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Field of the Invention

The invention relates to a process for thermal
spraying a MCrAlY-based powder composition onto a
surface of a substrate using a gaseous fuél-oxygen
mixture in which sufficient oxygen in the fuel mixture
is used to form Y,0, from a substantial portion of
yttrium (Y) in the powder composition and to form Al,0,
from a minor portion of the aluminum (Al) in the powder

composition.

. 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 in gas turbine engines. 1In 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 degreé 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
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mechanically or thermally induced strain. Another
class of coatings developed was the MCrAlY overlay
coatings where M represents a transition metal elément
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.

A current problem with conventional MCrAlY
coatings on superalloy substrates is interdiffusion of
coating elements into the substrate and substrate
élements 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 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.

Although MCrAlY has overall been a successful
class of coatings having good oxidation and corrosion
resistance for superalloys, improvements have been made
to the MCrAlY coatings.

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.ah alumina layer on the surface
of the coating which serves to reduce oxidation/
corrosion. The coatings contain aluminum, chromium,
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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 togethér along with silicon.

It is an object of the present invention to
provide a thermal spray process-for producing a MCrAlyY-
based coating having an oxide dispersion throughout the

- coating.

Another object of the present invention is to
provide a process for producing a MCrAlY-based coating
using a detonation gun and wherein the coating has an
oxide dispersion throughout. '

Another object of the present invention is to
provide a MCrAlY-based coating where Y is substantially
in the Y,0, form and a minor amount of the Al is in the
Al,0, form.

Summary of the Invention

The invention relates to a process for producing a
MCrAlY-based coating wherein M is selected from the
group consisting of iron, cobalt, nickel and mixtures
thereof, which comprises the thermal spraying, such as
by detonation gun means, of a MCrAlY-based powder
composition onto the surface of a substrate using a
gaseous fuel-oxidant mixture comprising an oxidant and
at least one combustible gas selected from the group of

 saturated and unsaturated hydrocarbons in which the
atomic ratio of oxygen to carbon is between 1.045 to 1
and 1.10 to 1, preferably between 1.05 to 1 and 1.08
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Preferably, the oxygen should be present in the coating
in an amount of at least 1.5 weight percent, more
preferably at least about 2.5 weight percent.
Generally, the maximum amount of oxygen should not
exceed 4 weight percent of the coating.

Flame plating by means of detonation using a
deténating gun can be used to produce coatings of this
invention. Basically, the detonation gun consists of a
fluid-cooled barrel having a small inner diameter of
about one inch. Generally a mixture of oxygen and
acetylene is fed into the gun along with a coating
powder. The oxygen-acetylene fuel gas mixture is
ignited to produce a detonation wave which travels down
the barrel of the gun whereupoh the coating material is
heated and propelled out of the gun onto an article to
be coated. U.S. Patent No. 2,714,563 discloses a
method and apparatus which utilizes detonation waves
for flame coating. The disclosure of this U.S. Patent
No. 2,714,563 is incorporated herein by reference as if
the disclosure was recitéd in full text in this
specification. In some applications it may be
desirable to dilute the oxygen-acetylene fuel mixture
with an inert gas such as nitrogen or argon. The
gaseous diluent has been found to reduce the flame
temperature since it does not participate in the
detonation reaction. U.S. Patent No. 2,972,550
discloses the process of diluting the oxygen-acetylene
fuel mixture to enable the detonatioh—plating process

to be used with an increased number of coating



tenperatures. The protective nature . he coati ngs I's due ty'“to’l%'é ﬁér"r‘fhﬁ PBRN
T - r

of an alum na lﬁyfé 99 t he surface of ¢ch serves t
oxi dation/ corros |9. The coati ngs co B’] chromi um
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consi sting of nickel and cobalt or n1xtures t her eof . The coatings further
contain a small controll ed percentage of hafniumwhich serves to greatly

i nprove the adherence and durability of £h® protective alumina filmon the
surface of the coating. U S patent No. 4,585,481 discloses a sinilar
coating except ttwmpoyitions and also for new and more widely useful

applications based on the coating obtainable. The
disclosure of this U.S. Patent No. 2,972,550 is
incorporated herein by reference as if the disclosure
was recited in full text in this specification. 1In
other applicétions, a second combustible gas may be
used along with acetylene, such gas preferably being
propylene. The use of two combustible gases is
disclosed in U.S. Patent No. 4,902,539 which is
incorporated herein by reference as if the disclosure
was recited in full text in this specification.

A feature of the present invention is that a
higher aluminum concentration can be used in the
MCrAlY-based powder composition since some of the
aluminum will react with the oxygen from the fuel
mixture to form Al,0,. It was found that the life per
mil of coating thickness is essentially proportional to
the amount of aluminum in the coating. Thus a coating
with 12 weight percent aluminum would be expected to
last 50 percent longer than a coating with 8 percent

" aluminum. Alternately, the higher aluminum coatings
will be capable of higher temperature exposure for the
same life per mil. The oxide phases generated with the
gaseous fuel-oxidant mixture and the MCrAlY-based
powder composition occurs such that the oxygen will
react preferably with the metallic elements having the
highest free energy of oxide formation of the
componenté of the coating. Yttrium and aluminum have
the highest free energy of oxide formation of the

elements in the typical McrAlY alloy and since yttrium
has a higher free energy of oxide formation than
aluminum, the yttrium will be substantially converted
to Y,0,, such as 90 weight percent or greater, and a
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percent. Generally, the oxide dispersion in the
coating should be less than 15 volume percent,
preferably less than 10 volume percent and at least
greater than 4 volume percent. Generally, less than 30
perceht by weight of the aluminum should be converted
to Al,0, and preferably less than 25 percent by weight
should be converted to Al,0,. Since the presence of
aluminum is desired in the coating, the conversion of
only a minor amount of the aluminum to Al,0; will
effectively reduce diffusion of the aluminum to the
substrate material from the coating and effectively
reduce diffusion of aluminum to the external surface
where surface oxides will form during its intended use.
This aluminum diffusion reaction has been seen and is
considered a life-reducing mechanism for the coatings
involved. It is believed that the formation of
dispersed Al,0, throughout the coating will effectively
reduce diffusion of aluminum out of the coating so that
the aluminum that remains in the coating will provide a
longer life usé of the coatings. In addition, a ‘
dispersed oxide phase will strengthen the coating at
high temperature environments. In accordance with this
invention, it is recommended to use a higher aluminum
content in the MCrAlY-based powder composition to
compensate for the minor amount that will form Al,O,.
The coatings of this invention can be used as a single
layer environmental MCrAlY-based coating or as an
enhanced bondcoat for thermal barrier coatings.' The

powders for use in this invention are preferably
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To control the portion of the aluminum that will
form Al,0,, the atomic ratio of oxygen to carbon in the
gaseous fuel-oxidant mixture can be adjusted between
1.045 to 1 and 1.10 to 1. The greater the proportion
of oxygen in the fuel will convert more of the aluminum
to Al,0,. Preferably the coating produced can be heat
treated to further stabilize the formation of the
oxides. The heat treatment could be conducted at 800°C
or above, preferably at 1000°C or above for a time
period to substantially stabilize the formation of the
oxides. The time period of the heating step could be
from 2 to 10 hours, preferably from 3 to 5 hours.

The MCrAlY powder composition of this invention
could have chromium in an amount from 10 to 50 weight
percent, preferably from 15 to 40 weight percent and
most preferably from 17 to 30 weight percent, aluminum
in an amount from 4 to 20 weight percent, preferably
from 6 to 18 weight percent and most preferably from 7
to 16 weight percent, yttrium from 0.1 to 1.0 weight
percent, preferably from 0.2 to 0.8 weight percent and
most preferably from 0.2 to 0.6 weight percent, and
balance being iron, cobalt, nickel or mixtures thereof.
If desired, othe: components could be added to the
powder composition such as scandium, thorium,
lanthanum, silicon, hafnium, tantalum, tungsten,
niobium, zirconium, ytterbium, cerium or mixtures
thereof. The amount added would be varied dependent on
the purpose of the addition but in most applications an
amount between 0.5 to 10, preferably between 1 to 7
based on the weight of the MCrAlY powder composition
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wher eupon the coating nmaterial is heated and propelled out of the gun onto
an article to be coated. U S. Patent No. 2,714,563 discloses a

TABLE 1

Elements - weight percent of Composition
COMPOSITION Co Ni Cr Al Y Ta
NiCrAlY - Bal. 15-25 7-14 0.1-1 *
CoCrAlY Bal. - -— 10-50 4-12 0.1-1
NiCoCrAlY 10-40 Bal. 17-30 7-16 0.1-1
CoCrAlYTa 30-83 - . 10-50 4-12 0.1-1 1-5
NiCrAlYTa - 47-72 15-25 7-14 0.1-1 1-5

*Bal - balance of weight

The combustible gas of the gaseous fuel—oxidant.
nixture for this invention could be at least one gas
from the group consisting of acetylene (C,H,),
propylene (C,H;), methane (CH,), methyl acetylene (C;H,),
propane (C.H,), ethane (C,H;), butadienes (CH),
butylenes (CH,), butanes (CH,), cyclopropane (C.H,),
propadiene (C,H,), cyclobutane (CH;), and ethylene
oxide (C,H,0). The preferred fuel mixture would
comprise acetylene gés alone or mixed with at least one
other combustible gas such as propylene.

If desired, an inert gas such as nitrogen could be
added to the gaseous fuel mixture in an amount of 20 to
50, preferably 30 to 40 volume percent based on the
volume of the combustible fuel and oxygen. Using a
detonation gun, the flow rate of the gaseous
fuel-oxidant mixture can vary between 10 to 14,
preferably between 11 to 13 cubic feet per minute and
the fire rate can vary from 4 to 10, preferably 7 to 9
times per second. The powder feed rate in the barrel
could vary between 5 to 35, preferably between 15 to 25
grams per minute. The parameters would be selected so
that the desi;ed amount of oxygen would be available to
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of Al,0, and Y,0; desired in the final coating.

Another method of producing the coating of this
invention may be the high velocity oxy-fuel, including
the so-called hypersonic flame spray coating processes.
In these processes, oxygen and a fuel gas are
continuously combusted thereby forming a high velocity
gas stream into which the powdered material of the
coating composition is injected. The powder particles
are heated to near their melting point, acceleratéd and
impinged upon the surface to be coated. Upon impact,
the powder particles flow outward forming overlapping
thin, lenticular particles and splats. When using the
high velocity oxy-fuel technique with a carbon-
containing type fuel for depositing the coating, then
the oxygen to fuel ratio in cubic feet per hour should
be between 9 to 1 and 4 to 1, preferably between 7 to 1
and 5 to 1. When using the high velocity oxy-fuel
technique with a hydrogen fuel then the oxygen to'
hydrogen ratio, on the basis of moles of gas, should be
greater than 0.5 to 1.

The coating materials of this 1nventlon are
ideally suited for coating substrates made of materlals
such as titanium, steel, aluminum, nickel, cobalt,
alloys thereof and the like.

EXAMPLE 1
‘Three coatings were prepared on IN718 substrate
pins, heat tfeated (4 hours at 1975°F in vacuum),
finished smooth, and peened. Samples of each coating
were run in two cyclic oxidation tests, at 1900°F and
2000°F. 1In these tests, the coated pins were cycled
into the hot zone for 50 minutes, then withdrawn to
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The three coatings were: Coating A made with a
plasma torch with coaxial argon shielding; Coating.B
made with a detonation gun (D-Gun) at atomic ratio of
oxygen to carbon of 1.06 to 1.00 using the identical
powder lot used for the blasma torch Coating A; and
Coating C made with a detonation gun at atomic ratio of
oxygen to carbon of 1.06 to 1.00 using a powder which
was identical to the powder lot used in Coating A
except that additional aluminum was added to compensate
for the amount of metallic aluminum that would be
converted to aluminum oxide during the detonation gun
process. '

It was found (Table 2) that the baseline plasma
torch coating gave good oxidation resistance, with
small values of outer aluminide depletion and oxide
scale thickness, indicative of a long-life coating.

The D—gun'verSion of the same powder had comparable
life at 2000°F but had significantly less oxidation
resistance at 1900°F. This is likely due to the lesser
residual aluminum in the metallic alloy of the coating,
approximately 2 percent aluminum having been converted
to aluminum oxide. At 2000°F, the oxide dispersion
apparently helps maintain oxidation resistance in this
coating despite the lower metallic aluminum. Finally,
the D-gun coating made with the aluminum-compensated
powder was found to be significantly better than either
of the other coatings, especially apparent after long
times of testing. It was depleted to only one-half the
extent of the plasma cdating after 250 hours at 1900°F
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the yttriumwl tantia converted err such as 90 wei ght
percent or gread@spegﬁgog of alumlnum -oxide throughout the coating.
Table 2
) Average Outer Aluminide
Depletion Zone Plus Oxide
Scale Thickness (mils)
. 1900°F 2000°F
Coating Oxygen: 114 250 80 160
Device - Carbon Hours Hours Hours |Hours
. ratio
*A-Plasma
torch - .33 .97 .45 .61
*B) -D-Gun 1.06 .59 ctg .46 .54
gone
**C)-D-Gun [1.06 .49 .48 .31 | .41

Powder. Compositions: _
* 21.8Co-17.2Cr-12.5A1-0.6Y-balance Ni;
** 22,2C0-17.0Cr-14.4A1-0.7Y-balance Ni

Example 2

Three coatings were made using the aluminum-
compensate powder with the detonation gun employing
oxygen and propylene gas mixtures in varying
proportions to produce different oxygen to carbon
ratios. The coatings were on IN718 pins, and were heat
treated and finished after coating and oxidation tested
as described in Example 1.

It was found that at the low oxygen to carbon

- ratio of 1.00:1, the coatings were initially very
oxidation resistant, as shown by the data of Table 3 at
114 hours at 1900°F and 80 hours at 2000°F. At longer
times, however, the coating has relatively high
depletion values at both temperatures. At the 1.03:1
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be converted to [err] Since the presence of alumnumis desired in the
coating, the coe¥¥geroppappon ratio the coating was more stable in

long-term oxidation testing. At the 1.06:1 oxygen to
carbon ratio the resultant coating had the best
combination of low initial oxidation rate and long-
term oxidation resistance.

Table 3
Average Outer Aluminide Depletion
Zone Plus Oxide Scale Thickness
(mils)
1900°F 2000°F
Oxygen:

*D-gun Carbon 114 250 80 160
Coating |ratio Hours Hours Hours Hours
A 1.00:1 .35 1.31 .26 .48
B 1.03:1 .38 .46 .32 .57
Cc 1.06:1 .52 .42 .31 .41

*Starting powder composition for all coatings:
22.2 Co-17 Cr-14.2 Al1-0.7Y-Bal Ni

Example 3

Coating C of Example 2 was chemically analyzed for
its oxygen and carbon content (Table 4). Based on the
chemical analysis of the coating, the amount of Y,0,
and Al,0, were calculated assuming equilibriuﬁ and that
ali oxygen was converted to the most stable oxides.

It was found that the detonation gun coating
converted all the Y to Y,0, and a minor amount of Al,Q,.
For example, Coating C had a calculated total dispersed

oxide content of 9.1 vol. percent.
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this inventi on, (+t—+s—r Cbu!lllcﬁggﬁré‘fwech a—trt 9"°'c‘1cﬁ‘lék:é&“%t’“¥‘ ert—+—t he
MCr Al Y- based pojader conpositi conpedsate faor he m nor anmount t hat
will form [er I‘] Coating Oxygen: Oxygen Carbon Y,0, £ Y in Al,0, Al* |$ Al
_ Carbon Y,0,* : in
Ratio ) A1,0,*
C D-Gun 1.06:1 2.34 1.05 1.2 100 7.9 | 10.74f 18.40
Baseline - 0.15 0.01 1.1 100.00 0] 12.50 0
Plasma .
Coating

* percent by weight

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, the coating of this invention could be
coated with a top layer of zirconia to produce a good
duplex thermal barrier coating.



The coatings of this invention can bepused as a si nPI e | ayer &5}1'? : tH4S BEEN
MCr Al Y- based coBt2RA878r as an enhanced & ageder el barriern—T -ACED
coatings. The powders for use in this 1 ﬁ , upreferably

REPLACEMENT SHEET Date :05 FEB 1996 -7 by the vactum-nelted——
argon-at om zation process. To control the portion of the alum

form A1203, the atomc ratio of oxygen to garbon in the gaseoqm’il,:u'iﬂ"lm,ﬂ”,m
fuel - oxi dant m xture can be adjusted between 1.045 to 1 and 1. ; . .

greater the proggrii 9a ef 9xxgen in the fuel will convert nore of the
~alum num '

1. A process for producing a MCrAlY-based
coating wherein M is selected from the group consisting
of iron, cobalt, nickel and mixtures thereof, which
comprises the thermal spraying by detonation gun means
of a MCrAlY-based powder composition onto the surface
of a substrate using a gaseous fuel-oxidant mixture
comprising an oxidant and at least one combustible gas
selected from the group of saturated and unsaturated
hydrocarbons in which the atomic ratio of oxygen to
carbon is between 1.045 to 1 and 1.10 to 1; a
substantial amount of the yttrium is converted to Y,0,;
a minor amount of aluminum is converted to Al,0, and
the oxide phase of the aluminum and yttrium is less
than 15 volume percent of the coating.

2. The process of claim 1 wherein the coated
substrate is heated to a temperature above 800°C for a
time period sufficient to stabilize the reaction of the
oxygen from the fuel-oxidant mixture with yttrium and
aluminum from the powder composition to form the

desired amount of Y,0, and Al,O,.

3. The process of claim 1 wherein the MCrAlY-
based powder composition further contains at least one
of the elements selected from the group of scandium,
thorium, lanthanum, silicon, hafnium, tantalum, cerium,

tungsten, niobium, zirconium and ytterbrium.

4, The process of claim 1 wherein the
combustible gas is a mixture of acetylene and propylene
and the atomic ratio of oxygen to carbon is between



to [err] Preferably the coating proﬂw‘sﬁ ﬁ%rbee hlece;1 treated JloT'f“§r~°t"l‘f@rTHAS BEEN

stabilize the fBraff78n of the OXIde éat ment couf'd be REPLACED
conducted at [err] or above, prefera r above FBT““?“ﬁﬁ=ﬁ§FFﬁﬁ===“

tao substantially stabilize the forna i des. The
the heating step could be from2 to 10 hours preferably fromm”m Huﬂs’”m
The MCr Al'Y powder conposition of thisiln/rglon coul d have: chToMlnnln »
anmount from 10 to 50 wei ght percent, preferably from 15 to 40 wei ght

percent and nos eeferablyf kOMK1Z 1 9.3 e ugien in an
anount from4 t% 98 t8 ghéxgeécggtzop?ef%rﬁﬁFgE%?gﬁég ?%0&§£Mg¥g gbpercent
and nost preferMbtylﬁmom$7CODV§6taé|ghtYéavcenmlnyrtamgnntroﬁ10 1to 1.0

wei ght percent, L er abl; tp. 0 c§ n to
preferably fron?gﬁgiﬁgﬁogé ééﬁghgt%%rggn?ﬁ Eglgﬁée %P%gnggé cobalt
ni ckel. or m xtuthe ahvmiénfim and yttrium is less than 15 volume percent

of the coating.

5. The process of claim 1 wherein the
combustible gas is a mixture of acetylene and propylene
and the atomic ratio of oxygen to carbon is between
1.05 to 1 and 1.08 to 1; a substantial amount of the
yttrium is converted to Y,0,; a minor amount of
aluminum is converted to Al,0,, and the oxide phase of
the aluminum énd yttrium is less than 15 volume percent

of the coating.

6. A process for producing a MCrAlY-based
coating wherein M is selected from the group consisting
of iron, cobalt, nickel and mixtures thereof, which
comprises the thermal spraying by high velocity oxy-
fuel means of a MCrAlY-based powder composition onto
the surface of a substrate using a gaseous fuel-oxidant
mixture comprising an oxidant and at least one '
combustible gas selected from the group of saturated
and unsaturated hydrocarbons in which the oxygen to
fuel ratio in cubic feet per hour is between 9 to 1 and
4 to 1; a substantial amount of the yttrium is
converted to Y,0,, a minor amount of aluminum is
converted to Al,0, and the oxide phase of the aluminum
and yttrium is less than 15 volume percent of the
coating.

7. The process of claim 6 wherein the coated
substrate is heated to a temperature above 800°C for a



| f desired, other conponents could be added to the pomder co 6§§tktﬁ}££ BEEN

as scandi um tIm®¥200M2 | ant hanum Ehig Shes hlas Praf Réplangd t ant :
ni obi um zirconium ytterbium ceri thereof——?he—af

woul d be vari ed dependent on the p ddltlon

applications an amount between 0.5 to 10, preferably bet meé&“"!bﬂi'ﬂilmuml
on the weight of the MCrAl'Y powder COHDQSI?IQH REPLACE

FEB 1996 -8- woul d be suitable. Exanples 0f suitable powder conpositions

are shown i -
sho 'n 1%¥€£E]“eg¥g%'sufflc1ent to stablllze the reaction of the

oxygen from the fuel-oxidant mixture with yttrium and
aluminum from the powder composition to form the

desired amount of Y,0; and Al,O,.

8. The. process of claim 6 wherein the MCrAlY-
based powder composition further contains at least one
- of the elements selected from the group of scandium,
thorium, lanthanum, silicon, hafnium, tantalum,

tungsten, niobium, zirconium, cerium and ytterbium.

9. A procéss for producing a MCrAlY-based
coating wherein M is selected from the group consisting
of iron, cobait, nickel and mixtures thereof, which
comprises the thermal spraying by high velocity oxy-
fuel means of a MCrAlY-based powder composition onto
the surface of a substrate using a gaseous fuel-oxidant
mixture comprising an oxidant and hydrogen and the
oxygen to hydrogen ratio on the basis of moles of gas
is greater than 0.5 to 1; a substantial amount of the
yttrium is converted to Y,0,, a minor amount of
aluminum is converted to Al,0, and the oxide phase of
the aluminum and yttrium is less than 15 volume percent
of the coating.

10. A substrate coated with a thermal sprayed
layer comprising a MCrAlY-based material wherein M is
selected from the group consisting of iron, cobalt,
nickel and mixtures thereof and wherein at least 90
percent by weight of the'yttrium component is in the
form Y,0,; up to 30 percent by weight of the aluminum

component is in the form of Al,0, and wherein said Y,0,




El enents - weight percent of Conposition COVMPCSI TION Co L‘THISSBEETHANBEEN

Y Ta N CN20072 - Bal . 15-25 7-14 0.1-1 CoCril Y REBJACED
-- 10-50 4-12 0.1-1 NCoCrAlY 10-40 Bal. 17-
CoCrAl YTa  30-83 -- 10-50 4-12 0.1-1 1-5 NiCrAl YTa

47-72 15-25 7-14  0.1-1 1-5 *Bal - balance of weight mm&m&m“m‘H“‘

gas of the gaseous fuel -oxidant m xture _faqr this invention

| east one gas fromthe group consisting o acetyl ene [err] propylene [err]
met hane [err] nethyl. ac ene ] ane % ef hane {Berr but adi enes
[err] butyl enes®} rl?‘}%e eErfIL-é {"%:’501"1 p? OPah é £ri‘fsf)r 534 2Re [err]
cycl obut ane [ erv¥dlwane péryeebeodxtlee ¢esatinghe preferred fuel m xture would
conprise acetylene gas alone or mxed with at |east one

This Sheet Has Been Re[ilaced '




- | | _ “ THIS SHEET HAS BEE!
ot her conbustible gas such as propylene. If desired, an inert fas SLngpgxcEDB =
nitrogen coul dik0¥Pd to the gaseous fuel m xture in an anourt—of—20—t-g-————o—

=t

50, preferably 30 to 40 volume percent based on the volunme of_the

cenbustlgle fuel and oxygen. Using a detonation gun, the flowrate of the

gaseous fuel -oxi dant mixture can vary between 10 to 14, pref ermBlsyecbeis\Rs,

11 to 13 cubic feet per mnute and the fi hg Late can vary fromﬂnﬁl Replaced
'

preferably 7 to 9 tines per second. The powder feed rate in the

coul d vary between 5 to 35 f, égbté b Eé@ g ég ams p mumlmmi
The paraneters woul d be seﬁegt§-ﬁ R, ERUDE Iﬁé ailﬂﬁt of oxygen woul d

be available-to REPLACENBESPBREED MCrAlY-BASED COATING

Abstract

A thermal épray process for producing a MCrAlY-
based coating wherein M is selected from the group
consisting of iron, cobalt, nickel and nmixtures thereof
and wherein the oxygen in the fuel-oxidant mixture of
the thermal spray process converts a substantial
portion of the yttrium component to Y,0,, a minor
portion of the aluminum component to Al,0,, and the Y,0,
and Al,0, are present in an amount of less than 15

volume percent of the coating.



Date 05 FEB 1996 -9- react with the al unm num and yttriumix)?mEPuAdEMENmBHEET
of A1203 and Y203 desired in the final coating. Another netlfjod of ﬁéfﬁﬁﬁi

the coating of this invention may be the high velocity oxy- {ludte :.i ( Eﬁﬁ
the so-called hypersonic flane spray coating processes. In
oxygen and a fuel gas are continuously conbusted thereby form ng a high

vel ocity gas streaminto which the powdered nmaterial of the coating
conposition is injected. The powder particies are heated to near their

mel ting point, accelerated and i npi nged upon the surface to be coated. Upon

i mpact, the powder particl @ﬁpfno@zs%utmr PRODUBTING AWEdxamiy ng thin,

l'enticular particles and spla Si N elrocity oxy-fue
t echni que with a carbon- coIDrI:!':'IPl“\:!Rf*?'r’i:Dr MQIAFLQIF"IBW %QMJ ng the coating,
t hen

Field of the Invention

The invention relates to a process for thermal
spraying a MCrAlY-based powder composition onto a
surface of a substrate using a gaseous fuel-oxygen
mixture in which sufficient oxygen in the fuel mixture

- is used to form Y,0, from a substantial portion of |
yttrium (Y) in the powder composition and to form Al,0,
from a minor portion of the aluminum (Al) in the powder

composition.

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 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



the oxygen to fuel ratio in cubic feet per hour should be belWﬁﬁhAQENENISHEEF
and 4 to 1, preferably between 7 to 1 and 5 to 1. Wen usingjthe hgpb FE
vel ocity oxy-fuel technique with a hydrogen fuel then the ox @@ﬁnp.m"m.ﬂnﬂaﬁu

hydrogen ratio, on the basis of noles of gas, should be greater tfam 0.5 toO
1. The coating materials of this invention are ideally suited for coating
substrates nmade of materials such as titanium steel, alum num nickel
cobalt, alloys thereof and the |like. EXAMPLE_1 Three coatings were prepared
on I N718 substrate pins, heat treated (4 hOurs at [err] in vacuun),

ox! dat Ton t oot e SRERBERT AL TRIBL 88, BbafERds At "EL G LY e 8 e
cycled into thephotidene torrdfionnneésistahtnouwtéhdiayertisut such
' layer was observed to crack when subjected to

mechanically or thermally induced strain. Another

class of coatings developed was the MCrAlY overlay

coatings where M represents a transition metal elément

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.

A 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 MCrAlY
coating to the external surface oxide scale and to make
said oxide scale less protective. It would be
desirablé to modify current MCrAlY coatings to reduce
this interdiffusion effect.

Althoﬁgh MCrAlY has overall been a successful
class of coatings having good oxidation and corrosion
resistanée for superalloys, improvements have been made
to the MCrAlY éoatings. |

U.S. Patent No. 3,993,454 discloses coatings which
are particularly suited for the protection of nickel
and cobalt $uperalloy 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,



REPLACEMENT SHEET Date: 05 FEB 1996 10 - cool for 10 ni nut es| REPLACEMENSTISHEET

the pins were cross-sectioned, nounted in epoxy and polish tor t
2xtent of the surface oxide |ayer and the underlying al um dbkﬂdﬁﬁgiigﬁﬂaﬁm

| ayer. The three coatings were: Coating A made with a plas TCIT W T 1T
coaxi al argon shielding; Coating B made with a detonation gun (D Gun) at
atomc ratio of oxygen to carbon of 1.06 to 1.00 using the identical powder
| ot used for the plasma torch Coating A;_a%d_COating C made with a
detonation gun at atomic ratio of oxygen to carbon of 1.06 to 1.00 using a

powder. whi ch and one metal chosen from the group consisting of
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.

It is an obﬁect of the present invention to
provide a thermal spray process for producing a MCrAlY-
based coating having an oxide dispersion throughout the
coating. '

Anéther object of the present invention is to
provide a process for producing a MCrAlY-based coating
using a detonation gun and wherein the coating has an
oxide .dispersion throughout.

Another object of the present invention is to
provide a MCrAlY-based coating where Y is substantially
in the Y,0, form and a minor amount of the Al is in the
Al,0, form.

Summary of the Invention

The invention relates to a process for producing a
MCrAlY-based coating wherein M is selected from the
group consisting of iron, cobalt, nickel and mixtures
thereof, which comprises the thermal spraying, such as
by detonation gun means, of a MCrAlY-based powder
composition onto the surface of a substrate using a
gaseous fuel-oxidant mixture comprising an oxidant and
at least one combustible gas selected from the group of
saturated and unsaturated hydrocarbons in which the
atomic ratio of oxygen to carbon is between 1.04S5 to 1
and 1.10 to 1, preferably between 1.05 to 1 and 1;08



was identical to the powder | ot used in Coating A except th#tRERIAGENENT SHEET
al um num was added to conpensate for the anmount of netallic alunigtslgéﬁt
woul d be converted to al um num oxi de during the detonation ¢udatgrc¥sst .ﬁﬁﬁ

was found (Table 2) that the baseline plasma torch coating gave good
oxi dation resistance, with small val ues of outer alum nide depletion and
oxi de scal e thickness, indicative of a long-life coating. The D gun version
of the same powder had conparable |ife at 4err] but had significantly | ess
oxi dation resistance at [err] This is li'kely due to the | esser residual
alumnumin the netallic coating, .approximately 2 percent

Q3 de O

al um num havi n§%éden %\F&Js‘lttgé”?‘{f%h iYh AR O0ntq dpr 2nd dhssi de

di spersi on appaicitidd/ 1B/d¥s HERHHAIdt Qdad! 170 gedeaitare the tWHtriceat i ng

despite the | Ovc\:eormprcr)%te%ltl iiCn %Ihuerrié‘uourrg oE.J %H yaind up to 30 percent of
the aluminum component in the form of Al,0,.
Preferably, the oxygen should be present in the coating
in an amount of at least 1.5 weight percent, more
preferably at least about 2.5 weight percent.
Generally, the maximum amount of oxygen should not
exceed 4 weight percent of the coating.

Flame plating by means of detonation using a
deténating gun can be used to produce coatings of this
invention. Basically, the detonation gun consists of a
fluid-cooled barrel having a small inner diameter of
about one inch. Generally a mixture of oxygen and
acetylene is fed into the gun along with a coating
powder. The oxygen-acetylene fuel gas mixture is
ignited to produce a detonation wave_which travels down
the barrel of the gun whereupon the coating material is
heated and propelled out of the gun onto an article to
be coated. U.S. Patent No. 2,714,563 discloses a
method and apparatus which utilizes detonation waves
for flame coating. The disclosure of this U.S. Patent
No. 2,714,563 is incorporated herein by reference as if
ﬁhe'disclosure was recited in full text in this
specification. In some applications it may be
desirable to dilute the oxygen-acetylene fuel mixture
with an inert gas such as nitrogen or argon. The
gaseous diluent has been found to reduce the flame
temperature‘gince'it does not participate in the
detonation reaction. U.S. Patent No. 2,972,550
discloses the process of diluting the okygén-acetylene
fuel mixture to enable the detonation-plating process
to be used with an increased number of coating



the D-gun coating made with the al uni num conpensated powder RERLAGRMENT SHEET

after long tines of testing. It was depleted to only one-hal | Bdie:

significantly better than either of the other coatings, espe |allyeﬁgggﬂﬁgﬁxﬁ
MRt NN

the plasnma coating.after 250 hours at [err] REPLACEMENT S
FEB 1996 - 11 - and was one-third | ess depleted after 160 hours at [err]
This coating had the benefit of high netallic alum num content plus the
coating process induced di spersion of al umdgum oxide throughout t he
coating. Table 2 Average Quter Al um nide

compositions and also for new and more widely useful

applications based on the coating obtainable. The
disclosure of this U.S. Patent No. 2,972,550 is
incorporated herein by reference as if the disclosure
was recited in full text in this specification. 1In
other applications, a second combustible gas may be
used along with acetylene, such gas preferably being
propylene. The use of two combustible gases is
disclosed in U.S. Patent No. 4,902,539 which is
incorporated herein by reference as if the disclosure
was recited in full text in this specification.

A feature of the present invention is that a
higher aluminum concentration can be used in the
MCrAlY-based powder composition since some of the
aluminum will react with the oxygen from the fuel
mixture to form Al,0,. It was found that the life per
mil of coating thickness is essentially proportional to
the amount of aluminum in the coating. Thus a coating
with 12 weight percent aluminum would be expected to
last 50 percent longer than a coating with 8 percent
aluminum. Alternately, the higher aluminum coatings
‘Wwill be capable of'higher temperature exposure for the
same life per mil. The oxide phases generatéd with the
gaseous fuel-oxidant mixture and the MCrAlY-based
powder composition occurs such that the oxygen will
react preferably with the metallic elements having the
highest free energy of oxide formation of the
components of the coating. Yttrium and aluminum have
the highest®free energy of oxide formation of the
elements in the typical McrAlY alloy and since yttrium
has a higher free energy of oxide formation than
alﬁminum, the yttrium will be substantially converted
to Y,0,, such as 90 weight percent or greater, and a



eretrarerer

Depl eti on Zone Plus Oxide Scale Thickness (nmils) [err] REPOAGEMENT SHEET
Coat i ng xygen: 114 250 80 160 Devi ce ngEB 1936
Hour s Hour s Hours Hours ratio *A-Plasnma torch L Dat® fecorge GG reeTriesaieents
.97 . 45 .61 *B)-D Qun 1. 06 .59 ctg &G — 54 g
one?*»>C-D@n 1.06 .49 .48 .31 .41 Powder

Conpositions: * 21.8Co-17.2Cr-12.5Al -0. 6Y-balance Ni; **
22.2Co0-17. OCr-14. 4Al -0. 7Y-bal ance NI Example 2 Three coatings were nade
usi ng the al um num conpensate powder with the detonation gun enpl oyi ng

minor portion of aluminum will be converted to Al,Q,,
such as less than about 30 weight percent for a typical
MCrAlY composition and an oxygen content of about 2
percent. Generally, the oxide dispersion in the
coating should be less than 15 volume percent,
preferably less than 10 volume percent and at least
greater than 4 volume percent. Generally, less than 30
percent by weight of the aluminum should be converted
to Al,0, and preferably less than 25 percent by weight
should be converted to Algx. Since the presence of
aluminum is desired in the coating, the conversion of
only a minor amount of the aluminum to Al,0, will
effectively reduce diffusion of the aluminum to the
substrate material from the coating and effectively
reduce diffusion of aluminum to the external surface
where surface oxides will form during its intended use.
This aluminum diffusion reaction has been seen and is
considered a life-reducigg mechanism for the coatings
involved. It is believed that the formation of
dispersed Al,0, throughout the coating will effectively
reduce diffusion of aluminum out of the coating so that
the aluminum that remains in the coating will provide a
longer life use of the coatings. 1In addition, a
dispersed oxide phase will strengthen the coating at
high temperature environments. In accordance with this
invention, it is recommended to use a higher aluminum
content in the MCrAlY-based powder composition to
compensate for the minor amount that will form Al,O,.
The coatings™of this invention can be used as a single
layer environmental MCrAlY-based coating or as an
enhanced bondcoat for thermal barrier coatings. The
powders for use in this invention are preferably



oxygen and propyl ene gas m xtures in varying proportions to p‘?%P CEMENTSHEET

di fferent oxygen to carbon ratios. The coatings were on | N7 OﬁrﬁEB 1996
tere heat treated and finished after coating and oxidation 4 :

described i.n Exanple 1. It was found that at the | ow oxygen to carbon ratlo
of 1.00:1, the coatings were initially very oxidation-resistant, as shown
by the data of Table 3 at 114 hours at [err] and 80 hours at [err] At

| onger tinmes, however, the coating has rel @ t+vely high depletion val ues at
both tenperatures. At the 1.03:1 REPLACEMENT SHEET Date: 05 FEB 1996 -

12 - powders made by the vacuum-melted argon-atomization
process. |

To control the portion of the aluminum that will
form Al,0,, the atomic ratio of oxygen to carbon in the
gaseous fuel-oxidant mixture can be adjusted between
1.045 to 1 and 1.10 to 1. The greater the proportion
of oxygen in the fuel will convert more of the aluminum
to Al,0,. Preferably the coating produced can be heat
treated to further stabilize the formation of the
oxides. The heat treatment could be conducted at 800°C
or above, preferably at 1000°C or above for a time
period to substantially stabilize the formation of the
oxides. The time period of the heating step could be
from 2 to 10 hours, preferably from 3 to 5 hours.

The MCrAlY powder composition of this invention
could:have chromium in an amount from 10 to 50 weight
percent, preferably from 15 to 40 weight percent and
most preferably from 17 to 30 weight percent, aluminum
in an amount from 4 to 20 weight percent, preferably
from 6 to 18 weight percent and most preferably from 7
to 16 weight percent, yttrium from 0.1 to 1.0 weight
percent, preferably from 0.2 to 0.8 weight percent and
most preferably from 0.2 to 0.6 weight percent, and
balance being iron, cobalt, nickel or mixtures thereof.
If desired, other components could be added to the
powder composition such as scandium, thorium,
lanthanum, silicon, hafnium, tantalum, tungsten,
niobium, zirconium, ytterbium, cerium or mixtures
thereof. The amount added would be varied dependent on
the purpose of the addition but in most applications an
amount between 0.5 to 10, preferably between 1 to 7
based on the weight of the MCrAlY powder composition



'oxygen-carbon ratio the coating was nore stable in |long-ter Bﬁ?kﬁﬁﬁwﬁpTSHEET-
testing. At the 1.06:1 oxygen to carbon ratio the resultant |coati @ Sh&EBt
best conbination of lowinitial oxidation rate and |ong- tefnP8Ridarion """ -

resi stance. Table 3 Average Quter Al um nide Depletion Zone Plus Oxi de Scal e

Thi ckness (mls) [err] [err] Oxygen: *D-gun Car bon 114

250 80 160 Coating ratio Hour s Hour s Hour s Hours A
1.00:1 .35 1.31 . 26 . 288pB- 1.03:1 . 38 . 46

.32 .57 C 1.06:1 .52 .42 31 .41 *Starting

powder conposi twowldobeasnitablengsExamples of suitable powder .
compositions are shown in Table 1.

TABLE 1
Elements - weight percent of Composition
COMPOSITION Co Ni Cx Al Y Ta
Nicraly - Bal. 15-25 7-14 0.1-1
CoCrAlY Bal. -- 10-50 4-12 0.1-1
NiCoCrAlY 10-40  Bal. 17-30  7-16 0.1-1
CoCrAl¥YTa 30-83 -~ 10-50 4-12 0.1-1 1-5
NiCrAl¥YTa - 47-72 15-25 7-14 0.1-1 1-8

*Bal - balance of weight

The combustible gas of the gaseous fuel-oxidant
mixture for this invention could be at least one gas
from the group consisting of acetylene (C)H,),
propylene (C,H;), methane (CH,), methyl acetylene (C,H,),
propane (C;H;), ethane (C)Hy), butadienes (C,H),
butylénes (C,Hy) , butanes (C,H,,), cyclopropane (C;H¢),
propadiene (C,H,), cyclobutane (C,H;), and ethylene
oxide (C,H;0). The preferred fuel mixture would
comprise acetylene gas alone or mixed with at least one
other combustible gas such as propylene.

If desired, an inert gas such as nitrogen could be
added to the gaseous fuel mixture in an amount of 20 to
50, preferably 30 to 40 volume percent based on the
volume of the combustible fuel and oxygen. Using a
-detonation gun, the flow rate of the gaseous
fuel-oxidant mixture can vary between 10 to 14,
preferably between 11 to 13 cubic feet per minute and
the fire rate can vary from 4 to 10, preferably 7 to 9
times per second. The powder feed rate in the barrel
could vary between 5 to 35, preferably between 15 to 25
grams per minute. The parameters would be selected so
that the desired amount of oxygen would be available to



22.2 Co-17 Cr-14.2 AI-0.7Y-Bal NI Exanple 3 Coating C of AMEPEACEMENT SHEET
chemi cal ly anal yzed for its oxygen and carbon content (Tabllg 4). E@gggggqags
tthe chem cal analysis of the coating, the anobunt of [err] gnoawl2@3Ywekie M.,
cal cul ated assuming equilibriumand that all oxygen was con '
nost stable oxides. It was found that the detonation gun coating converted

all the Yto [err] and a m nor anount of [err] For exanple, Coating C had a
cal cul ated total dispersed oxide content of 9.1 vol. percent.
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react with the aluminum and yt;riuﬁ.to form the amount

of Al,0, and Y,0, desired in the final coating.

Another method of producing the coating of this
invention may be the high velocity oxy-fuel, including
the so-called hypersonic flame spray coating processes.
In these processes, oxygen and a fuel gas are
continuously combusted thereby forming a high velocity
gas stream into which the powdered material of the
coating composition is injected. The powder particles
are heated to near their melting point, accelerated and
impinged upon the surface to be coated. Upon impact,
the powder particles flow outward forming overlapping
thin, lenticular particles and splats. When using the
high velocity oxy-fuel technique with a carbon-
containing type fuel for depositing the coating, then
the oxygen to fuel ratio in cubic feet per hour should
be between 9 to 1 and 4 to 1, prefe:ably between 7 to 1
and 5 to 1. When using the high vélocity oxy-fuel
technique with a hydrogen fuel then the oxygen to
hydrogen ratio, on the basis of moles of gas, should be
greater than 0.5 to 1.

The coating materials of this invention are
ideally suited for coating substrates made of materials
.such as titanium, steel, aluminum, nickel, cobalt,
alloys thereof and'the like.

EXAMPLE 1
Three coatings were prepared on IN718 substrate
pins, heat freated (4 hours at 1975°F in vacuum),
finished smooth, and peened. Samples of each coating
were run in two cyclic oxidation tests, at 1900°F and
2000°F. In these tests, the coated pins were cycled
into the hot zone for 50 minutes, then withdrawn to



Table 4 Measured wt %

Carbon [err] %Y in [err]
tn Ratio

2.34 1.05 1.2 100

1.1 100.00 0 12.50

fromthe spirit and scope of the invention.

7.9 10.74 18.40 Baseline

Cal cul ated Vol . % Coati ng
Al* %Al Carbon
A1203
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O Plasma Coating * percent by weight It is
to be understood that nodifications and changes to the preferred enbodi nent
of the invention herein shown and describdd® can be nmade without departing

For exanpl e,

t he coating of

this invention cgel dide Ldainutesh Afopr|tertest ztheopinstwepeoduce a
good dupl ex tr“%fggsiggéﬁfgnéﬁ¥“ﬁéﬁhted in epoxy and polished to

reveal the extent of the surface oxide layer and the
underlying aluminide depletion layer.

The three coatings were: Coating A made with a
plasma torch with coaxial argon shielding; Coating B
made with a detonation gun (D-Gun) at atomic ratio of
oxygen to carbon of 1.06 to 1.00 using the identical
powder lot used for the blasma torch Coating A; and
Coating C made with a detonation gun at atomic ratio of
oxygen to carbon of 1.06 to 1.00 using a powder which
was identical to the powder lot used in Coating A
except that additional aluminum was added to compensate
for the amount of metallic aluminum that would be
converted to aluminum oxide during the detonation gun
process.

if was found (Table 2) that the baseline plasma
torch coating gave good okidation resistance, with
small values of outer aluminide depletion and oxide
scale thickness, indicative of a long-life coating.

The D-gun version of the same powder had comparable
life at 2000°F but had significantly less oxidation
resistance at 1900°F. This is likely due to the lesser
residual aluminum in the metallic alloy of the coating,
approximately 2 percent aluminum having been converted
At 2000°F, the oxide dispersion

apparently helps maintain oxidation resistance in this

to aluminum oxide.
coating despite the lower metallic aluminum. Finally,
the D-gun coating made with the aluminum-compensated
powder was found to be significantly better than either
of the other coatings, especially apparent after long
times of testing. It was depleted to only one-half the

extent of the plasma coating after 250 hours at 1900°F
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process for producing a MCrAl Y-based coating wherein Mis sgl ected IS
group consisting of iron, cobalt, nickel and mi xtures thereﬂfDm&hlg 4
conprises the thermal spraying by detonation gun neans of a

powder conposition onto the surface of a substrate using a gaseous
fuel -oxi dant m xture conprising an oxidant, and at | east one conbusti bl e gas
sel ected fromthe group of saturated and uh ﬁafurated hydr ocar bons in which

the atom c ratlo 8fwg§ —Eﬁlrgrgggslaepi @%%na%t0451%% %o%@% %tlo to 1; a
' 2000°F. This coating had the benefit of high metallic
aluminum content plus the coating process induced

‘P?B”@ﬂ

dispersion of aluminum oxide throughout the coating.

Table 2
| Average Outer Aluminide
Depletion Zone Plus Oxide
Scale Thickness {(mils)
1900°F 2000°F
Coating Oxygen: 114 250 80 160
Device Carbon . | Hours Hours Hours |Hours
ratio
*A-Plasma
torch - .33 .97 .45 .61
*B) -D-Gun 1.06 .59 ctg .46 .54
gone _
**C})-D-Gun |[1.06 .49 .48 .31 " {.41

Powder, Compositions:
* 21.8Co-17.2Cr-12.5A1-0.6Y~balance Ni;
*% 22.2C0-17.0Cr-14.4A1-0.7Y-balance Ni

Examglé 2
Three coatings were made using the aluminum-

compensate powder with the detonation gun employing
oxygen and propylene gas mixtures in varying
proportions to produce different oxygen to carbon
ratios. The coatings were on IN718 pins, and were heat
treated and finished after coating and oxidation tested
as described in Example 1.

It was found that at the low oxygen to carbon
ratio of 1.60:1, the coatings were initially very
oxidation -resistant, as shown by the data of Table 3.at
114 hours at 1900°F and 80 hours at 2000°F. At longer
times, however, the coating has relatively high
depletion values at both temperatures. At the 1.03:1

EREPLIACEMENT SHEET




substantial anount of the yttriumis converted to Y203; a | LAGRWENT SHEET
alumnumis converted to [err] and the oxide phase of the

. . | um n a;gp Eqﬁ
yttriumis less than 15 vol une percent of the coating. 2. D?ﬁ%"gg%ee SO

claiml wherein the coated substrate is heated to a- tenperature above
[err] for a tinme period sufficient to stabilize the reaction of the oxygen
fromthe fuel-oxidant m xture with yttriumand al um num fromthe powder
conposition to formthe desired amount ef 1perr] and [err] 3. The process
of claim1l wherein the MorAl Y- based powder conposition further contains at

| east one of thgwidrRbee!ratied thoraddteimy ays aforseatdibig drhori um

| ant hanum silicdn, hafnium _tantalum. ceriu t.yngst ni Qhi u Zi rconi um
and ytterbri umlong-tem gigdaddonitesying 1 ré}%sltfld;s:c]bm&qr%lt@ gas is

a mxture of aceipHA &b HHPWeHfltant coating had the best
combination of low initial oxidation rate and long-
term oxidation resistance.

Table 3
Average Outer Aluminide Depletion
Zone Plus Oxide Scale Thickness
(mils)
1900°F 2000°F
Oxygen:
*D-gun Carbon 114 250 80 160
Coating |ratio Hours - |Hours Hours Hours
A 1.00:1  [.35 1.31 .26 .48
B 1.03:1 .38 .46 .32 .57
(o 1.06:1 .52 .42 .31 .41

*Starting powder composition for all coatings:
22.2 Co-17 Cr-14.2 Al-0.7Y-Bal Ni

Eiamgle 3

Coating C of Example 2 was chemically analyzed for
its oxygen and carbon content (Table 4). Based on the

chemical analysis of the coating, the amount of Y,0,

‘and Al,0, were calculated assuming equilibrium and that

all oxygen was converted to the most stable oxides.

It was found that the detonation gun coating
converted all the Y to Y,0, and a minor amount of'Algh.
For example, Coating C had a calculated total dispérsed
oxide content of 9.1 vol. percent.

pra



and the atomic ratio of oxygen to carbon is between REPL QEM@XEgﬁﬁﬂﬂgHEET
Date :05 FEB 1996 - 15 - 1.05to 1 and 1.10 to 1; a substantial

to [err] and the oxide phase of the alum numand yttriumis

vol une percent of the coating. 5. The process of claim1l wherein the
conbustible gas is a m xture of acetylene and propyl ene and the atomc
rati o of oxygen to carbon is between 1.05 &3 4 and 1.08 to 1; a substanti al
anount of the yttriumis converted to Y203; a m nor anmount of

Table 4
Measured wt % Calculated Vol. %

Cocating Oxygen: |Oxygen |Carbon | Y,0, $ Y in Al,0, Al* 1% Al

Carbon Y,0,* in

Ratio al,0,*
C D-Gun 1.06:1 2.34 1.05 1.2 100 7.9 | 10.74] 18.40
Baseline - . 0.15 0.01 1.1 100.00 0] 12.50 4]
Plasma
Coating

* percent by weight

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, the coating of this invention could be
coatéq with a top layer of zirconia to produce a good
duplex thermal barrier coating.



alumnumis converted to [err] and the oxi de phase of the allﬁgpu@g@m% TSHEET
yttriumis less than 15 vol unme percent of the coating. 6. process
produci ng a MCr Al Y-based coating wherein Mis selected from mgugr ,,,,,, ﬁhfﬁﬂ 1996
consi sting of iron, cobalt, nickel and mixtures thereof, whi'th—eospeigas " |

t he t her mal spraying by high vel ocity oxy- fuel neans of a NCrAIY—based
powder conposition onto the surface of a substrate u3|ng a gaseous

fuel - oxi dant mi xture conprising an oxi dantt4and at |east o Emn ﬂ"ﬂ s
sel ected fromthe group of saturated and unsaturated hydrﬂm H“IH ”m
the oxygen to fARat rig Glaimedibi c feet per hour is between*9 to'l dndS4 to
1; a substantial anount of the yttriumis converted to [err] a m nor anount

of alum numis converted to [err] and the oxi de phase of the al um num and
yttriumis | ess thanl 15 VbIRFRCES cEe¥ BFodweing a MCrAlY-based

coating wherein M is selected from the group consisting

of iron, cobalt, nickel and mixtures thereof, which
comprises the thermal spraying by detonation gun means
of a MCrAlY-based powder composition onto the surface
of a substrate using a gaseous fuel-oxidant mixture
comprising an oxidant and at least one combustible gas
selected from the group of saturated and unsaturated
.hydrocarbons in which the atomic ratio of oxygen to
carbon is between 1.045 to 1 and 1.10 to 1; a
substantial amount of the yttrium is converted to Y,0;;
a minor amount of aluminum is converted to Alg% and
the oxide phase of the aluminum and yttrium is less
than 15 volume percent of the coating.

2. The process of claim 1 wherein the coated
substfate is heated to a- temperature above 800°C for a
time period sufficient to stabilize the reaction of the
oxygen from the fuel-oxidant mixture with yttrium and
aluminum from the powder composition to form the

desired amount of Y,0, and Al,O,.

3. The process of claim 1 wherein the MCrAlY-
based powder composition further contains at least one
of the elements selected from the group of scandium,
thorium, lanthanum, silicon, hafnium, tantalum, cerium,
tungsten, njobium, zirconium and ytterbrium. '

4. The process of claim 1 wherein the
combustible gas is a mixture of acetylene and propylene
and the atomic ratio of oxygen to carbon is between



coating. 7. The process of claim6 wherein the coated subs REPEA¢§WE§E§HGET
to a tenperature above [err] for a REPLACEMENT SHEET Dat ¢ EE?.’ ]&?m
-16- tinme period sufficient to stabilize the reaction of thdg ﬂmyge -----
the fuel -oxidant m xture with yttrium and al um num fr om-the-=*
conposition to formthe desired amount of [err] and [ert]

of claim®6 wherein the MCrAl Y- based powder_ conposition fm mmm t
| east one of the elenents selected fromtHR&® group of sca

| ant hanum silicon, hafnium tantal um
1.05 to 1 and 1.10 to 1; a substantial amount of the

yttrium is converted to Y,0,; a minor amount of

aluminum is converted to Al,0,, and the oxide phase of
the aluminum and yttrium is less than 15 volume percent

of the coating.

5. The process of claim 1 wherein the _
combustible gas is a mixture of acetylene and propylene
and the atomic ratio of oxygen to carbon is between
1.05 to 1 and 1.08 to 1; a substantial amount of the
yttrium is converted to Y,0,; a minor amount of
aluminum is converted to Al,0,, and the oxide phase of
the aluminum and yttrium is less than 15 volume percent
of the coating.

6. A process for producing a MCrAlY-based
coatiﬂé wherein M is selected from the group consisting
of iron, cobait, nickel and mixtures thereof, which
comprises the thermal spraying by high velocity oxy-
fuel means of a MCrAlY-based powder composition onto
the surface of a substrate using a gaseous fuel-oxidant
mixture comprising an oxidant and at least one
combustible gas selected from the group of saturated
and unsaturated hydrocarbons in which the oxygen to
fuel ratio in cubic feet per hour is between 9 to 1 and
4 to 1; a substantial amount of the yttrium is
converted to Y,0,, a minor amount of aluminum is
converted to Al,0, and the oxide phase of the aluminum
and yttrium_.is less than 15 volume percent of the
coating. -

7. The process of claim 6 wherein the coated
substrate is heated to a temperature above 800°C for a



produci ng a Mcr Al Y-based coating wherein Mis selected from
consi sting of iron, cobalt, nickel and m xtures thereof, [
the thermal spraying by high velocity oxy- fuel neans
powder conposition onto the surface of a substrate usin Qus
fuel - oxi dant m xture conprising an oxidant and hydroge-nﬁﬂw ' ﬂmnmr)
hydrogen ratio on the basis of noles of gds$ is greateﬂ t ¢ 4

substantial anount of the yttriumis converted to [err] a mnor anount “of
al um num i s convimé eperbofesuffantlenhetoxstiabphiize bhet heaat iionnofn tinel

yttriumis less than 15 vol ent . of . ' 0 sfrate

coated with a tPeYFRF gﬁ?%ygﬁglgﬁég Q%ﬁ%??gPﬁbﬁggk%p§$9&b%5€%fﬁﬁt%? al

wherein Mis sedbatbhuhr Sromhehgr popdeonsosposjtodéni tonformbihe,
desired amount of Y,0, and Al,O,.

tungsten, niobium zirconium ceriumand ytterbium 9. A REPP : .
RE gﬁ%%l@]ém SHEET
omik 9sFEB 1996

8. The process of claim 6 wherein the MCrAlyY-
based powder composition further contains at least one
of the elements selecte&_from the group of scandium,
thorium, lanthanum, silicon, hafnium, tantalum,

tungsten, niobium, zirconium, cerium and ytterbium.

9. A process for producing a MCrAlY-based
coating wherein M is selected from the group consisting
of iron, cobalt, nickel and mixtures thereof, which
compriées the thermal spraying by high velocity oxy-
fuel means of a MCrAlY-based powder composition onto
the sﬁrface of a substrate using a gaseous fuel-oxidant
mixture comprising an oxidant and hydrogen and the
oxygen to hydrogen ratio on the basis of moles of gas
is greater than 0.5 to 1; a substantial amount of the
yttrium is converted to Y,0,, a minor amount of
aluminum is converted to Al,0, and the oxide phase of
the aluminum and yttrium is less than 15 volume percent
of the7coating.

10. A substrate coated with a thermal sprayed
layer comprising a MCrAlY-based material wherein M is
selected from the group consisting of iron, cobalt,
nickel and mixtures thereof and wherein at least 90
percent by weight of the yttrium component is in the
form Y,0,; up to 30 percent by weight of the aluminum
component is in the form of Al,0, and wherein said Y,0,



ni tkel and nixtures thereof and wherein at |east 90 per cent| REPLXCENENTOSHEET

the yttrium conponent is in the formY203; up to 30 percent| by f
t he al um num conponent is in the formof [err] and wherein s[aatdw\aggtﬁ%m

REPLACEMENT. SHEET Date: 05 FEB 1996 - 17 - and Al1203 are pre e+
amount of |ess than 15 vol une percent of the coating.
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and Al,0, are present in an amount of less than 15
volume percént of the coating. [

R
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A PROCESS FOR PRODUCING AN OXIDE
DISPERSED MCrAlY-BASED COATING

Bbstract

A thermal spray process for producing a MCrAlY-
based coating wherein M is selected from the group
consisting of iron, cobalt, nickel and mixtures thereof
and wherein the oxygen in the fuel-oxidant mixture of
the thermal spray process converts a substantial
portion of the yttrium component to Y,0,, a minor
portion of the aluminum component to Al,0,, and the Y,0,
and Al,0, are present in an amount of less than 15

volume percent of the coating.



