'even coatings on blades can be very rapid in hot corrosion, where the
sul phur and salt can formliquid compounds on the surface that are-able to
di ssol ve the otherw se protective oxide scale on the substrate. This hot
corrosion nechanismis nost aggressive when

turbine blades and vanes, has a composition consisting
essentially of chromium, 17-23; aluminium, 10-13;
tantalum plus niobium, 3-8; silicon, 0.1-1.5; hafnium,
0.1-1.5; yttrium, 0-0.8; cobalt, O-trace; and nickel,

5 balance totalling 100 percent. A process for preparing
the coated component is also described.

U.S. Patent No. 4,615,864 disclosed coatings for
iron-, nickel- and cobalt-base superalloys. The
coatings are applied in order to provide good oxidation

10 and/or sulphidation and thermal fatigue resistance for

—~ the substrates to which the coatings are applied. The

~ coatings consist essentially of, by weight, 10 to 50%
chromium, 3 to 15% aluminium, 0.1 to 10% manganese, up
to 8% tantalum, up to 5% tungsten, up to 5% reactive

15 metal from the group consisting of lanthanum, yttrium
and other rare earth elements, up to 5 percent of rare
earth and/or refractory metal oxide particles, up to
12% silicon, up to 10% hafnium, and the balance
selected from the group consisting of.nickel, cobalt

20 and iron, and combinations thereof. Additions of
titanium up to 5% and noble metals such as platinum up
to 15% are also contemplated.

U.S. Patent No. 4,101,713 discloses a coating made
from mechanically alloyed MCrAl with a dispersoid of

25 Al 03, '].‘ho2 or Y203.
It is an object of the present invention to
provide an improved coating having good high '
- temperature oxidation resistance characteristics.
It is another object of the present invention to
30 provide a coating for substrates that are intended to
operate in high temperature oxidizing and sulphidizing
- environments.
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the btade tenperature falls between the tenperatures where the conpl ex

sal t-sul phate conpounds nelt and the tenperature where the conpounds
evaporate. In the internediate tenperature range a liquid filmof the
corrodant can exist on the surface of the substrate and be very

del eterious. Even in engines that generally run at high tenperatures, above
thé evaporation tenperature of suych liquid corrodants, there may be .
conditions where the conponents pass through the | ower tenperature regineg,

such as during medyeedrivtiir UMYerit Wt Xhed isbéntbohi 69 p P?vi?ge off in
an aero engine. If t corrodants are present |n the air or fuel, they can

enhance th2 Fp&ing SURRFA PN txategisthat will, haveaion, the
turbi ne bl tHermajleexparadion matee that APSEIIES B6 that p@!\/efhdenand is

raised or substrates and will have a greater high temperature
5 strength so that it will resist stress relaxation.
It is another object of the present invention to
improve the diffusional stability of the coating toward
nickel and cobalt base substrates.

10 Summary of the Invention

The invention relates to a coating composition
compriéing an alloy of RCfAlR'R" wherein R is at least
one element selected from the group consisting of iron,

_ cobalt and nickel, R' is at least one element selected
15 from the group consisting of yttrium and hafnium and R"
is at least one element selected from the group
consisting of tantalum, platinum or rhenium and said
alloy mixed with an oxide dispersion such as alumina,
‘thoria, yttria and the rare earth oxides, hafnia and
20 zirconia.

The amount of R, R' and R" in the coating alloy
will depend on the specific composition of the coating
and the environment that the coating will be used in.
For most applications, the following amounts of the

25 components would be suitable.
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|'ogwer'ed. The bl ade al so experiences a range of axial stresses as the
rotation speed of the blade is increased or decreased. O course, both the
temperature change and the stress change happen concurrently to the
rotating blade. One nbde is when tenperature and tensile stress both

I ncrease together as the demand for power is increased, and they both
decrease together as power is I ced. If the blade tenperature were
plotted on the abscissa and the stress on the ordinate of an x-y graph, the
above node woul d | ook l'ike a singleppAgngrd sloping line in the positive
stress and tenperature quadrant. It I s possible when

Elements - weight percent of Composition*
Composition Co Ni Cr Al Y& Ta Pt
NiCrAlYPt -~ Bal. 15-25 7-14 0.1-1 -- 3-6
NiCoCrAlYPt 10-40 Bal. 15-25 7-14 0.1-1 -- 3-6
CoCrAlYPt Bal -- 10-50 4-12 0.1-1 -- 3-6
NiCrAlYTa - 53-75 15-25 7-14 0.1-1 3-8 --
NiCoCrAlYTa | 10-40 Bal 15-25 7-14 0.1-1 3-8 --
CoCrAlYTa 30-83 -- 10-50 4-12 0.1-1 3-8 --
NiCrAlYTaPt -- 47-72 15-25 7-14 0.1-1 3-8 3-6
— NiCoCrAlYPtTa| 10-40 Bal 15-25 7-14 0.1-1 3-8 3-6
~. COCrAlYPtTa 24-80 -~ 10-50 4-12 0.1-1 3-8 3-6

* Bal = balance of weight
**When hafnium is used in place of yttrium or along with

" yttrium, it can be added in an amount between about 0.1 and
2.0 weight percent.

Generally, the coating composition of this
ihvention would have R between 19 and 83 weight percent
of the alloy; Cr between 10 and 50 weight percent of
the alloy; Al between 4 and 14 weight percent of the
alloy; R' between 0.1 and 3 weight percent of the
alloy; and R" between 3 and 14 weight percent of the
alloy. _

The oxide dispersion in the coating mixture can be
added in an amount from 5 to 20 volume percent based on
the volume of the coating mixture, preferably between 8
and 12 volume percent. The preferred oxide dispersion
would be alumina. To prepare the coating mixture, the
alloy should be prepared with the elements in an amount
to provide an alloy composition as shown, for example,

——
Se—



~4- '+ tenperature changes quickly or the surface of the blade is heated
or cooled faster than the core of the blade, that the graph of the total
power cycle is not the sane sinple curve for heating and cool i ng. Rather
the heating and cooling |l egs of the stress-tenperature
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in Table 1. Preferably, the alloy could be made by the
vacuum melt process in which the powder particles are
formed by inert gas atomization. The oxide component
could then be added to the alloy in an appropriate
amount and blended to produce a composite powder by
ball-milling, attritor milling or any other technique.
The preferred powder size would be about 5 to 100
microns, and more preferably between 10 to 44 microns.
The composite powder produced can then be deposited on
a substrate using any thermal spray device. Preferred
thermal spray methods for depositing the coating are
inert gas shrouded plasma spraying, low pressure or
vacuum plasma spraying in chambers, high velocity
oxygen-fuel torch spraying, detonation gun coating or
the like. The most preferred method is inert gas
shrouded plasma spraying. It could also be
advantageous to heat treat the coating using
appropriate times and temperatures to achieve a good
bond for the coating to the substrate and a high
sintered density of the coating, and then to peen the
coating. Some suitable substrates are nickel base
superalloys, nickel base superalloys containing
titanium, cobalt base superalloys, and cobalt base
superalloys containing titanium. Preferably, the
nickel base superalloys would contain more than 50% by
weight nickel and the cobalt base superalloys would
contain more than 50% by weight cobalt. A sample of
specific substrates are shown in Table 2.
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graph may be different, and the total cycle |ooks |ike an open |oop. This
s an indication of hysteresis in the system between stress and

t enper at ur e. If now a thin coating is applied to the bl ade surface,
and the coating has a different thermal expansion rate than the bl ade

all oy, the situation becones nore conplicated. One can envision separate
stiress-tenperature graphs for the coating and the bl ade alloy for the sane
power cycle. In nmany cases, the thermal expansion rate of MCrAlY coatings
is greater than that of typical nickel base blade alloys. Considering the
stress-tenperature graph of the coating, there would be two contri butions

toits stress state. One would be the radial tensile stress due to
i ncreasi ng the rotagiprlal bpeé¢d df tTe Wl ade. The stress in the coating
woul d be the sane as | n the ' '
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underiying bl ade due to this effect. In addition, since the coating is
assuned to expand faster than the blade alloy, it wants to becone | onger
than the bl ade but is well bonded to the substrate so it is constrai ned and
a conpressive stress develops in the coating. The total coating stress is
the sumof the two contributions. The heating | eg of the coating graph wll
t hus have less tensile stress t2€$ t he bl ade because of the conpression -
conponent, so its curve would 1 easingly fall below the sinple line

assuned foﬁR&Eﬁ'ﬁEﬁ%E@ﬁ%¥bﬂ'é§.Lﬁstﬁﬁhﬁgﬁgkte”perature stress was able to

be stored - i
Figure 1. Graph of burner rig cycles to penetrate

single additions of MCraAlY coatings.
Figure 2. Coefficient of thermal expansion for
5 various as-coated samples.
Figure 3. Coefficient of thermal expansion for
various heat treated coating samples.
Figure 4. Tensile yield strength for various
coating samples at 800 °c.
10 Figure 5. Tensile yield strength for various
(%@ coating samples at 1000°C,
Figure 6. Graph of burner rig cycles to penetrate
various coatings.
Figure 7. Graph of burner rig cycles to penetrate
15 various coatings.
Figure 8. Graph of diffusion zone penetration
into CMSX-4 substrate vs. time for several overlay
samples coatings.

20 -EXAMPLE 1
Several different alloys were made in which single

element additions of tantalum or platinum were added to
a melt containing Ni and/or Co plus CrAlY pfior to
argon atomization to powder. The addition of the

25 tantalum or platinum was at the expense of cobalt in
the composition of the alloy. Additional coatings were
made in which an oxide dispersion was added. The alloy
powder was mixed with 0.3 micron diameter alumina and
attrition milled to produce a powder mixture passed

30 through a -325 tyler mesh (44 microns). The various
powder compositions were plasma sprayed to various
thicknesses on various substrates using an argon

35
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‘expér-i enced the cooling leg of the cycle it would trace back along the
heating leg for the coating. However, nost MCrAlY coatings are weak at high
tenperatures in conparison to blade alloys, and sone of the stress in the
coating woul d be reduced due to annealing or creep.

- 13 -
BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1. Graph of burner rig cycles to penetrate
single additions of MCrAlY coatings.
Figure 2. Coefficient of thermal expansion for
5 various as-coated samples.
Figure 3. Coefficient of thermal expansion for
various heat treated coating samples.
Figure 4. Tensile yield strength for various
coating samples at 800°c.
10 Figure 5. Tensile yield strength for various
a0 coating samples at 1ooo°c,
Figure 6. Graph of burner rig cycles to penetrate
various coatings.
Figure 7. Graph of burner rig cycles to penetrate
15 Vvarious coatings.
Figure 8. Graph of diffusion zone penetration
into CMSX-4 substrate vs. time for several overlay
samples coatings.

20 EXAMPLE 1
Several different alloys were made in which single

element additions of tantalum or platinum were added to
a melt containing Ni and/or Co plus CrAlY pfior to
argon atomization to powder. The addition of the

25 tantalum or platinum was at the expense of cobalt in
the composition of the alloy. Additional coatings were
made in which an oxide dispersion was added. The alloy
powder was mixed with 0.3 micron diameter alumina and
attrition milled to produce a powder mixture passed

30 through a -325 tyler mesh (44 microns). The various
powder compositions were plasma sprayed to various
thicknesses on various substrates using an argon

3 5 - .. e
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[n that case, when the cooling leg of the cycle occurs, the coating stress.
will end up at a lower value at the final |ow tenperature than what it was
at -the start. This is due to the stress relaxation effect of the weak
coating at the high tenperature. Depending on the relative contributions of
the stress due to bl ade spinning conpared to the differential thernmnal
expansi on stress effects, and_ygﬁ number of cycles of heating and cooling,
the coating could beconme increasingly nore in conpression. A nechanism such
as describ coul e,r onsli h vation that sone

coati ngs b%fgg?rg&%&c%liggman& °§?’Z‘c k%itquaag'tj‘fé‘%r r?té:n;ell 58’3%%&&450‘ .ﬂ’a% urt her
current preadréoug poewdeny composdit lansAlarec shiowmysimoFahdeerdd | oy substrates
is interdiffusion of coating elenents into the substrate and substrate

el ements into the coating after long tinmes of high

TABLE 3
Volume
percent
of
_ oxide in
Composition Weight percent of element in alloy* mixture
Sample Co Ni Cr Al Y Ta Pt 31203
Sample A
CoNiCrAlY a8 32 22 ' 8 0.5
Sample B
CoNiCrAl¥Ta 35 32 21 8 0.5 3
Sample C
CoNiCrAlYTa 30 a2 21 8 0.5 8
Sample D
CoNi1CrAlYPt 35 32 21 8 0.5 3
Sample E .
CoNiCrAlYPt 32 32 21 B 0.5 6
Sample F
CoCrAlY 74 18 8 0.7
Sample G .
CoCrAlY 74 18 8 0.7 10
Sample H
CoCrAlY 74 18 8 0.7 20
Sample I
NicoCrAlY 15 53 20 11 0.5
Sample J
NiCoCralY 15 53 20 11 0.5 10
Sample K
NiCoCrAlY 15 53 20 11 0.5 20

* Balances of compositions were minor traces of other elements

The various coating compositions were coated on a
substrate of Mar M-002 to a thickness of about 6 mils.
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t enperature exposure. The loss of coating alumnumto the substrate is

noti ced by an al uninide depletion layer in the coating. Certain substrate

el enents like titani um have been found to diffuse through the MCrAl'Y

coating to the external surface oxide scale and to nake said oxi de scale

| ess protective. It would be desirable to nodify current MCrAl'Y coatings to

reduce this interdiffusion effeiﬁ Al t hough MCrAl'Y has overall been a
a

successful class of coatings h

ng good oxidation and corrosion resistance
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following characteristics:

Mass air flow 60 lbs./min

Gas velocity 650 ft/sec.

Fuel Standard aviation kerosene
Sulphur content 0.2 % in fuel

Synthetic salt 0.5 ppm into pre-combustor line
Specimen Temp. 1050°C

Hot time 13 minutes per cycle with 1 minute

cool-down then 1 minute heating for
the next cycle

The data obtained are shown in Fig. 1. As can be
seen for Table 1, Samples B, C D and E increased the
life of the coating by 40 percent or more over Sample
A. Also Samples G and H increased the life of the
coating over 40 percent or more over Sample F, and
Samples J and K increased the life of the coating over
Sample I. In each case, an additive of platinum,
tantalum or oxide to the base Samples A, F and I made
significant improvements to the burner rig life test of
the coating.

The thermal expansion of the samples of Table 3
were measured in a vertical dilatometer constructed of
a tripod support legs and a central pushrod, all made
from the same single crystal of sapphire. The heating
rate was held constant at 5°C/min., while a computer
recorded specimen temperature and length signal from a
linear variable differential transformer (LVDT)
attached to the pushrod. The mean coefficients between
25 and 1050°C are shown in Figure 2. The Samples were
tested in the as-coated condition and as a second set
having been first vacuum heat treated 4 hours at
1080°C. In comparison, typical nickel base superalloys
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:6- - U S. Patent No. 3,676,085 discloses that the oxidation-erosion
and sul fidation resistance of the nickel- and cobalt-based superalloys is
mar kedl y i nproved through the use of a coating consisting of cobalt,
chromium al um num and an active nmetal such as yttrium particularly at the
conposi tion, by weight, of :

..16-

for turbine blades have CTE's to 1050°C of 16.6, 17.0,
-and 16.1 uin./in./C for Mar-M-002, Rene' 80, and Mar-M-
. 200 + Hf, respectively. The as-coated Figure 2 and
heat treated Figure 3 results are only slightly
5 different for most of the coatings, possibly due to
relaxation of residual stress. The Samples A, F and I
coatings have CTE's of about 18 uin./in./C and one of
the object was to reduce this to be closer to the blade
alloys. Adding tantalum does not change the CTE. '
10 However, the platinum addition makes a substantial
reduction in coating CTE after heat treatment. This
would be the normal state of the coating on the turbine
blade. It may be that the heat treatment allows the
formation of a platinum aluminide or some other phase
15 that has low CTE, that reduces the overall CTE of the
coating. This finding was an unexpected benefit of the
platinum addition since up to now its main attribute
has been to improve hot corrosion resistance. Finally
the oxide additions were found to be very effective in
20 reducing CTE. The results show that 10 vol. percent
alumina reduces the CTE from about 18 to 17 uin./in./C,
and 20 vol. percent reduces the CTE to about 15.7
uin./in./cC.
Thick coatings of each of the candidate materials
25 were heat treated, 4 hqurs at 1080°C, ground flat and
machined to a tensile test profile, with reduced strip
width in the gage section. The tensile tests were done
at 800 and 1000°C, using a strain rate of 0.005 to
0.006 in./in./min. up to the 0.2% offset yield stress.
30 These data are shown in Figure 4. Coating Samples A
and F were also included. We found that by adding
tantalum to the CoNiCrAlY (Sample B) the yield strength
at 800°C more than doubled for a 3 wt. percent

35
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15- 40-percent chrom um 10-25 percent aluminum .01-5 percent yttrium

bal ance cobalt. U S. Patent No. 3,754,903 discloses a coating all oy
for the gas turbine engine super-alloys which consists primarily of nickel,
al um num and a reactive netal such as yttrium particularly at the

conposi tion, by weight, 14-30 percent alum num 0.01-0.5 percent reactive
nmet'al bal ance nickel. A preferred enbodi nent al so i ncludes 15-45 wei ght
percent chrom um U S. Pat &fit -No. 3,928,026 discloses a highly ductile

coating for the nickel- and cobalt-base superalloys having |ong term
el evat ed tadtbti@ny cangti mareothanosrdpleddfon anddti fa addidiane and

gafzgalon% éﬁﬁ&b'%}y W@hé Qﬁﬁihﬁﬂ Saaitibiseiseﬁhh?ﬂé/ﬂﬁ by wei ght,
o Co,, 10-40% 0% reactive selected fromthe
'increased the yield strength by a more modest 4
percent. When we added an aluminium oxide dispersion to
5 CoCralY, the yield strength tripled for a 10 vol.
percent addition (Sample G), and increased by a factor
of 5 for a 20 vol. percent addition (Sample H). As
evident from Figure 5, at 1000°C, we found that the
tantalum or platinum additions were no longer
10 contributing to higher yield strength, but. that the
Cfb oxide continued its strengthening role. . For both the
- CoNiCrAlY (Sample A) and the CoCrAlY (Sample F) base
alloys, the increased yield strength was about twice
for a 10 vol. percent addition and about 4 times for a

15 20 vol. percent addition.

group

_ EXAMPLE 2
Sample coating powders were produced as above

except that the compositions were different. The
20 compositions of the various powders are as shown in

Table 4. The object here was to explore multiple

additions and combinations of the Example 1 single

component additions to look for even greater

synergistic improvements in coating properties.

25
30

35
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consi §ting of yttrium scandium thorium |anthanum and the other rare

el enents, bal ance essentially N, the nickel content being at |east about
15% U. S. Patent No. 3,993,454 discl oses coatings which are
particularly suited for the protection of nickel and cobalt superall oy
articles at elevated tenperatures. The protective nature of the coatings is
due to the formation of an alumga | ayer on the surface of the coating

whi ch serves to reduce oxidation/ corrosion. The coatings contain al um num
chrom um and one netal chosen frorPABILE g oup consi sting of

Oxide
additive
Compos- , _ Volume
ition Elements by Weight of Composition percent
Sample of mix-
ture
Co Ni Cr Al Y Ta Pt Al,04
1 40.5 30.7 21.3 7.8 0.3 '
II 32.1 31.0 21.0 7.7 0.6 2.8 4.8
III 38.7 32.4 21.2 6.8 0.6 11.2
Iv 38.2 31.1 21.7 6.3 0.6 3.2 11.4
o v 35.6 32.1 21.2° 6.6 0.4 4.9 11.3
VI 33.0 31.1 21.5 7.2 0.6 2.8 5.0 10.6
VII 74.7 18.6 5.9 0.5 11.5
VIII 64.7 20.2 6.4 0.4 3.1 4.9 11.1

The coating powders shown in Table 4 were coated

on smooth substrates, such that samples could be easily
. removed for free-standing density measurement. The
coating samples were heat treated in vacuum for 4 hours
at 1080°C, then tested for density by the water
immersion method (ASTM B-328).'The theoretical density
is the denéity of the material in a porosity-free
condition. This can be calculated from the composition
by the Hull method (F. C. Hull, "Estimating Alloy
Densities", Metal Progress, Nov. 1969, p. 139) and with
correction for oxide addition for certain coatings of
Table 4. The density results are shown in Table 5.

The fully metallic coatings (I and I1I) were found to
reach a high percentage of their theoretical density,
about 95 to 96 percent. The oxide dispersed coatings
were found to only reach lower densities after heat
treatment, 88 to 90 percent of theoretical.
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and cobalt or
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the coating. U S. patent No. 4,585,481 discloses a simlar coating except

adherence and durability of the protective alumna filmon the surface of
that yttrium and

control | ed percentage of hafniumwhich serves to greatly inprove the

ni cket



haf ni'um are used together along with silicon. U S. Patent No.

3,918, 139 di scloses a nickel, cobalt and nickel-cobalt alloy coating
conposi tion having inproved hot corrosion resistance. In particular, an

i nproved MCrAlY type all oy coating conposition consists essentially of, by
wei ght, approximately 8-30 percent chromum 5-15 percent aluminum up to 1
percent reactive netal selectedgdromthe group consisting of yttrium
scandium thoriumand the other rare earth elenents and 3-12 percent of a

nobl e netal selrget adtf MaRdNs 0RO VY inE Wad mdasuwredrfohodi um the

Do anee DEpABeRakTed!d W I S O e Fhaef R | 2051 g

i n whi ch snderoa ilsaddddd.0.8 Xg.Pat®he résults are shown in Table

5. It was found that the coatings with the oxide and
5 platinum and/or tantalum additive were generally softer
. than the Sample I coating and this effect is believed
to be strongly related to the lower coating densities.
Even so, the three-way addition coating Sample VIII was
found to have significantly higher hardness at high
10 temperature than Sample I. It was found that Sample

‘ VII had about the same hot hardness as Sample I and

- that Sample II was softer'than Sample I even though the
densities of Sample I and Sample II were reasonably
close. The Ta plus Pt addition softened the coating,

15 while the Oxide addition made little change, and vyet,
Ta + Pt + Oxide had a substantial hardening effect.
Thus an unexpected interaction occurred in the three-
way addition that gave a significantly improved hot
hardness result. ,

20 The coatings of Table 4 were deposited on Mar M-
002 pin substrates at nominally 6 mils thickness, heat
treated 4 hours at 1080°C, finished smooth and peened
at 12 N Almen intensity. They were given a cyclic
oxidation test exposure at 1050°C in air, with a 50

25 minute period in the furnace and a 10 minute cooling
period. Separate samples were tested to 100 hours
total, and to 300 hours total. The tested pins were
gold and nickel plated, then mounted in cross section
to measure the width of the aluminide depletion layer

30 beneath the external surface. We consider the
thickness of this depletion to be a measure of the
consumption of coating life, and thus smaller depletion
layers for the same time and temperature exposure is a

35
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4, 943;487 disclosed a NCrAlY or NiCoCrAlY coating to which tantalumis
added. U. S. Patent No. 4,743,514 discloses a coating for protecting the
surfaces of gas turbine conponents such as single crystal turbine bl ades
and vanes; wherein the coating has a conposition (in weight percent)
consisting essentially of chromum 15-35; alum num 8-20; tantalum O0-10;
tant al um pl us ni obi um 0-10; 5i Blcon, 0.1-1.5; hafnium O.1-1.5; yttriium

0L cobald ol 3 yandell choly helance Lkl g Hadsiepy A preferred
shown in Table 5 and demonstrates that after 100 hours,
several coatings have less depletion than Sample I, and
these all contain Ta as one of the additives. We also

5 found that when the additive was the oxide alone, the
depletion thickness increased over Sample I, an effect
which may be due to the lower density. However, when
Ta + Pt is additionally added to the oxide bearing

' coating the depletion is significantly reduced. These .

10 particular data indicate that Ta is the most effective
addition for reduced aluminide depletion in oxidation,
and that it or in combination with Pt, allow the
oxidation resistance of oxide addition coatings to be
restored. This combination will allow oxide additions

15 to be made for other purposes, such as creep
resistance, without sacrificing oxidation resistance.
Considering the overall performance at 100 and 300
hours, the three-way addition of Ta + Pt + Oxide
produced the best results.

20 The coatings of Table 4 were deposited on 7 mm
diameter by 85 mm long bar for burner rig testing. The
coatings were heat treated, finished and peened. 1In
this test, the rig was operated as in Example 1, except
the temperature was increased to 1100°C. The results

25 for cycles to failure are shown in Figure 6. The
Sample I coating was not in this teét, but from Example
1 we see that the oxide-only addition coatings are
better than the Sample I coatings. The data indicate
that the oxide + platinum and the oxide + tantalum +

30 platinum multiple additions to be significantly better.
They had about two to three times greater life in the
burner rig test than the oxide-only additions, which

35
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furbfﬁe bl ades and vanes,

has a conposition consisting essentially of

chromum 17-23; alum num 10-13; tantalum plus niobium 3-8; silicon,
0.1-1.5; hafnium 0.1-1.5; yttrium 0-0.8; cobalt, O-trace; and nickel,

bal ance totalling 100 percent.

IS al so descri bed.
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_22_

would make them significantly better than the no-
addition simpie Sample I coating.

Some of the compositions of Tables 3 and 4 were
deposited on bars and subjected to a burner rig test.
In this case the substrate was single crystal CMSX-4,
an advanced nickel base alloy for high performance
turbine blades. The burner rig test was as described
above, except the injected salt concentration was
reduced to 0.25 ppm. The test was at 1100°C, with 13
minutes in the burner and 1 minute out of flame ,
cooling, as before. It took about 1 minute to come
back to 1100°C when cycled back into the burner. The
results are presented in Figure 7, as the cycles to
failure divided by the coating thickness in mils. This
essentially normalizes out any life difference due to
different coating thickness. The coatings were still
made to nominally 6 mils thickness. It was found that
all coatings containing platinum had about twice the
life as coatings with only tantalum or oxide single
additions. Furthermore, tantalum plus platinum was
slightly better than platinum alone, and tantalum plus
platinum plus oxide was the best of all.

To assess the ability of the new coating
formulations to resist diffusion into the substrate, we
ran long exposure isothermal tests at 1100°¢ in argon,
then measured the interdiffusion zone width in cross
section. We used the same Sample I coating to which we
added the additives. Figure 8 shows the results up to
60 hours. We found that the coatings with the greater
diffusion zone widths contained platinum. The presence
of tantalum alone or the combination of tantalum and
platinum additions reduced interdiffusion. The further
addition of oxide to a platinum bearing coating also

A process for preparing the coated conponent

s
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U S. Patent No. 4,615, 864 disclosed coatings for iron-, nickel- and

- cobal t - base superall oys. The coatings are applied in order to provide good
oxidation and/or sulfidation and thermal fatigue resistance for the
substrates to which the coatings are applied. The coatings consi st
essentially of, by weight, 10 to 50% chromum 3 to 15% alumnum 0.1 to
10% nanganese, up to 8% tantalun?3up to 5% tungsten, up to 5% reactive

nmet al fron1the gro consisting of |anthanum yttriumand other rare earth
el ement s, ;i;%ﬁ#ﬂifﬁu$ ». caThe bestoeoatingcforyradugingxi de

partlcles i%&éﬁhf@@ﬁé&éﬁCﬂﬂmnU@ufOséﬁﬁﬁééfﬂhgnthénghféé payance sel ected
fromthe group consisting of nickel, cobalﬁuﬁ I ron, nd conbi nati ons
t her eof . &&diQiﬂP(ﬂ tpiatdnum Rlyg B3pta, OB4ESHQ¥§ -sufh®as pl ati num

up to 15% ewveralso méﬁvw&ﬁhedis that the tantalum and oxide
5 additions are the most effective components for
reducing interdiffusion.

The data show that tantalum, particularly in
combination with oxide are effective additions for our
purpose of reducing interdiffusion with the substrate.

10 We want to limit the loss of Al and Cr from the coating
to diffusion into the substrate, but we also want to
(?} keep deleterious elements from the substrate from
entering the coating and reducing its protective
nature. To help understand the particular effect of
15 tantalum, we had coatings with and without the tantalum
addition ahalyzed by the electron microprobe after an
oxidation exposure of up to 400 hours at 1050°C. The
substrates were In-100 and Mar M-002. It was
discovered that the tantalum in the coating was
20 reacting with titanium which was trying to diffuse from
the substrate into the coating. Ta-Ti particles would
form, at first in the coating near the substrate, and
later higher up in the coating as time progressed and
o the tantalum was consumed in this reaction. Thus one
" 2s ~role of Ta in improving the oxidation resistance was
thus the trapping of Ti and reducing its migration to
the outer oxide scale on the coating, where it had been
adversely affecting the protective scale. This finding
makes the value of tantalum additions to coatings
30 particularly useful on titanium bearing superalloy
substrates such as IN 100, Mar-M-002, Rene' 80, and on
variants of Mar-M 200 and B-1900.

35
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U.S. «Patent No. 4,101, 713 discl oses a coating made fron1nechan|cally
al  oyed MCrAl Mﬁth a dispersoid of Al[err]Jerr], Therr] or Y[err](err].
It-is an object of the present invention to prOV|de an i nproved coating
havi ng good high tenperature oxidation resistance characteristics. It
I s anot her object of the present invention to provide a coating for
substrates that are intended to 2perate in high tenperature oxidizing and
sul fidi zi ng environnents.

The coatings containing particularly the oxide

additions were found to have reduced densification in a
typical heat treatment (2 to 4 hours at 1080°¢C to
IIOOOC). The lower density obtained in Coating Samples
5 III through VIII as shown in Table 5 are expected to
reduce all mechanical properties comparéd to what they
would be at a higher density, and reduce the oxidation
and corrosion resistance somewhat. The thermal
expansion and Poisson's ratio values would not be
10 expected to be affected. While the properties are
~ still good at the normal heat treated density, further
(?3 improvements are expected at the higher density. Free-
standing pieces of the Sample VI coating (CoNiCrAlY
plus Pt, Ta and Oxide) were made and subjected to heat
15 treatments at higher temperatures. The results showed
that the improvement in density is obtainable if the
newly developed coating is combined with a heat
treatment that is optimized to the coating. It is
expected that the higher density obtained will enhance
20 othef coating properties, such as increasing oxidation
and sulphidation resistance, increasing strain to
failure, increasing yield strength and ultimate tensile
strength, and increase the coatings' resistance to
creep. The thermal expansion coefficient would not be
25 expected to change.

The improved coatings of this invention are also
useful as bondcoats or undercoats in a thermal barrier
coating system. In a thermal barrier, typically there
is a three to ten mil thick bondcoat of a Sample I

30 coating (Table 4), then a ten to twelve mil or more
thick layer of yttria-stabilized zirconia coating. A
blade was coated with a bondcoat using the Sample VI
coating, followed by a 10 ml thick layer of yttria-

35
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9. "

It is another object of this invention to provide a coating

for superalloy substrates that will have a thernmal expansion rate that is
simlar to that of the substrates and will have a greater high tenperature
strength so that it will resist stress rel axation.

_25_
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stabilized zirconia. The same plasma torch was used
for both layers, with just the powders and the
operating conditions changed. The thermal barrier
coated blade was heat treated 2 hours at 1100°C in
vacuum, and the zirconia external surface smoothed in
the vibratory finisher using abrasive alumina media.
The microstructure of the thermal barrier coated blade

showed a well bonded undercoat and oxide layer which is

needed for successful barrier coating.

It is to be understood that modifications and
changes to the preferred embodiment of the invention
herein shown and described can be made without
departing from the spirit and scope of the invention.
For example, a post-coating of aluminium or chromium by
the pack cementation process over the coating of this
invention could result in at least a portion of the

‘aluminium or chromium diffusing into the coating.

Another example is to have a coating of this invention
coated with a top layer of zirconia to produce a good
duplex thermal barrier coating.

This Sheet Has Be
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‘I't i's another object of the present invention to inprove the diffusional

stability of the coating toward nickel and cobalt base substrates.
Summary of the Invention The invention relates to a coating _
conposition conprising an alloy of RCrAIR R' wherein Ris at |east one
el enment selected fromthe group consisting of iron, cobalt and nickel, R
I s"at | east one el enent selecteggfromthe group consisting of yttrium and
haf nium and R' is at |east one elenent selected fromthe group consisting
of tantal gpnAXMsSt i num or rheniumand said alloy m xed with an oxide
di spersion such as alumna, thoria, yttria and the rare earch oxi des,
haf ni a and zirconi a.

1. A coating composition consisting essentially

6f an alloy of RCrAlR'R" wherein R is at least one
element selected from the group consisting of iron,
cobalt and nickel, R' is at least one element selected
from the group consisting of yttrium and hafnium and R"
is at least one element selected from the group
consisting of tantalum, platinum and rhenium, and said -
alloy mixed with an oxide dispersion.

) 2. The coating composition of claim 1 wherein R
is cobalt, nickel, or cobalt and nickel and wherein R’
is yttrium.

3. The coating composition of claim 2 wherein R"
is tantalum.

4. The coating composition of claim 2 wherein R"
is platinumi

5. The coating composition of claim 1 wherein R
is between 19 and 83 weight percent of the alloy; Cr is
between 10 and 50 weight percent of the alloy; Al is
between 4 and 14 weight percent of the alloy; R' is
between 0.1 and 3 weight percent of the alloy; and R"
is between 3 and 14 weight percent of the alloy.

6. The coating composition of claim 1 wherein
the oxide dispersion is selected from the group
consisting of alumina, thoria, yttria and rare_earth'
oxides, hafnia and zirconia.

I IIIIIII Illlll l"ll IIIII ll l"l | | D
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"The 'amount of R, R and R' in the coating alloy will depend on the specific

conp05|t|on of the coating and the environnent that the coating wll be
used in. For nost applications, the follow ng anbunts of the conponents
woul d be suitable. -10 -

...27_

7. The coating composition of claim 6 wherein
the oxide dispersion is between 5 and 20 volume percent
of the coating composition. '

8. The coating composition of claim 7 wherein R'
is yttrium.

9. The coating composition of claim 1 wherein
the alloy is selected from the group consisting of
NiCraAlYPt; NiCoCrAlYPt; CoCrAlYPt; NiCrAlYTa;
NiCoCrAlYTa; CoCrAlYTa; NiCrAlYPtTa, NiCoCrAlYPtTa; and
CoCrAlYPtTa.

10. The coating composition of claim 9 wherein
the alloy is NiCoCrAlYPtTa and the oxide dispersion is
alumina.

11. The coating composition of claim 1 deposited
as a layer on a substrate selected from the group
comprising nickel base superalloys, nickel base
superalloys containing titanium, cobalt base
.superalloys, and cobalt base superalloys containing
titanium.

12. The coating composition of claim 1 deposited
as a layer on a nickel base superalloy substrate and
wherein R is more than 50% by weight nickel based on
the weight of the alloy.

- 13. The coating composition of claim 1 deposited
as a layer on a cobalt base superalloy substrate and
wherein R is more than 50% by weight cobalt based on
the weight of the alloy.

ThlS She
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TABLE 1 El enents - wei ght percent of Conposition*

Conposi tion Co Ni Cr Al Y* * Ta Pt NCA YPt - Bal .
15-25 7-14 0.1-1 - 3-6 N CoCrAl YPt 10-40 Bal. 15-25 7-14 0.1
-1 - 3-6 CoCr Al YPt Bal - 10.50 4-12 0.1-1 - 3-6
Ni CrAl YTa - 53-75 15-25 7-14 0.1-1 3-8 - N CoCrAl YTa  10-40
Bal 15-25 7-14 0.1-1 3-8~ 28 -CoCrAl YTa 30-83 - 10-50 4-12 0.1-1
3-8 - N CAl YTaPt - 47-72 15-25 7-14 0.1-1 3-8 3-6

14. The coating composition of claim 1 deposited

on a substrate selected from the group consisting of
blades and vanes for a gas turbine engine.

15. The coating composition of claim 1 deposited
on a substrate and having a top layer of a zirconium
oxide deposited on said coating composition layer
thereby forming a duplex layer on said substrate.

16. The coating composition of claim 1 deposited
on a substrate and having a top layer of aluminium,
3 chromium or mixture thereof deposited on said coating
| composition layer in which at least a portion of said
aluminium or chromium is diffused into said coating
composition layer.

17. A coating composition comprising an alloy of
RCrAlR'R" wherein R is at least one element selected
from the group consisting of iron, cobalt and nickel,
R' is at least one element selected from the group
‘consisting of yttrium and hafnium and R" is at least
two elements selected from the group consisting of
tantalum, platinum and rhenium.

18. The coating composition of claim 17 wherein R
is between 19 and 83 weight percent of the alloy; Cr is
between 10 and 50 weight percent of the alloy; Al is
between 4 and 14 weight percent of the alloy; R' is
between 0.1 and 3 weight percent of the élloy; and R"
is between 3 and 14 weight percent of the alloy.

" 19. The coating composition of claim 17 deposited
on a substrate and having a top layer of a zirconium

A AV 7/[;7[///[7[//7//”’7””



Ni CoCr Al YPt Ta 10-40 Bal 15-25 7-14 0.1-1 3-8 3-6 CoCrAlYPtTa .
24- 80 - - 10-50 4-12 0.1-1 3-8 3-6 * Bal = bal ance of weight **
When hafniumis used in pllace of yttriumor along with yttrium it can be
added in an amount between about 0.1 and 2.0 wei ght -percent.

General ly, the coating conposition of this invention would have R between
19 ‘and 83 wei ght percent of tie28 [oy; C between 10 and 50 wei ght “percent
of the alloy;, Al between 4 and 14 wei ght percent of the alloy; R between
0.1 and 3 FEMgRt deBREIEEd PN RE 1A SRRt ing) GePRRRLIIAN SLAYRF 14 wei ght
percent oftheeeblyl dprming alldaplexiaalieapesrsisaid sulbstraedi ng m xture can
be added in an anobunt from5 to 20 vol une percent based on

20. The coating composition of claim 17 deposited
on a substrate and having a top layer of aluminium,
chromium or mixture thereof deposited on said coating
composition layer in which at least a portion of said
aluminium or chromium is diffused into said coating
composition layer.



‘t he vol une of the coating m xture, preferably between 8 and 12 vol une
percent. The preferred oxi de dispersion would be alumna. To prepare the
coating m xture, the alloy should be prepared with the elenents in an
anount to provide an alloy conposition as shown, for exanple, in Table 1.
Preferably, the alloy could be_nade by the vacuun1nelt process in which the
powder particles are forned by pnért gas atom zation. The oxi de conponent

could then be added to the allo¥ n an aggrogolate
COATING COMPOSITION HAVING

CORROSION AND OXIDATION RESISTANCE

Abstract

A coating composition comprising an alloy having
the formula RCrAlR'R" wherein R is nickel, cobalt or
the like; R' is yttrium or hafnium and R" is tantalum,
rhenium and/or platinum, preferably mixed with an oxide
dispersion such as alumina, to provide an improved
class of coatings suitable for operating in high
temperature oxidizing environments.
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- 11 - anount and bl ended to produce a conposite powder by

ball-mlling, attritor mlling or any other technique.

size would be about 5 to 100 m crons,
m crons. The conposite powder produced can then be deposited on
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a-substrate using any thermal spray device. Preferred thermal spray nethods
for depositing the coating are inert gas shrouded plasnma spraying, |ow
pressure or vacuum plasma spraying in chanbers, high velocity oxygen-fuel
torch spraying, detonation gun coating or the |like. The nost preferred
method is inert gas shrouded plasma spraying. It could al so be advant ageous
to heat treat the coating using appropriate tinmes and tenperatures to

achi eve a good bond for the coating to t e/substrate and a hi gh sintered
density of the coating, and then to peen the coating. Sone suitable
Substrates are nlckelrhase peral | oys, nickel base superalloys containing
titani um cobalt base{sqp rdh| oys, and cobalt base superall oys containing
titanium Preferably, thé’'nickel base superalloys would contain nore than
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Wefgﬁf ni ckel and the cobalt base superalloys would contain nore than 50%
A sanpl e of specific substrates are shown in Table 2.

by wei ght cobalt.
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-137¥ BRI EF DESCRI PTI ON OF THE DRAW NGS Figure 1. G aph of burner

rlg cycles to penetrate single additions of MCrAl'Y coati ngs.
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E!gure 2. Coefficient of thermal expansion for various as- coatéﬁ"fﬁﬁa es.
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COATING COMPOSITION HAVING GOOD
CORROSION AND OXTDATION RESISTANCE

Field of the Invention

The invention relates to an improved class of
coatings suitable for operating in high temperature
oxidizing environments in which said coatings comprise
an alloy, such as NiCrAlYTa, or NiCrAlYPt preferably
mixed with an oxide dispersion such as alumina or any
combination thereof.

Backaground of the Invention

There are many good oxidation and corrosion
resistant coatings used in industry for various
applications and for use in various environments.
cobalt-,
superalloys have been developed for use in

Articles composed of iron-, or nickel-based
applications, such as aerospace applications, and for
use as blades, vanes, seals and other components
utilized in gas turbine engines. In these
applications, it is important that the articles have
sufficient protection against undue oxidation and
sulfidation since such corrosion can affect the useful
life of the article resulting in reduced performance
and possible safety problems. Although various
superalloys have a high degree of corrosion resistance,
such resistance decreases when the superalloys are-
operated in or exposed to high temperature '
environments. '

To increase the useful life of components made of
alloys and superalloys, various coatings have been
developed. Aluminide coatings were initially used to

provide a corrosion resistant outer layer but such

REPLACEMENT SHEET

layer was observed to crack when éubjected.to
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EXAMPLE 1

Several different alloys were made in which single el enment

addi tions _of tantalumor platinumwere added to a nelt containing Ni and/or

Co pl ub

al | oy.
added.
attrit
mesh (
vari ou

A
T

olp

5 ﬁmﬁ%@’ﬁprpr@rargon atom zation to powder. The addition of the
tant al pm

[ ]

@as at the expense of cobalt in the conposition of the

ddltlonal coatlngs were made in which an oxide dispersion was
heOA DBG 1986de
mlled to prgddce a powder m xtur e passed through a -325 tyler

was mxed with Q.3 mcron dianmeter alum na and

-

14 mcrons). The various powder conpositions were plasnma sprayed to
s—t-hi-ckpesses—on._vari ous substrates using an argon

mechanically or thermally induced strain. Another
class of coatings developed was the MCrAlY overlay
coatings where M represents a transition metal element
such as dron, cobalt or nickel. The coatings have been
found to be more effective than the aluminide coatings
in extending the useful life of alloy components in
high temperature environments.

Modern gas turbine engines operate in a high
temperature environment in excess of 2000°F in which
hot gases are expanded across rows of turbine blades.
These turbine blades are typically nickel base alloys
chosen for excellent high temperature creep and thermal
fatigue resistance. In general, the design of the
blade alloy sacrifices resistance to oxidation and hot
corrosion in order to achieve the optimized mechanical
properties. Therefore, the blade is coated with a thin
layer of material designed to provide only high
resistance to oxidation or hot corrosion, with little
regard to mechanical properties of the coating. This
thin coating, typically 3 to 8 mils thick, is generally
applied by argon shrouded plasma spraying, plasma
spraying in a vacuum chamber, or by physical vapor
deposition methods. '

In the field of gas turbine engines, designers
continually look toward raising the operating
temperature of the engine to increase efficiency. In
turn, higher temperatures act to reduce the life of the
current coatings on the turbine blades and vanes.
Components of a gas turbine engine can also be
subjected to hot corrosion. This can occur when there
is §alt ingested into the engine via the intake air, or
when the fuel has even low levels of sulfur
concentration, or both. The attagk of bare blades or
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even coatings on blades can be very rapid in hot
corrosion, where the sulphur and salt can form liquid
compounds on the surface that are able to dissolve the
otherwise protective oxide scale on the substrate.
This hot corrosion mechanism is most aggressive when
the blade temperature falls between the temperatures
where the complex salt-sulphate compounds melt and the
temperature where the compounds evaporate. 1In the
intermediate temperature range a liquid film of the
corrodant can exist on the surface of the substrate and
be very deleterious. Even in engines that generally
run at high temperatures, above the evaporation

~ temperature of such liquid corrodants, there may be

conditions where the components pass through the lower
temperature regime, such as during reduced power
operation or at idle waiting for take-off in an aero
engine. If the corrodants are present in the air or
fuel, they can enhance the rate of attack during these
periods.

In operation, the turbine blade experiences a
range of temperatures as the power demand is raised or
lowered. The blade also experiences a range of axial
stresses as the rotation speed of the blade is
increased or decreased. Of course, both the
temperature change and the stress change happen
concurrently to the rotating blade. One mode is when
temperature and tensile stress both increase together
as the demand for power is increased, and they both
decrease together as power is reduced. If the blade
temperature were plotted on the abscissa and the stress
on the ordinate of an x-y graph, the above mode would
look like a single upward sloping line in the positive
stress and temperature quadrant. It is possible when
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Sanmpl e Co Ni Cr Al Y Ta Pt Aferr](err]
Sanple]A CoNi CrAl'Y 3 32 21- 4 -8 0.5

temperature changes quickly or the surface of the blade
is heated or cooled faster than the core of the blade,
that the graph of the total power cycle is not the same
simple curve for heating and cooling. Rather the
heating and cooling legs of the stress-temperature
graph may be different, and the total cycle looks like
an open loop. This is an indication of hysteresis in
the system between stress and temperature.

If now a thin coating is applied to the blade
surface, and the coating has a different thermal
expansion rate than the blade alloy, the situation
becomes more complicated. One can envision separate
stress-temperature graphs for the coating and the blade
alloy for the same power cycle. In many cases, the
thermal expansion rate of MCrAlY coatings is greater
than that of typical nickel base blade alloys.
Considering the stress-temperature graph of the
coating, there would be two contributions to its stress
state. One would be the radial tensile stress due to
increasing the rotational speed of the blade. The
stress in the coating would be the same as in the
underlying blade due to this effect. In addition,
since the coating is assumed to expand faster than the
blade alloy, it wants to become longer than the blade
but is well bonded to the substrate so it is
constrained and a compressive stress develops in the
coating. The total coating stress is the sum of--the
two contributions. The heating leg of the coating
graph will thus have less tensile stress than the blade
because of the compression component, so its curve
would increasingly fall below the simple line assumed
for the bare blade. If all the high temperature stress
was able to be stored in the coating, when it
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0.7

-5 -

experienced the cooling leg of the cycle it would trace
back along the heating leg for the coating. Bowever,
most MCrAlY coatings are weak at high temperatures in
comparison to blade alloys, and some of the stress in
the coating would be reduced due to annealing or creep.
In that case, when the cooling leg of the cycle occurs,
the coating stress will end up at a lower value at the
fihal low temperature than what it was at the start.
This is due to the stress relaxation effect of the weak
coating at the high temperature. Depending on the
relative contributions of the stress due to blade
spinning compared to the differential thermal expansion
stress effects, and the number of cycles of heating and
cooling, the coating could become increasingly more in
compression. A mechanism such as described here could
be responsible for the observation that some coatings
become buckled and cracked after many cycles.

A further current problem with conventional MCrAlY
coatings on superalloy substrates is interdiffusion of
coating elements into the substrate and substrate
elements into the coating after long times of high
temperature exposure. The loss of coating aluminum to
the substrate is noticed by an aluminide depletion
layer in the coating. Certain substrate elements like
titanium have been found to diffuse through the MCrAlYy
coating to the external surface oxide scale and to make
said oxide scale less protective. It would be
desirable to modify current MCrAlY coatings to reduce
this interdiffusion effect. .

Although MCraAlY has overall been a successful
class of coatings having good oxidation and corrosion
resistance for superalloys, improvements have been made
to the MCrAlY coatings.
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U.S. Patent No. 3,676,085 discloses that the
oxidation-erosion and sulfidation resistance of the
nickel- and cobalt-based superalloys is markedly
improved through the use of a coating consisting of
cobalt, chromium, aluminum and an active metal such as
yttrium, particularly at the composition, by weight, of
15-40 percent chromium, 10-25 percent aluminum, .01-5
percent yttrium, balance cobalt.

"U.S. Patent No. 3,754,903 discloses a coating
alloy for the gas turbine engine super-alloys which
consists primarily of nickel, aluminum and a reactive
metal such as yttrium, particularly at the composition,
by weight, 14-30 percent aluminum, 0.01-0.5 percent
reactive metal balance nickel. A preferred embodiment
also includes 15-45 weight percent chromium.

U.S. Patent No. 3,928,026 discloses a highly
ductile coating for the nickel- and cobalt-base
superalloys having long term elevated temperature
oxidation-erosion and sulfidation resistance and
diffusional stability which coating consists
essentially of, by weight, 11-48% Co, 10-40% Cr, 9-15%
Al, 0.1-1.0% reactive metal selected from the group
consisting of yttrium, scandium, thorium, lanthanum and
the other rare elements, balance essentially Ni, the
nickel content being at least about 15%.

U.S. Patent No. 3,993,454 discloses coatings which
are particularly suited for the protection of nickel
and cobalt superalloy articles at elevated
temperatures. The protective nature of the coatings is
due to the formation of an alumina layer on the surface
of the coating which serves to reduce oxidation/
corrosion. The coatings contain aluminum, chromium,
and one metal chosen from the group consisting of
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nickel and cobalt or mixtures thereof. The coatings
further contain a small controlled percentage of
hafnium which serves to greatly improve the adherence
and durability of the protective alumina film on the
surface of the coating. U.S. patent No. 4,585,481
discloses a similar coating except that yttrium and
hafnium are used together along with silicon.

U.S. Patent No. 3,918,139 discloses a nickel,
cobalt and nickel-cobalt alloy coating composition
having improved hot corrosion resistance. In
particular, an improved MCrAlY type alloy coating
composition consists essentially of, by weight,
approximately 8-30 percent chromium, 5-15 percent
aluminum, up to 1 percent reactive metal selected from
the group consisting of yttrium, scandium, thorium and
the other rare earth elemerits and 3-12 percent of a
noble metal selected from the group consisting of
platinum or rhodium, the balance being selected from
the group consisting of nickel, cobalt and nickel-
cobalt.

U.S. Patent No. 4,677,034 discloses an MCrAlY
coating in which silicon is added. U.S. Patent No.
4,943,487 disclosed a NiCrAlY or NiCoCrAlY coating to
which tantalum is added. U.S. Patent No. 4,743,514
discloses a coating for protecting the surfaces of gas
turbine components such as single crystal turbine
blades and vanes, wherein the coating has a composition
(in weight percent) consisting essentially of chromium,
15-35; aluminum, 8-20; tantalum, 0-10;_tantalum plus
niobium, 0-10; silicon, 0.1-1.5; hafnium, 0.1-1.5;
yttfium, 0-1; cobalt, 0-10; and nickel, balance
totalling 100 percent. A preferred coating, which is
particularly desirable for use with single-crystal
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turbine blades and vanes, has a composition consisting
essentially of chromium, 17-23; aluminum, 10-13;
tantalum plus niobium, 3-8; silicon, 0.1-1.5; hafnium,
0.1-1.5; yttrium, 0-0.8; cobalt, 0O-trace; and nickel,
balance totalling 100 ﬁercent. A process for preparing
the coated component is also described. .

U.S. Patent No. 4,615,864 disclosed coatings for
iron-, nickel- and cobalt-base superalloys. The
coatings are applied in order to provide good oxidation
and/or sulfidation and thermal fatigue resistance for
the substrates to which the coatings are applied. The
coatings consist essentially of, by weight, 10 to 50%
chromium, 3 to 15% aluminum, 0.1 to 10% manganese, up
to 8% tantalum, up to 5% tungsten, up to 5% reactive
metal from the group consisting of lanthanum, yttriﬁm
and other rare earth elements, up to 5 percent of rare
earth and/or refractory metal oxide particles, up to
12% silicon, up to 10% hafnium, and the balance
selected from the group consisting of nickel, cobalt
and iron, and combinations thereof. Additions of
titanium up to 5% and noble metals such as platinum up
to 15% are alsoc contemplated.

U.S. Patent No. 4,101,713 discloses a coating made
from mechanically alloyed MCrAl with a dispersoid of
Al,0;, ThO, or Y,0,.

It is an object of the present invention to
provide an improved coating having good high
temperature oxidation resistance characteristics.

It is another object of the present invention to
provide a coating for substrates that are intended to
operate in high temperature oxidizing and sulfidizing
environments.



t he next cycle The data obtained are shown in Fig. 1. As can be seen
for Table 1, Sanples B, C D and E increased the life of the coating by 40
percent or fphe A. Also Sanples G and H increased the life of

the coati gﬁéﬁtﬁcaﬂ§¥§gﬂ Nt for nore over Sanple F, and Sanples J and K
I ncreased ITe of thejcqating over Sanple I. In each case, an additive

of platinu
significan
The therma

tan pEem9b dxilde to the base Sanples A, F and | made
nprovenents tlo {the burner rig life test of the coating.
expeanstorr 01 thel sanples of Jable 3 were nmeasured in a vertical
di | atonet et constructed of .altripod support | egs and a central pushrod, al
made from sane single crystal of sapphire. The heating rate was hel d
constant at 5[err]C/mn., while a conputer

It is another object of this invention to provide
a coating for superalloy substrates that will have a
thermal expansion rate that is similar to that of the
substrates and will have a greater high temperature
strength so that it will resist stress relaxation.

It is another object of the present invention to
improve the diffusional stability of the coating toward
nickel and cobalt base substrates.

Summary of the Invention
The invention relates to a coating composition

comprising an alloy of RCrAlR’R" wherein R is at least
one element selected from the group consisting of iron,
cobalt and nickel, R’ is at least one element selected
from the group consisting of yttrium and hafnium and R"
is at least one element selected from the group
consisting of tantalum, platinum or rhenium and said
alloy"mixed with an oxide dispersion such as alumina,
thoria, yttria and the rare earch oxides, hafnia and
zirconia.

The amount of R, R’ and R" in the coating alloy
will depend on the specific composition of the coating
and the environment that the coating will be used in.
For most applications, the following amounts of the
components would be suitable.



recorded specinmen tenperature and length signal froma |linear variable
differential transformer (LVDT) attached to the pushrod. The nean
coefficients between 25 and 1050[err]C are shown in Figure 2. The Sanpl es
wer e testedl A5 teﬂ condition and as a second set having been
first vacuu11ﬁ%ﬂ$€?$ﬁgf hour s at 1080Eerr]C I n conparison, typical

ni ckel base|superall oys
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TABLE 1
Elements - weight percent of Com ;-)osition'
Composition Co Ni Cr Al Y** Ta Pt
NiCrAlYPt - Bal. '} 15-25 | 7-14 | 0.1-1 - 3-6
NiCoCrAlYPt 10-40 | Bal. 15-25 | 7-14 | 0.11 - 3-6
CoCrAlYPt Bal - 10-50 | 412 | 0.111 | - 3-6
NiCrAlYTa - 53-75 | 15-25 | 7-14 | 0.1-1 3-8 -
NiCoCrAlYTa 10-40 | Bal 15-25 | 7-14 | 0.1-1 3-8 -
CoCrAlYTa 30-83 | - 10-50 | 412 | 0.1 3-8 -
NiCrAlYTaPt - 47-72 | 15-25 | 714 | 0.1-1 3-8 3-6
NiCoCrAlYP1Ta | 10-40 | Bal 15-25 | 7-14 | 0.1-1 3-8 3-6
CoCrAlYPtTa 24-80 | - 10-50 | 4-12 | 0.1-1 3-8 3-6

¢ Bal = balance of weight
* *When hafnium is used in place of yttrium or along with yttrium, it can be added in an
amount between about 0.1 and 2.0 weight percent.

Generally, the coating composition of this
invention would have R between 19 and 83 weight percent
of the alloy; Cr between 10 and 50 weight percent of
the'alloy; Al between 4 and 14 weight percent of the
alloy; R’ between 0.1 and 3 weight percent of the
alloy; and R" between 3 and 14 weight percent of the
alloy. _

The oxide dispersion in the coating mixture can be
added in an amount from 5 to 20 volume percent based on
the volume of the coating mixture, preferably between 8
and 12 volume percent. The preferred oxide disﬁefsion
would be alumina. To prepare the coating mixture, the
alloy should be prepared with the elements in an amount
to provide an alloy composition as shown, for example,
in:Table 1. Preferably, the alloy could be made by the
vacuum melt process in which the powder particles are
formed by inert gas atomization.. The oxide component
could then be added to the alloy in an appropriate



-16- for turbine blades have CTE's to 1050[err]C of 16.6, 17.0, and
16.1 uin./in./C for Mar-M 002, Rene' 80, and Mar-M 200 + Hf, respectively.
The as-coated Figure 2 and heat treated Figure 3 results are only slightly
different for gps%cghr%thqeﬁt ngs, possibly due to relaxation of residua
stress. The Hanppl-e nd coatings have CTE s of about 18 uin./in./C
and one of the object was to reduce this to be closer to the bl ade all oys.
Addi ng tant aj um dbe$EFI9%hahge the CTE. However, the platinum addition
makes a subs{apti al
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amount and blended to produce a composite powder by
ball-milling, attritor milling or any other technique.
The preferred powder size would be about 5 to 100
microns, and more preferably between 10 to 44 microns.
The composite powder produced can then be deposited on
a substrate using any thermal spray device. Preferred
thermal spray methods for depositing the coating are
inert gas shrouded plasma spraying, low pressure or
vacuum plasma spraying in chambers, high velocity
oxygen-fuel torch spraying, detonation gun coating or
the like. The most preferred method is inert gas
shrouded plasma spraying. It could also be
advantageous to heat treat the coating using
appropriate times and temperatures to achieve a good
bond for the coating to the substrate and a high
sintered density of the coating, and then to peen the
coating. Some suitable substrates are nickel base
superalloys, nickel base superalloys containing
titanium, cobalt base superalloys, and cobalt base
superalloys containing titanium. Preferably, the
nickel base superalloys would contain more than 50% by
weight nickel and the cobalt base superalloys would
contain more than 50% by weight cobalt. A sample of
specific substrates are shown in Table 2.
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width in the gage section.

The tensile tests were done at 800 and 1000C,

using a strain.rate of Q.005 to 0.006 in./in./mn. up to the 0.2% offset

yield stn
wer e al sd
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e shown in Figure 4. Coating Sanples A and F

mehuded--We-f-pupd that by adding tantalumto the CoNi CrAlY

ttﬁ4)§re(1q9gs6tr ngth at 800C nore than doubled for a 3 w.
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BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1. Graph of burner rig cycles tc penetrate

single additions of MCrAlY coatings.

Figure 2. Coefficient of thermal expansion for
various as-coated samples.

Figure 3. Coefficient of thermal expansion for
various heat treated coating samples.

Figure 4. Tensile yield strength for various
coating samples at 800°C.

Figure 5. Tensile yield strength for various
coating samples at 1000°C.

Figure 6. Graph of burner rig cycles to penetrate
various coatings.

Figure 7. Graph of burner rig cycles to penetrate
various coatings.

Figure 8. Graph of diffusion zone penetration
into CMSX-4 substrate vs. time for several overlay
samples coatings.

EXAMPLE 1

Several different alloys were made in which single
element additions of tantalum or platinum were added to
a melt containing Ni and/or Co plus CrAlY prior to
argon atomization to powder. The addition of the
tantalum or platinum was at the expense of cobalt in
the composition of the alloy. Additional coatings were
made in which an oxide dispersion was added. The'alloy
powder was mixed with 0.3 micron diameter alumina and
attriton milled to produce a powder mixture passed
through a -325 tyler mesh (44 microns). The various
powder compositions were plasma sprayed to various
thicknesses on various substrates using an argon

per cent
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shrouded plasma torch operating at 150 amperes. The
various powder compositions are shown in Table 3.

TABLE 3

Composition Weight percent of element in alloy Volume
percent
of
oxide in
mixture

Sample Co Ni Cr Al Y Ta Pt | AlLO,

Sample A

CoNiCrAlY 38 32 21 8 0.5

Sample B

CoNiCrAlYTa | 35 32 21 8 0.5 3

Sample C

CoNiCrAlYTa | 30 32 21 8 0.5 8

Sample D

CoNiCrAlYPt | 35 32 21 8 0.5 3

Sample E ) :

CoNiCrAlYPt | 32 .| 32 21 8 0.5 6

Sample F ‘

‘CoCrAlY 74 18 8 0.7

Sample G

CoCrAlY 74 18 8 0.7 10

| Sample H

CoCrAlY 74 18 8 0.7 20

Sample |

NiCoCrAlY 15 53 20 11 0.5

Sample J

NiCoCrAlY 15 83 20 11 05 10

Sample K "

NiCoCrAlY 15 53 20 11 0.5 20

* Balances of compositions were minor traces af other elements

The various coating compositions were coated on a
substrate of Mar M-002 to a thickness of about 6 mils.
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t. The conpositions of the ¥&rious powders are as shown in

rect

here wasito explore nultiple additions and conbi nati ons

of the Exanple 1 single.-conpénent additions to |ook for even greater

The coatings were tested in a burner rig with the

following characteristics:

Mass air flow 60 1bs./min

Gas velocity 650 ft/sec.

Fuel Standard aviation kerosene

Sulfur content 0.2 ¥ in fuel

Synthetic salt 0.5 ppm into pre-combustor line
Specimen Temp. 1050 C

Hot time 13 minutes per cycle with 1 minute

cool-down then 1 minute heating for
the next cycle

The data obtained are shown in Fig. 1. As can be
seen for Table 1, Samples B, C D and E increased the
life of the coating by 40 percent or more over Sample

A. Also Samples G and H increased the life of the

coating over 40 percent or more over Sample F, and

Samples J and K increased the life of the coating over

Sample I. In each case, an additive of platinum,
tantalum or oxide to the base Samples A, F and I made
significant improvements to the burner rig life test of
the coating.

The thermal expansion of the samples of Table 3
were measured in a vertical dilatometer constructed of
a tripod support legs and a central pushrod, all made

from the same single crystal of sapphire. The heating

rate was held constant at 5°C/min., while a computer

recorded specimen temperature and length signal from a
linear variable differential transformer (LVDT)
attached to the pushrod. The mean coefficients between

25 and 1050°C are shown in Figure 2. The Samples were

tested in the as-coated condition and as a second set

having been first vacuum heat treated 4 hours at

1080°C.

In comparison, typical nickel base superalloys
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for turbine blades have CTE’'s to 1050°C of 16.6, 17.0,
and 16.1 uin./in./C for Mar-M-002, Rene’ 80, and Mar-M-
200 + Hf, respectively. The as-coated Figure 2 and
heat treated Figure 3 results are only slightly
different for most of the coatings, possibly due to
relaxation of residual stress. The Samples A, F and I
coatings have CTE’s of about 18 uin./in./C and one of
the object was to reduce this to be closer to the blade
alloys. Adding tantalum does not change the CTE.
However, the platinum addition makes a substantial
reduction in coating CTE after heat treatment. This
would be the normal state of the coating on the turbine
blade. It may be that the heat treatment allows the
formation of a platinum aluminide or some other phase
that has low CTE, that reduces the overall CTE of the
coating. This finding was an unexpected benefit of the
platinum addition since up to now its main attribute
has been to improve hot corrosion resistance. Finally
the oxide additions weré found to be very effective in
reducing CTE. The results show that 10 vol. percent
alumina reduces the CTE from about 18 to 17 uin./in./C,
and 20 vol. percent reduces the CTE to about 15.7
uin./in./C.

Thick coatings of each of the candidate materials
were heat treated, 4 hours at 1080°C, ground flat and
machined to a tensile test profile, with reduced strip
width in the gage section. The tensile tests werxe done
at 800 and 1000°C, using a strain rate of 0.005 to
0.006 in./in./min. up to the 0.2% offset yield stress.
These data are shown in Figure 4. Coating Samples A
and F were also included. We found that by adding
tantalum to the CoNiCrAlY (Sample B) the yield strength
at 800°C more than doubled for a 3 wt. percent



TABLE 4

addi tive| RBUM@6siition.
El enent s b'“VErght-@f CQWWLsition per cent

of m x-
Ni Cr
7.8 0.
38.7 3 4
0.6 3.2
33.0 31.1

Oxi de
Vol unme Sanpl e
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addition, and more than tripled for an 8% Ta addition
(Sample C). The platinum additions to Sample D
increased the yield strength by a more modest 40
percent. When we added an aluminum oxide dispersion to
CoCrAlY, the yield strength tripled for a 10 vol.
percent addition (Sample G), and increased by a factor
of 5 for a 20 vol. percent addition (Sample H). As
evident from Figure 5, at 1000°C, we found that the
tantalum or platinum additions were no longer
contributing to higher yield strength, but that the
oxide continued its strengthening role. For both the
CoNiCrAlY (Sample A) and the CoCrAlY (Sample F) base
alloys, the increased yield strength was about twice
for a 10 vol. percent addition and about 4 times for a
20 vol. percent addition.

EXAMPLE 2

Sample coating powders were produced as above
except that the compositions were different. The
compositions of the various powders are as shown in
Table 4. The object here was to explore multiple
additions and combinations of the Example 1 single
component additions to look for even greater
synergestic improvements in coating properties.

Co

ture
Og¢ DEG. 1996 [ A [err]derr] I 40.5 30.7 21. 3
I 32.i 31.0 21.0 7.7 0.6 2.8 4.8 [11
21.2 6.8 0.6 11.2 IV 38.2 31.1 21.7 6.3
i \. 35.6 32.1L $41.2 6.6 0.4 4.9 11.3 VI
21.5 7.2 0.6 2.8 5.0 10.6



VI I 74.7 18.6 5.9 0.5 11.5 64.7 20.2 6.4
0.4 3.1 4.9 11.1 The coating powders shown in Table 4 were

‘coated on s T AR
4 et

‘”j# uch that sanples could be easily renoved for
free-standi ST @ﬁzenent.
hours at 1080[

The coating sanples were heat treated in
vacuum f or rq] C, then tested for density by the water
i mrer si on et hodgASEN $9828) .| The theok®tical density is the density of
the materialjip a porosity-firge condition. This can be calculated fromthe
conposition py Tmethod (F. C. Hull, "Estimating Al loy Densities",
Metal Progreps, Nov. 1969, p..1139) and with correction for oxide addition
for certain coatings of

TABLE 4
Oxide
additive
Composition Volume
Sample Elements by Weight of Composition percent
) of mix-
ture
Co Ni Cr Al Y Ta Pt Al,O,
I 40.5 | 30.7 | 213 (7.8 0.3
i 32.1 | 31.0 | 210 | 2.7 0.6 2.8 | 4.8
m 38.7 | 324 | 21.2 | 6.8 0.6 11.2
v 38.2 | 31.1 | 21.7 | 6.3 0.6 3.2 11.4
\Y% 35.6 | 32.1 { 21.2 ]| 6.5 0.4 4.9 1.3
Vi 33.0 | 311 {216 | 7.2 0.6 2.8 | 5.0 10.6
Vii 74.7 18.6 | 5.9 0.5 11.5
Vil 64.7 20.2 | 6.4 0.4 3.1 4.9 1.1

The coating powders shown in Table 4 were coated
on smooth substrates, such that samples could be easily
removed for free-standing density measurement. The
coating samples were heat treated in vacuum for 4 hours
at 1080°C, then tested for density by the water
immersion method (ASTM B-328). The theoretical density
is the density of the material in a porosity-free
condition. This can be calculated from the composition
by the Hull method (F. C. Hull, "Estimating Alloy
Densities", Metal Progress, Nov. 1969, p. 139) and with
correction for oxide addition for certain coatings of
Table 4. The density results are shown in Table 5.

The fully metallic coatings (I and II) were found to
reach a high percentage of their theoretical density,
about 95 to 96 percent. The oxide dispersed coatings
were found to only reach lower densities after heat
treatment, 88 to S0 percent of theoretical.
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The hot hardness of the coatings was measured for
temperatures up to S00°C using a Vickers type indentor
under a load of 0.6 Kg. The results are shown in Table
5. It was found that the coatings with the oxide and
platinum and/or tantalum additive were generally softer
than the Sample I coating and this effect is believed
to be strongly related to the lower coating densities.
Even so, the three-way addition coating Sample VIII was
found to have significantly higher hardness at high
temperature than Sample I. It was found that Sample
VII had about the same hot hardness as Sample I and
that Sample II was softer than Sample I even though the
densities of Sample I and Sample II were reasonably
close. The Ta plus Pt addition softened the coating,
while the Oxide addition made little change, and yet,
Ta + Pt + Oxide had a substantial hardening effect.
Thus an unexpected interaction occurred im the three-
way addition that gave a significantly improved hot
hardness result.

The coatings of Table 4 were deposited on Mar M-
002 pin substrates at néminally 6 mils thickness, heat
treated 4 hours at 1080°C, finished smooth and peened
at 12 N Almen intensity. They were given a cyclic
oxidation test exposure at 1050°C in air, with a 50
minute period in the furnace and a 10 minute cooling
period. Separate samples were tested to 100 hours.
total, and to 300 hours total. The tested pins were
gold and nickel plated, then mounted in cross section
to measure the width of the aluminide depletion layer
beneath the external surface. We consider the
thickness of this depletion to be a measure of the
consumption of coating life, and thus smaller depletion
layers for the same time and temperature exposure is a
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[ O tijng densities. Even so, the three-way addition
Sanple VI was found to haveisignificantly higher hardness at

tenp anple I. It was found that Sanple VIl had

about the sane hot hardness as Sanple | and

sign of longer coating life. The data observed is
shown in Table 5 and demonstrates that after 100 hours,
several coatings have less depletion than Sample I, and
these all contain Ta as one of the additives. We also
found that when the additive was the oxide alone, the
depletion thickness increased over Sample I, an effect
which may be due to the lower density. However, when
Ta + Pt is additionally added to the oxide bearing
coating the depletion is significantly reduced. These
particular data indicate that Ta is the most effective
addition for reduced aluminide depletion in oxidation,
and that it or in combination with Pt, allow the
oxidation resistance of oxide addition coatings to be
restored. This combination will allow oxide additions
to be made for other purposes, such as creep
resistance, without sacrificing oxidation resistance.
Considering the overall performance at 100 and 300
hours, the three-way addition of Ta + Pt + Oxide
produced the best results.

The coatings of Table 4 were deposited on 7 mm
diameter by 85 mm long bar for burner rig testing. The
coatings were heat treated, finished and peened. 1In
this test, the rig was operated as in Example 1, except
the température was increased to 1100°C. The results
for Cycles to failure are shown in Figure 6. The
Sample I coating was not in this test, but from Example
1 we see that the oxide-only addition coatings are
better than the Sample I coatings. The data indicate
that the oxide + platinum and the oxide + tantalum +
platinum multiple additions to be significantly better.
They had about two to three times greater life in the
burner rig test than the oxide-only additions, which
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addition simple Sample I coating.

Some of the compositions of Tables 3 and 4 were
deposited on bars and subjected to a burner rig test.
In this case the substrate was single crystal CMSX-4,
an advanced nickel base alloy for high performance
turbine blades. The burner rig test was as described
above, except the injected salt concentration was
reduced to 0.25 ppm. The test was at 1100°C, with 13
minutes in the burner and 1 minute out of flame
cooling, as before. It took about 1 minute to come
back to 1100°C when cycled back into the burner. The
results are presented in Figure 7, as the cycles to
failure divided by the coating thickness in mils. This
essentially normalizes out any life difference due to
different coating thickness. The coatings were still
made to nominally 6 mils thickness. It was found that
all coatings containing platinum had about twice the
life as coatings with only tantalum or oxide single
additions. Furthermore, tantalum plus platinum was
slightly better than platinum alone, and tantalum plus
platinum plus oxide was the best of all.

To assess the ability of .the new coating
formulations to resist diffusion into the substrate, we
ran long exposure isothermal tests at 1100°C in argon,
then measured the interdiffusion zone width in cross
section. We used the same Sample I coating to which we
added the additives. Figure 8 shows the results up to
60 hours. We found that the coatings with the greater
diffusion zone widths contained platinum. The presence
of “tantalum alone or the combination of tantalum and
platinum additions reduced interdiffusion. The further

- addition of oxide to a platinum bearing coating also
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reduced interdiffusion. The best coating for reducing
interdiffusion from our studies was the three-way
addition of platinum plus tantalum plus oxide. The
overall cobservation is that the tantalum and oxide
additions are the most effective components for
reducing interdiffusion.

The data show that tantalum, particularly in
combination with oxide are effective additions for our
purpose of reducing interdiffusion with the substrate.
We want to limit the loss of Al and Cr from the coating
to diffusion into the substrate, but we also want to
keep deleterious elements from the substrate from
entering the coating and reducing its protective
nature. To help understand the particular effect of
tantalum, we had coatings with and without the tantalum
addition analyzed by the electron microprobe after an
oxidation exposure of up to 400 hours at 1050°C. The
substrates were In-100 and Mar M-002. It was
discovered that the tantalum in the coating was
reacting with titanium which was trying to diffuse from
the substrate into the coating. Ta-Ti particles would
form, at first in the coating near the substrate, and
later higher up in the coating as time progressed and
the tantalum was consumed in this reaction. Thus one
role of Ta in improving the oxidation resistance was
thus the trapping of Ti and reducing its migration to
the outer oxide scale on the coating, where it had been
adversely affecting the protective scale. This finding
makes the value of tantalum additions to coatings
particularly useful on titanium bearing superalloy
substrates such as IN 100, Mar-M-002, Rene’ 80, and on
variants of Mar-M 200 and B-1900.
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5 and denpbnstrates th ter 100 hours, several coatings have |ess
depl et i op—t+ ‘fnf gHEET and these all contain Ta as one of the additives.
Ve al so ‘ vhep—f hle additive was the oxide alone, the depletion
thi cknesg | Sanple I, an effect which may be due to the | ower
density. 3 Pt is additionally added to the oxide bearing
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. The coatings containing particularly the oxide
additions were found to have reduced densification in a
typical heat treatment (2 to 4 hours at 1080°C to
1100°C). The lower density obtained in Coating Samples
III1 through VIII as shown in Table 5 are expected to
reduce all mechanical properties compared to what they
would be at a higher density, and reduce the oxidation
and corrosion resistance somewhat. The thermal
expansion and Poisson’s ratio values would not be
expected to be affected. While the properties are
still good at the normal heat treated density, further
improvements are expected at the higher density. Free-
standing pieces of the Sample VI coating (CoNiCrAlY
plus Pt, Ta and Oxide) were made and subjected to heat
treatments at higher temperatures. The results showed
that the improvement in density is obtainable if the
newly developed coating is combined with a heat
treatment that is optimized to the coating. It is
expected that the higher density obtained will enhance
other coating properties, such as increasing oxidation
and sulfidation resistance, increasing strain to
failure, increasing yield strength and ultimate tensile
strength, and increase the coatings’ resistance to
creep. The thermal expansion coefficient would not be
expected to change.

The improved coatings of this invention are also
useful as bondcoats or undercoats in a thermal barrier
coating system. In a thermal barrier, typically there
is a three to ten mil thick bondcoat of a Sample I
coating (Table 4), then a ten to twelve mil or more
thick layer of yttria-stabilized zirconia coating. A
blade was coated with a bondcdat using the Sample VI
coating, followed by a 10 ml thick layer of yttria-
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oxi dation repi ptance. Consi derling the overall performance at 100 and 300
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The coatingsjof Table 4 were Jeposited on 7 mmdianmeter by 85 nm | ong bar
for burner rig testing. 1he coatings re heat treated, finished and
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are shown in Figure 6. The Sanple | coating was not in this test, but from
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stabilized zirconia. The same plasma torch was used
for both layers, with just the powders and the
operating conditions changed. The thermal barrier
coated blade was heat treated 2 hours at 1100°C in
vacuum, and the zirconia external surface smoothed in
the vibratory finisher using abrasive alumina media.
The microstructure of the thermal barrier coated blade
showed a well bonded undercoat and oxide layer which is
needed for successful barrier coating.

It is to be understood that modifications and
changes to the preferred embodiment of the invention
herein shown and described can be made without
departing from the spirit and scope of the invention.
For example, a post-coating of aluminum or chromium by
the pack cementation process over the coating of this
invention could result in at least a portion of the
alumihum or chromium diffusing into the coating.
Another example is to have a coating of this invention
coated with a top layer of zirconia to produce a good
duplex thermal barrier coating.
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What is Claimed:

1. A coating composition consisting essentially
of an alloy of RCrAlR’'R" wherein R is at least one
element selected from the group consisting of iron,
cobalt and nickel, R’ is at least one element selected
from the group consisting of yttrium and hafnium and R"
is at least one element selected from the group
consisting of tantalum, platinum and rhenium, and said
alloy mixed with an oxide dispersion.

2. The coating composition of claim 1 wherein R
is cobalt, nickel, or cobalt and nickel and wherein R’
is yttrium.

3. The coating composition of claim 2 wherein R"
is tantalum.

4. The coating composition of claim 2 wherein R"
is platinum.

5. The coating composition of claim 1 wherein R
is between 19 and 83 weight percent of the alloy; Cr is
between 10 and 50 weight percent of. the alloy; Al is
between 4 and 14 weight percent of the alloy; R’ is
between 0.1 and 3 weight percent of the alloy; and R"
is between 3 and 14 weight percent of the alloy.

6. The coating composition of claim 1 wherein
the oxide dispersion is selected from the group
consisting of alumina, thoria, yttria and rare earth

oxides, hafnia and zirconia. e T
on Replaced

L L
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4,'§ar advanced ni ckel base alloy for high performance
bl pdgy pEheohgrnert rig test was as described above, except the
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7.

The coating composition of claim 6 wherein

the oxide dispersion is between 5 and 20 volume percent

of the

8.

coating composition.

The coating composition of claim 7 wherein R’

is yttrium.

S.

The coating composition of claim 1 wherein

the alloy is selected from the group consisting of
NiCrAlYPt; NiCoCrAlYPt; CoCrAlYPt; NiCrAlYTa;
NiCoCrAl¥YTa; CoCrAlYTa; NiCrAlYPtTa; NiCoCrAlYPﬁTa; and
CoCrAlYPLTa.

10.

The coating composition of claim 9 wherein

the alloy is NiCoCrAlYPtTa and the oxide dispersion is

alumina.

1l. The coating composition of claim 1 deposited

as a layer on a substrate selected from the group

comprising nickel base superalloys, nickel base

superalloys containing titanium, cobalt base

superalloys, and cobalt base superalloys containing
titanium.

12. The coating composition of claim 1 deposited
as a layer on a nickel base superalloy substrate and

wherein R is more than 50% by weight nickel based on
the weight of the alloy.

13.

The coating composition of claim 1 deposited

as a layer on a cobalt base superalloy substrate and
wherein R is more than 50% by weight cobalt based on

the weight of the alloy.
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coating thickness . in mls, This essentially normalizes out any life

di f f er en¢eRERIACEME Nﬁﬁ%fereﬂt coating thickness. The coatings were stil

made to HOTrnakry~6~ﬁr%s: ickness. It was found that all coatings
contain|1g rqd§ d abput twice the life as coatings with only

tantal um o g addi tions. Furﬁgernnre, tant al um pl us pl ati num
was sl ight Iu hnfrPf rhmn pl ati num al one?~and tantal um plus platinum plus
oxi de 5 the best of all. To assess the ability of the new coating

f or mul at Foms—to—restst—agi+f usi on into the substrate, we ran | ong exposure
| sot hermal tests at 1100[err]C I n argon, then neasured the interdiffusion
zone width in cross section. W used the sane Sanple | coating to which

we added the addhfyi veTheFicdatend Toawdsita onedsl tcQaih t10 deposited
on a substrate selected from the group consisting of

blades and vanes for a gas turbine engine.

15. The coating composition of claim 1 deposited
on a substrate and having a top layer of a zirconium
oxide deposited on said coating composition layer
thereby forming a duplex layer on said substrate.

16. The coating composition of claim 1 deposited
on a substrate and having a top layer of aluminum,
chromium or mixture thereof deposited on said coating
composition layer in which at least a portion of said
aluminum or chromium is diffused into said cocating
composition layer.

17. A coating composition comprising an alloy of
RCrAlR’'R" wherein R is at least one element selected
from the group consisting of iron, cobalt and nickel,
R’ is at least one element selected from the group

~ consisting of yttrium and hafnium and R" is at least
two elements selected from the group consisting of
tantalum, platinum and rhenium.

18. The coating composition of claim 17 wherein R
is between 19 and 83 weight percent of the alloy; Cr is
between 10 and 50 weight percent of the alloy; al is
between 4 and 14 weight percent of the alloy; R’ is
between 0.1 and 3 weight percent of the alloy; and R"
is between 3 and 14'weight percent of the alloy.

19. The coating composition of claim 17 deposited
on a substrate and having a top layer of a zirconium

This Shee

Iy LT



60 hours. We found that the coatings with the greater di ffusion zone
w dt hs cont al.ned pl ati num The presence of tantal um al one or the
conbi nati on} o Jg&gpﬁﬁkgﬁ] ng, pl ati num addi ti ons reduced interdiffusion.

The further 0N Of. “' ide to a platinum bearing coating al so
- 23 -

04 PEC 199
|
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oxide deposited on said coating composition layer
thereby forming a duplex layer on said substrate.

20. The coating composition of claim 17 deposited
on a substrate and having a top layer of aluminum,
chromium or mixture thereof deposited on said coating
composition layer in which at least a portion of said
aluminum or chromium is diffused into said coating
composition layer.
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reduced interdiffusion. The best coating for reducing interdiffusion from
our studies was the three-way addition of platinumplus tantalum plus

oxi de. Thg-.ouerak+—eBservatjon is that the tantalumand oxide additions are
t he nost éfﬂéﬁwﬂﬁﬁt&éﬁbdﬁéngs for reducing interdiffusion. The data
show t hat jt grtattffy "parti cukarly in conbination with oxide are effective

addi ti ons
want to i
substrate,
from

f ar r . e of reducing interdiffusion with the substrate. W
@#énﬁgégﬂgf Alf and & fromthe coating to diffusion into the
t {to keep deLeigrLous el ements fromthe substrate

COATING COMPOSITION HAVING GOOD
CORROSTON AND OXTIDATION RESISTANCE

Abstract

A coating composition comprising an alloy having
the formula RCrAlR‘R" wherein R is nickel, cobalt or
the like; R’ is yttrium or hafnium and R" is tantalum,
rhenium and/or platinum, preferably mixed with an oxide
dispersion such as alumina, to provide an improved
class of coatings suitable for operating in high
temperature oxidizing environments.

FIGURE 4

heet Has Been Replaced

T



entering the coating and reducing its protective nature. To hel p understand
the particular effect of tantalum we had coatings with and w thout the
tant al umlagdpiiremrranal:yzediby the el ectron microprobe after an oxidation
exposur e jofmup.-t-0.-400-hour$ at 1050[err] C. The substrates were |n-100 and
Mar M004. H't was discovered that the tagntalumin the coating was reacting
with titdnijur@dDER 1986 trying to diffuse fromthe substrate into the
coating. JT4d-Ti_particles|would form at first in the coating near the
substratq, and later highef up in the coating as tine progressed and the

t ant al umwas_consuned._in.this reaction. Thus one role of Ta i inproving
the oxidation resistance was thus the trapping of Ti and reduging its
mgration to outer oxi de scale on trre maen ' aq‘been
adversely affécttng the protective scalte= i —Areh
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makes |t REPMEHE 0t ant @I um addi tions to coatings particularly useful on
ti tanilurh'bearing superall oy substrates such as I N 100, Mar-M 002, Rene' 80,

and or{ Mar@amecap?dvar.- M 200 and B- 1900. - 24 -
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The coatings containing particularly the oxide additions were found to have
‘reducedid f“;glb‘fd;g_,@%qg#c:.g typical heat treatnment (2 to 4 hours at
1080[ er ] CtH 21100l el ¥1C)f The | ower density obtained in Coating Sanples
11 through VI11 as shojnm in Table 5 are expected to reduce all nechani cal
propertie$ EpindECRBRo What they woul d ke .at a higher density, and reduce

t he oxi ¢lafi on and corrosipn resistance sonewhat. The thermal expansion and
Poi sson}s rati o valUeS woul d not be expected to be affected. Wiile the
propertiles_are still good at the normal heat treated density, further

| nprovenents are expected at the higher density. Free- standing qi eces of

the Sanple VI coating (mi CrAl'Y
[

en - .

o

=
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COATED SAMPLES

25 TO 1050°C, Heat treated condition
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plus Pt, Ta and Oxide) were nmade and subjected to heat treatnents at higher
terrperatgrlg,g 1ok eprpﬁul'ts showed that the inprovenent in density is

obt aIEI _é:__,_ “T'he "new y devel oped coating is conbined with a heat treatnent
that §{si opt| mzed to the coating. It is expected that the higher density
obt ai hedl \g4 DEEIEhce, o;t her coating properties, such as increasing

oxi daffi on and sul fidatin resistance, increasing strain to failure,

i ncreasiTg~yrerd strength and ultimte tensile strength, and increase the
coatings' resistance tolcreep. The thermal expansion coefficient woul d not
be expected to change. The inproved coatings of this invention are

al so useful as bondcoats or undercoats in a thermal barrier coating system
In a thermal barw, typically there is a three to ten m | thick bondcoat
of a Sample |
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coating (Tahle 4),—t-hem-a ten to twelve m| or nore thick layer of
yttri a-§tggpifg__lf‘._i_’_;fZ?eﬂ'{szi';éjr_-ai:bhilﬂa coating. A blade was coated with a bondcoat
usi ng t?e-WT“oTi ng, followed by a 10 m thick layer of yttria-
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stabilized zirconia. The sane plasma torch was used for both |ayers, with

e operating conditions changed. The thermal barrier

@ﬁde masnheaETt eated 2 hours at 1100[err]C in vacuum and the

"E_iext.eL” pat--surface smoothed in the vibratory finisher using abrasive

al um fainedi a. The m
showe v@ i DEf RS
succeqgsfiul barrLgLﬂc

rpstructure of thg thermal barrier coated bl ade

an ercoat and oxide |ayer which is needed for

tiing. It is to be understood that nodifications

and cHangés to the pref rred enbodi ment of the invention

BURNER RIG TEST
1100°C 0.5 PPM SALT 0.2% S

I

L

COATED SAMPLES
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herein shown and descri bed can be made w thout departing fromthe spirit
and scope of the invention. For exanple, a post-coating of alum num or

chr o um-.py- the*--pa;(fﬁ cementati on process over the coating of this invention
coulig=result in at lleast a portion of the al um num or chrom um diffusing
|nio the"coating. Arot her exanple is to hazfz _a coating of this invention
coat &d W th-a rA4§oQp | ayer of zirconia to produce a good dupl ex ther nal

ba\r ueri’ toati ng ! \
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- 76-
of an all
t he group
conbi nat i
oxi de dis
alloy; Cr
and 14 wej
of the al
The coat|
fromthe

What is clained: 1. A coating conmposition consisting essentially
oy of RCrAIR R' wherein Ris at |east one elenent selected from
consisting of iron, cobalt and nickel, R is yttriumand R' is a
on of tantalum and platinum and wherein said alloy contains an
9@r54@ﬂ~and WHEEEEn R is betwegn 19 and 83 wei ght percent of the
i“s - btaween 10 and 50 wei ght percent of the alloy; Al is between 4
“ﬁ@?bent of the alloy; R is between 0.1 and 3 wei ght percent
g hetineen 3 and 14 weight percent of the alloy. 2.
Eﬁg gltlon f claim1 wherein the oxide dispersion is selected
L3 ccngiatlng al um na,

DIFFUSION ZONE THICKNESS
1100°C, Argon atmosphere, CMSX-4 substrate

15 [
P 1w Sample E
E Sample 1I
7] Sample B
‘é’ A Sample X
S Sample XI
=
=

o L |

2 10 60
TIME, Hours
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. . . . . . Florqor-s-atos
thoria, yttria and rare earth oxides, hafnia and zirconi a. 3. The coating

conposition of claim1 wherein the oxide dispersion is between 5 and 20

vol une percent of the coating conposition. 4. The cg;aﬁl R&MSW%ﬁihw4ﬁl ur
claim 3 deposited as a |layer on a cobalt base supergli £ va)

wherein Ris more than 50% by weight copalt based] gn i} Lght?o-i*g—*c‘;‘:
the coating conposition. 5. The coatl)ng conposi {ien Q apug/mélﬁlélgﬁ‘g“
the alloy is selected fromthe group consisting oi‘ gN Cg to paged.....
Ni CoCr Al YPt Ta; and CoQFARYRLTa — |fﬁ toat i ng corrposﬁlonp&fge‘iﬂ aitPnPaged ...,
wherein the alloy is 4o N WPt fat an He "ox}f de |]§per5|on I s al um na.
7. The coating conposiltidn ¢f clgim1 dep05|t=d ais 'BATHyer RRCEIRILMtt B e, .
sel ected fromthe groyp qom$TsETT U, r T gket—pase superal | oys and cobalt
base superall oys. cl "} O
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8. The coating conposition of claim1l deposited as a | ayer on a nickel base
superal | oy substrate and wherein Ris nore than 50% by wei ght ni ckel based
on the total weight of the coating conposition. 9. The coating

conposition of claim1l deposited on a substrate selected fQoO t ouD
consi sting of blades and vanes for a gad®turbine engine. ggmﬁﬁgmﬁaﬁ”ﬁﬁ

]
(o]

conposi tion of claim9 deposited on a substrate and havin top layer of
alum num chromumqr__nmixture thereof deposited on_said ceafi Mg NOV 1997
conposi tion layer ifn_which ab|l eastia jporjti gn ¢f baifl al um pum or chrom um
of said top layer ifsZdiffused|iPl@padSorti 33@ si ti ¢ntayer +4
The coating conposi i 81 of} cl ilns1 dlppoliied |as | am er op_a substrate and
having a top | ayer cf;auzgfcoﬁi umj _oki de depdsi i ed on sai d coating
conposition | ayer tkew@y@ formng a dupl gx llayer ¢n faid substrate.
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REPLACEMENT SHEET

- 26~ 0 7 AUG 1997

What is claimed:

1. A coating composition consisting essentialty of an alloy
of RCrAIRR" wherein R is at least one element selected
from the group consisting of iron, cobalt and nickel, R’ is
yttrium and R” is a combination of tantalum and platinum,
. and wherein said alloy contains an oxide dispersion and
wherein R is between 19 and 83 weight percent of the alloy;
Cr is between 10 and 50 weight percent of the alloy; Al is
between 4 and 14 weight percent of the alloy; R’ is between
0.1 and 3 weight percent of the alloy; and R" is between 3
and 14 weight percent of the alloy.

2. The coating composition of claim 1 wherein the oxide
dispersion is selected from the group consisting of alumina,
thoria, yttria and rare earth oxides, hafnia and zirconia.

3. The coating composition of claim 1 wherein the oxide
dispersion is between 5 and 20 volume percent of the coating
composition.

4. The coating composition of claim 3 deposited as a layer
on a cobalt base superalloy substrate and wherein R is more
than 50% by weight cobalt based on the total weight of the
coating composition.

5. The coating composition of claim 1 wherein the alloy
is selected from the group conmsisting of NiCrAlYPtTa;
NiCoCrAlYPtTa; and CoCrAlYPtTa

6. The coating composition of claim 5 wherein the alloy
is NiCoCrAlYPtTa and the oxide dispersion is alumina.

7. The coating composition of claim 1 deposited as a layer
on a substrate selected from the group consisting of nickel
base superalloys and cobalt base superalloys.

8. The coating composition of claim 1 deposited as a layer
on 2 nickel base superalloy substrate and wherein R is more
than 50% by weight nickel based on the total weight of the
coating corposition.

9. The coating composition of claim 1 deposited on a
substrate selected from the group consisting of blades and
vanes for a gas turbine engine.

10. The coating composition of claim 9 deposited on a
substrate and having a top layer of aluminum, chromium or
mixture thereof deposited on said coating composition layer
in which at least a portion of said aluminum or chromium of
said top layer is diffused into said coating composition layer.

11. The coating composition of claim 1 cf:posued as a
layer on a substrate and having a top layer of a zirconium
oxide deposited on said coating composition layer thereby
forming a duplex layer on said substrate.
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COATING COMPOSITION HAVING GOOD
CORROSION AND OXIDATION RESISTANCE

Abstract

A coating composition comprising an alloy having
the formula RCrAlR’R" wherein R is nickel, cobalt or
the like; R' is yttrium or hafnium and R" is tantalum,
rhenium and/or platinum, preferably mixed with an oxide
dispersion such as alumina, to provide an improved
class of coatings suitable for operating in high
temperature oxidizing environments.

FIGURE 5
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COATING COMPOSITION HAVING GOOD
CORROSION AND OXIDATION RESISTANCE

Abstract

A coating composition comprising an alloy having
the formula RCrAlR’R"™ wherein R is nickel, cobalt or
the like; R’ is yttrium or hafnium and R" is tantalum,
rhenium and/or platinum, preferably mixed with an oxide
ispersion such as alumina, to provide an improved
class of coatings suitable for operating in high
temperature oxidizing environments.

FIGURE 5
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