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A PROCESS FOR PRODUCING CARBIDE PARTICLES
DISPERSED IN A MCrAlY-BASED COATING

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 carbon in the fuel mixture
is used to react with one or more elements in the powder
to form carbide particles substantially dispersed
throughout the coating. |

Backg;ound'of the Invention

There are many good oxidatioh 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 componenfs utilized in gaé
turbine ehginés. 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 wére initially used to
provide a corrosion resistant outer layer but such layer
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used to thermally induced strain. Another class of coatings
developed was the MCrAlY overlay 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 extendihg
the useful life of allby 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. 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 §uperélloys, 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 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 gréup 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
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It is object of the present invention is to provide
a thermal spray process for producing a MCrAlY- based
coating having a carbide dispersion throughout the
coatiné. |

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

Another object of the present invention is to
provide a MCrAlY-based coating wherein the chromium
component is substantially in the elemental chromium
form with a minor amount in the chromium carbide 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 1.044 to 1
and 1.00 to 1, preferably between 1.02 to 1 and 1.00 to
1, and most preferably about 1.00 to 1, and the coated
layer having between 70 and 100 percent by weight of the
carbon component in the form of a carbide, preferably 90
to 100 by weight of the carbon component in the form of
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in the coating in an amount of between 1 and 2.5 weight
percent, more preferably about 2 weight percent based on
the weight of the coating. .

Flame plating by means of detonation'uSing a
detonating 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 fﬁel 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 the
disclosure was recited in full text in this
specification. In some applicationé it may be desirable
to dilute the oxygen-acetylene fuel mixture with an
inert gas such as nitrogen or argon. The gaseous
diluent ha$ been found to reduce the flame temperature
since it does not pérticipate in the detonation
reaction. U.S. Patent No. 2,972,550 discloses the
process of diluting the oxygen-acetylene fuel mixture to
enable the detonation-plating process to be used with an
increased number of coating 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
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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
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It is desirable to have both elemental chromiuﬁ and
chromium carbide dispersed in the coating since the
chromium carbide phase helps to prevent creep at high
temperatures and the elemental chromium phase also
provides good corrosion resistance characteristics to
the coating at elevated temperatures. It is believed
that the presence of chromium in the coating has a
synergistic type of effect on the aluminum component of
the coating in that it increases the affinity of
aluminum to react with the oxygen to form Al;%lon the
surface of the éoating so it will effectively stabilize
the formation of A0, quickly thus leaving excess
elemental aluminum dispersed throughout the coating.

The higher addition of carbon in the gasedus fuel can be
used to react with the chromium to form chromium carbide
while being held insufficient in amount so that
elemental chromium will still be present and dispersed
throughout the coating. Generally, it is expected that
the carbon will combine with chromium to form Cr,,C,
and/or Cr,C, which may produce useful and beneficial
changes in the mechanical properties of the coating.
However, in oxidizing or sulfidizing environments, it
would generally be better to have some elemental
chromium in the coating. Therefore, the amount of
chromium carbide and chromium in the coating will depend

on the particular application and environment in which
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that the proper amount of chromium carbide and elemental
chromium'is maintained. It is also an option to add
other elemental components to the composition which have
2 higher free energy of formation reaction with carbon
so that these elemental carbides could add strengthening
characteristics to the coating. Examples of these
elements are titanium, tantalum, tungsten, nobium,
vanadium and zirconium and generally will be
substantially converted to form a carbide, such as 90 or
greater percent by weight will be in a carbide phase.

It has been observed that these elemental carbides are
formed in preference to Cr,,C, and/or Cr,C, so that with
the additional element added, more of the chromium will
remain in the elemental form. By proper adjustment of
the components of the powder composition, a coating can
be produced that has a desired dispersant of chromium
and chromium carbide, and if desired, one or more
elemental carbides that could enhance the '
characteristics of the coating for a particular
application. Thus the use of-barbon—containing fuels
for thermally depositing coatings.can be used to produce
a class of MCrAlY coatings with intentionaliy added
carbide phases in order to further control the
mechanical and other properties of the coating. The
metallic starting powders can be used with the carbon-
from the gaseous fuel to create the amount of and the
desired carbide phase in the coating. If desired,
additional components can be added to the powder
composition to preferentially_form carbides of interest

and to decrease the conversion of too much of the



NCTAIY—based coating wherein Mis selected fromthe group $L S BEEN
iron, cobalt, ni cbegoggg m Xt ures thwﬁmfx Besdn Replipd | ses %&

sprayi ng, such as’b onation gun IY—baseE=gg£E§
conposition onto the surface of a sub gaseous fuel - oxi dant

m xture conprising an oxidant and at | east one conpusti bl e gas sel ected
fromthe group of saturated and unsaturated hydrocarbons in which the
atomc ratio of oxygen to carbon is between 1.9044 to 1 and 1.00 to 1,
preferably between 1.02 to 1 and 1.00 to 1, and nost_ preferably about 1.00

to 1, and the coach#omiymr thafory Gerombm rEHdeL0d thdec SesiBabhei §At of
the carbon conpongagel Bt Ngaber v %efg&@rﬁef&nﬁor Pravraltap190 a0 18849tbyo

wei ght of the carbon conponent in the formo
weight percent, of the chromlum component of the coating
in the form of chromium carbide so that additional
mechanical strength can be imparted to the coating. At
least 25 weight percenf of the chromium should repain in
the elemental chromium phase so that the coating will
have good corrosion resistance characteristics.

A feature of the present invention is that a higher

. chromium concentration can be used in the MCrAlY-based
powder composition since some of the chromium will
react with the carbon from the fuel mixture to form a
chromium carbide. The carbide phases generated with the
gaseous fuel-oxidant mixture and the MCrAlY-based powder
composition occurs such that some of the chromium will
react with carbon since chromium has the highest free
energy of formation of the components so that chromium
will be converted to Cr,, C, and/or Cr,C, ._Specificelly,
at least 30 to 80 percent by weight of chromium shall be
converted to chromium carbide and preferably 40 to 70
percent by weight of chromium should be converted to
chromium carbide. 1In accordance with this invention, a
higher chromium content in the MCrAlY-based powder
composition can be used to compensate for the amount

- that will form chromium carbide.

‘The coatings of this invention can be used as a
single layer environmental MCrAlY-based coating or as an
enhanced bond coat for thermal barrier coatings. The
powders for use in this invention are preferably powders
made by the vacuum-melted argon-atomization process.

To control the portion of the chromium carbide that
will be form in the coating, the atomic ratio of oxygen
to carbon in the gaseous fuel-oxidant mixture can be
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amount of chromium will be converted to chromium
carbide. _ '

When using detonation gun techniques, the short
-period that the powder particles are in the gun chamber
may be insufficient to create the desired equilibrium
carbide dispersion in the coating and therefore a heat
treatment may be advisable to complete the reaction and
thereby stabilize the formation of the carbides. 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 carbides.
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, prefefably from 15 fo 40'weight percent and
most preferably from 17 to 30 wéight 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 per.cent, and
balance being iron, cobalt, nickel or mixtures thereof.
If desired, other compohents could be added to the
powder composition such as scandium, lanthanum, silicon,
hafnium, vanadium, titanium, tantalum, tungsten,
niobium, zirconium, ytterbium, cerium and mixtures
thereof. The amount of the additional component 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
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Elements - weight percent of Composition
_COMPOSITION Co Ni Cr Al Y . Ta Nb
NiCrAlY —— Bal. 15-25 7-14 0.1-1
CoCrAlY Bal. ——— 10-50 4-12 0.1-1
NiCoCrAlY 10-40 |RBal. 17-30 7-16 0.1-1
NiCoCrAlYNDL |[10-40 |Bal. 17-30 4-16 0.1-1 2-8
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 by 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,Hy) , methane kCH4); methyl_qcetylene (C,H,) » propane

(C;Hy) , ethane (C,H,), butadienes (CJ%?, butylenes.(cgg),

butanes (CJL;), cyclopropane (C,H.}, propadiene (CH,),
cyclobutane (CH;}, and ethylene oxide (C,H;0). The
preferred fuel mixture would comprise acetylene gas
alone or mixed with at leést 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 10-14, 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
éecond. The powder feed rate could vary between 5 to
35, preferably between 15 to 25 grams per minute. The
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to form the amount of chromium carbide 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 coatlng, then
the oxygen to fuel ratio in cubic feet per hour should
be a low oxygen such that the ratio is between 4 to 1
and 1 to 1, preferably between 3 to 1 and 2 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 treated (4 hrs. at 1975°F in vacuum), finished
smooth and peened. Samples of each coating were run in
a cyclic oxidation test at 2000°F, where the sample were
cycled into the hot zone for 50 minutes, then withdrawn
to cool for 10 minutes. After the test the pins were

cross-sectioned, mounted in epoxy and polished to reveal
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can be The first two coatings (A and B) were made from the
same powder using a deténation gun process with oxygen
and propylene gas mixtures in varying proportions to
produce different oxygen to carbon ratios. The third
éoating was a baseline coating for comparison, made
using a plasma tordh with coaxial argon shielding.

The plasma torch coating was made from a NiCoCrAlY
powder of composition given in Table 2. The detonation
gun coatings were made with powders having additional
aluminum to compensate for the metallic aluminum content
that would be converted to aluminum oxide, thus giving
about the same residual metallic aluminum as the plasma
coating. In addition, the powder for the detonation gun
coating had 5.0 wt. percent Nb added in accordance with
this invention to actively combine with the carbon
coming from the detonation gun process.

The coatings' Vickers nicrohardness was measured
(Table 2). It was found that the detonation gun
coatings were about 40 percent harder than the baseline
plasma coating. The oxidation test results show the
detonation gun coatings have comparable, but slightly
less, oxidation resistance than the baseline plasma
coatings. '

Thus for applications where both high hardness and '
good oxidation resistance are important, such as in
coating a turbine blade z-notch to resist fretting wear
or in creep- resisting'coating applications for high
temperatures, the detonation gun coatings should be
superior to the conventional plasma coating since it
provides carbon to form a carbide dispersion throughout

the coating. N
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Average Outer
Aluminide Depletion
Plus Oxide Scale
Thickness (Mils)
*D-Gun Oxygen Coating
Coating Carbon Hardness 2000°F
Ratio -HV ,
) 80 hours 160 hours
A 1.00:1 602 : 0.51 0.91
B 1.03:1 586 0.53 0.81
Plasma - 431 0.45 0.61

Starting powder compoéitidn for Coating A and B by
weight percent: 21.8 Co0-16.9 Cr-14.2 Al-0.65 Y-5 Nb-Bal
Ni

Starting powder composition for Plasma Coating by weight
percent: 21.8 Co-17.2 Cr-12.5 Al-0.6 Y-Bal Ni

EXAMPLE 2

The two detonation gun coatings of Example 1 were
chemicaily analyzed for their oxygen and carbon contents
were determined and are shown in Table 3. 1In addition,
two detonation gun coatings with oxygen to carbon ratios
as shown in Table 3 were made from a similar composition
powder, except there being no niobium addition and these
Coatings C and D were likewise chemically analyzed. A
baseline plasma torch Coating E was made from a similar
but lower aluminum NiCoCrAlY powder and was also
chemically analyzed. ~The amounts of the different
phases in the coatings were calculated, based on those
chemical analyses. The oxygen was assumed to form the
equilibrium highest stability oxides, forming Y,0, and
then some Al,0,. The carbon was assumed to form the

EYp———
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correspondingly less Cr,C, formation and thus more

" residual metallic chromium. As the oxygen to carbon
ratio is increased, the amount of Al,0, increase, the
amount of Cr,C, decreases, and the NbC remains constant
for the range of carbon obtained in these coatings (See
Coatings A and B). ' '

The amount of residual metallic chromium may thus
be controlled by the amount and type of the metallic
element M added, where M 1s a strong MC-type carblde
former, and is addltlonally controlled by the oxygen to
carbon ratio of the coating process. Further, the ratio
of the dispersed oxide to the dispersed carbide phase is
controlled by the oxygen to carbon ratio of the coating

_process and coétings within the range of 1.00:1 to
1.03:1 were shown in Example 1 to have broadly similar
hardness and oxidation resistance. Thus. the coating
process conditions can be chosen to favor a higher
carbide dispersion, depending on the intended
application.

It was found that the Nb containing coatings A and
B were substantially harder than the baseline plasma
coating as shown in Table 2. 1In addition, the hardness
of the coatings without Nb (Coatings C and D) were both
found to have a hardness of about 550 HV,. Thus the
further effect of Nb is to increase hardness of the
coating, which is expected to be beneficial in coating
‘applications where high hardness, creep resistance, or
high temperature strength are requiréd. The use of MC
carbides, such as NbC, is expected to have greater



formed in preference to [err] and/or [err] so that WTh t he||aniistSHERIHAS BEEN

‘el enent added, rr#)r%?ﬁ%t he chrom um %jsgh&ﬁmh&nikgﬁm el enint al REPLACER

proper adj ustment e conponents of nposi ti ef,—a-coatrng
can be produced that has a desired di s
carbide, and if desired, one or nore el

om um and chrom um

des that could enhance -
the characteristics of the coating for a particular application. Thus the °
use of carbon-containing fuels for thernal14 depositing coatings can be
used to produce a class of MCrAl'Y coati ngs with intentionally added carbide
phases in order higher ttempaxstiuns stebidddvangeansingoduhidenprgpehanes of
the coating. ThecsiRlabli fodalddthRAIIENDIGRA 1% EA.0sUble! ﬁg::se#m from
t he gaseous fuel t0*create the anount of the desired tarbi de ase in
the coating.  |f drienafion-gun coating.




qdditibnal conponents can ‘be added to the powder conposition j dHIS SHEET HAS BEEN
preferentially formcarbides of interest and to decrease the KonverRERWMAGED

too nuch of the REPLACEVMENT SHEET Date: 05 FEB 1996 -7- chromrum<to form
chromum carbide. It is desirable to have at |east 30 wei ght percent,
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coating in the formof chrom um carbide so that additional RRCHaRHGEHeen Replaced
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have good corrosion resistance characteristi cs. A feature of| THIe SHEETEHAS BEEN
i'lnvention is thab 2058 he chronlunﬂheﬁm%WH be us#d i n REBRLACED

MCr Al Y- based po ﬁp05|t|on S|nce hr om um Wit —Teact W tH——
the carbon fromthe fuel mxture to f car bi de. The carbi de
phases generated with the gaseous fuel -oxi dant m xture and the MCrAl Y-based
powder conposition occurs such that sonme of the chromumw Il react with
carbon since chrom um has the highest freelénergy of formation of the
conmponents so that chromumw Il be converted to [err] and/or Cr3C2 .
Specifically, at | eastIt3®Stb0810e pemd;mtmd vidiathmogti fdlgaddions shdl | be
converted 1o ChraRLUELEALS! So AbH PLAIE Ahlnodihdiit 63 RECAeRY 18RI oNt Of

chr om um shoul d verte romum car n accor ance wth this

i nvention, a hi gh@i—‘eéﬁr shoum apGit describedhcanobn nases il theudedeparting

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.



conpos1t|on can be used to conpensateyfQf th g& hat ITHI$ 8HRET HAS BEEN

chr om um car bi @s-200%3 coatings of this oo e us as &HREALAGED
| ayer environnental MCrAl Y-based coati mﬂ Hmlm Ilhanced ona- coat 101,

thermal barrier coatings. The pomders S i nvention—are

preferably powders nmade by the vacuum nelted argon- atonizatl

control the portion of the chrom um carbi- ig that will be for;ml“ lmam "I‘]mm
o]

coating, the aton1c ratlo of oxygen to ca n in the gaseous % uel - o
m xture can be QSFMEﬂliSHEET Date: 05 FEB 1996 -8-

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 cémprises 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 froﬁ the group of saturated and unsaturated
hydrocarbons in which the atomic ratio of oxygen to
carbon is between 1.044 to 1 and 1.00 to 1 and the
coated layer having between 30 and 80 percent by weight
of the chromium component in the form of chromium
carbide; and the carbon is present in an amount of at

‘least 1% percent by weight of the coating.

2. The process of élaim 1 wherein the coated
substrate is heated to a temperature above 800°C for a
time period sufficient to stabilize the reaction of the
carbon from the fuel-oxidant mixture with the chromium
in the powder composition to form the desired amount of

- chromium carbide.

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

ytterbium.

4, The process of claim 1 wherein the combustible
gas is a mixture of acetylene and propylene; the atomic



adj ust'ed between 1.044 to 1 and 1. 08hit shedrrad B&Gn RESALET tNE Edmm$SHEET9¢ﬁ;BEEN

carbon'in the Ds@007Bhe greater the umwil | |pe corRERUAGED O
chrom um car bi de. When usi ng detonati [lm,lm Wues, t he per ot
t hat the powder particles are in the be insufficient to

create the desired equilibrium carbide dispersion in the coa’ n m!ml HHIHWH
therefore a heat treatnent may be advisgbig to conplete the " 3
[

thereby stabilize the formati on of the carbi des.” The heat treatnent cou
be conducted at_ _[err r..above referabl, t r or, veg far '
period to subst: Pahf3°§‘[ygﬁﬂ i’tfg(%‘fg)o or”%aﬁec?hu"%c?ﬂ tlﬁgzgg'r ?Ldeagl.d ?‘Htg(ﬁsrre
period of the Rkeatli;ngnst detweend 4ide ando B2 peacehthbyr weighdf efalilhe from 3

to 5 hours. The, Mid RAEeHherY ™A the®2odt iy 18 M orn of
chromium carbide. ' '

5. 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 4 to 1 and 1 to 1 and the
coated layer having between 30 and 75 percent by weight
of the chromium component in the coating in the form of ~
chromium carbide. ' '

. 6. The process of claim 5 wherein the coated
substrate is heated to a temperature above 800°C for a
time period sufficient to stabilize the reaction of the
carbon from the fuel-oxidant mixture with the chromium
in the powder composition to form the desired amount of
chromium carbide. '

7. The process of claim 5 wherein the MCrAly-
based powder composition further contains at least one
of the elements selected from the group of scandium,
lanthanum, silicon, hafnium, tantalum, zirconium,

tungsten, vanadium, cerium, niobium and ytterbium.



cqul d ‘have chrom umin an anount frﬂmﬁ@tﬁ&ﬁé&%i&ﬁt percenﬂ,“ﬂ'ﬁe‘i*ﬁﬁ%ﬂ BEEN |

from 15 to 40 DeRgb¥3percent and nos rom 17 to 30 wei BRPLACED
percent, alum numin an anount from Bwﬂnmumwu per cent—pfetrefrabty fFrofm—
6 to 18 weight percent and nost pref to 16 wei _
yttriumfromO.1 to 1.0 wei ght percent, preferably fromO. Zﬂwwﬁﬂmﬂmul“' ;
andc ances =

percent and nost preferably fromO0.2 to_ wei ght percent,
being iron, cobalt, nickel or mxtures thefeof. If desired, other

conponents coul d bejaddeq to_th 0 [._¢compasition.such anRdi um
| ant hanum siIicon,shafnﬂuﬁfagﬁﬁagpﬁgﬁrP% a Pﬁﬁfdtgﬁ? Iﬁn?ifgﬁggten,
ni obi um zi r cosprayedt LayeirurpmpeisingaadMCrAl¥-basedematbriaic whemerin of
t he additi onal ,,conponent .added would be varied e he rpQse of
Lhe addi (1 on- ot 2PnSRReEtaRn ERoll thil SEeUR! soRstRREHECRE Thohy° cRbRA®:
nickel and mixtures thereof and wherein between 30 and
80 percent by weight of the chromium component is in

the form of chromium carbide.

9. The coated substrate of claim 8 wherein the
coating contains at least one of the elements selected
from the group of scandium, lanthium, silicon, hafnium,
cerium, ytterbium vanadium, niobium, titanium, tungsten,
tantalum and zirconium; and wherein said element is
substantially in the form of a carbide.

10. The coated substrate of claim 8 wherein the
.sﬁbstrate is selected from this group consisting of
- titanium, steel, aluminum; nickel, cobalt and alloys
thereof. | h ' . |

[ 4
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| AIY powde OB
woul d be suitable. Exanpl es of suitabl sition

the Table 1. Table 1 Elenents - meight npositio
Co N Cr A Ta Nb N' CrAI Y o --- Hmﬁﬁlmm " |||| |
7-14  0.1-1 CoOGrAlY  Bal. - - 10-50 ,4-12  0.1-1 *x ¢ L M s x

A PROCESS FOR PRODUCING CARBIDE PARTICLES
DISPERSED IN A MCrAlY-BASED COATING

Abstract

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 carbon in the fuel of the thermal spray
process converts between 30 to 80 percent by weight of
the chromium component in the .coating to chromium
carbide. |

CFo



N COCrAlY 10-40 Bal. 17-30 7-16 0.1-1 N CoCrAl YNb 1 _ 7
4-16  0.1-1 2.8 CoCrAl YTa 30-83 ---  10-50 R%%LR%SME@ SHEET
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wei ght The conbusti bl e gas of the gaseous fuel -oxidant mxkture FOr THIS

I nvention could be at | east one gas fromthe group consisting of acetylene
[err] propylene [err] nmethane [err] nethyl acetylene [err] propane [err]

et hane (CH6), butadienes [err] butylenes [err] butanes [err] cycl opropane
[err] propadiene [err] cyclobutane [err] and ethylene oxide [err] The
preferred fuel nixture would conprise acetyl dne gas al one or mixed with at

| east one ot her conbustible gas such as propylene. |f _desired, an inert gas

DISPERSED IN A MCrAlY-BASED COATING

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-oxvgen
mixture in which sufficient carbon in the fuel mixture
is used to react with one or more elements in the powder
to form carbide particles substantially dispersed
throughout the coating.

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 problens.
Although wvarious 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



.added to the gaseous fuel mxture in an amount of 20 to 5 %5 égmgmysﬁ@ET
to 40 vol une percent based on the volune of the conbustlble ue

oxygen. Using a detonation gun, the flow rate of the gase u§atguaI50REﬂm .
m xture can vary between 10-14, preferably between 11 to
mnute and the fire rate can vary from4 to 10, preferably 7 to 9 tines per
second. The powder feed rate could vary between 5 to 35, preferably between
15 to 25 grans per mnute. The REPLACEMENT SHEET Date ....05 FEB 1996

- 10 - paraneters woul d be selected so that the desired anount
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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 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.

A current prob1em with conventional MCrAlY coatings
on superalloy substrates is interdiffusion of coating
elements into the substrate and substrate elements intc
the coating after lcng times of high temperature
exposure. 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 protectivé 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 nickel and cobalt or
mixtures thereof. The coatings further contain a small
controlled percentage of héfnium which serves to greatly
improve the adherence and durability of the protective



of carbon woul d be available to react with the chroni umlj BEPLAGEMENT SHRRT;
of chrom um carbide desired in the final coating. Anoth¢g netpfg E@
produci ng the coating of this invention may be the high [y &aEcrt "E y=ruet,
i ncludi ng the so-called hypersonic flane spray coating processes. In these
processes, oxygen and a fuel gas are continuously conbusted thereby form ng
a high velocity gas streaminto which the powlered material of the coating
conposition is injected. The powder particles are heated to near their

mel ting point, accelerated and i npi nged upon the surface to be coated. Upon
| mpact, the powder particles flow outward 8ofrm ng overl apping thin,

| enticular particles and splats. Wen using the high velocity oxy-fuel
techni que with aleadibenfidenbai nthegstypecé uef floe abepisid. nd.iShepa@ahitng,

then No. 4,585,481 discloses a similar coating except that

yttrium and hafnium are used together along with
silicon.

It is object of the present invention is to provide
a thermal spray process for producing a MCrAlY- based
coating having a carbide dispersion throughout the
coating.

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

- Another object of the present invention is to
provide a MCrAlY-based coating wherein the chromium
component is substantially in the elemental chromium
form with a minor amount in the chromium carbide 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 surfaée 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 1.044 to 1
and 1.00 to 1, preferably between 1.02 to 1 and 1.00 to
1, and most preferably about 1.00 to 1, and the coated
layer having between 70 and 100 percent by weight of the
carbon component in the form of a carbide, preferably 90
to 100 by weight of the carbon component in the form of



the oxygen to fuel ratio in cubic feet per hour shoul d be |nREBRAGRYENE SHEET
"that the ratio is between 4 to 1 and 1 to 1, preferably bgfween QEF(FEB
2 to 1. The coating materials of this invention are ideal |l Dai§it-ed-for=="

coating substrates made of materials such as titanium steef,;, arum num

ni ckel, cobalt, alloys thereof and the |ike. EXAMPLE 1 Three coatings were
prepared on I N718 substrate pins, heat treated (4 hrs. at [err] in vacuum,
finished snooth and peened. Sanpl es of each coating were run in a cyclic
oxidation test at [err] where the sanple_wgre cycled into the hot zone for
50 mnutes, then withdrawn to cool for 10 mnutes. After the test the pins

Vere Cross-sectiongghy, MRUNt&AY Ny LRAX Y- aDH4POL! ELRD. 1oL &¥ERIb1Y, the
carbon from the fuel-oxidant mixture.should be present
in the coating in an amount of between 1 and 2.5 weiéht
percent, more preferably about 2 weight percent based on
the weight of the coating.

Flame plating by means of detonation using a
detonating 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 the
disclosure was recited in full text in this
specification. 1In some applicationg 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 detonation-plating process to be used with an
increased number of coating 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



-REPLACEMENT SHEET Date 05 FEB 1996 - 11'- the extent of theRERLACEMENXISHEET
| ayer and the underlying alum nide depletion |ayer. The firnst twy z&bn

(A and B) were made fromthe sane powder using a detonatio gum%ﬁlgﬁ “EQQH
wi th oxygen and propyl ene gas m xtures in varying proporti - f -

di fferent oxygen to carbon ratios. The third coating was a baseline coating
for conparison, made using a plasma torch with coaxial argon shielding. The
pl asma torch coating was nmade froma N CoCrAl'Y powder of composition given
in Table 2. The detonation gun coatings weré rmade w th powders havi ng
addi ti onal

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.
4,902,339 which is incorporated herein by reference as
if the disclosure was recited in full text in this
$pecification. '

It is desirable to have both elemental chromium and
chromium carbide dispersed in the coating since the
chromium carbide phase helps to prevent creep at high
temperatures and the elemental chromium phase also
provides good corrosion resistance characteristics to
the coating at elevated temperatures. It is believed
that the presence of chromium in -thes coating has a
synergistic type of effect on the aluminum component cf
the coating in that it increases the affinity of
aluminum to react with the oxygen to form Al,0, on the
surface of the coating so it will effectively stabilize
the formation of A,0, quickly thus leaving excess |
elemental aluminum dispersed throughout the coating.

The higher addition of carbon in the gaseous fuel can be
used to react with the chromium to form chromium cafbide
.while being held insufficient in amount so that
elemental chromium will still be present and dispersed
throughout the coating. Generaily, it is expected that
the carbon will combine with chromium to form Cr,,C,
and/or Cr,C, which may produce useful and beneficial
changes in the mechanical properties of the coating.
However, in oxidizing or sulfidizing environments, it
would generally be better to have some elemental
chromium in the coating. Therefore, the amount of
chromium carbide and chromium in the coating will depend
on the particular application and environment in which



“-al uninumto conpensate for the metallic al uninum content tHg g
converted to al um num oxi de, thus giving about the sane re Eﬁ%@x y@ﬁﬁ%#EET

al um num as the plasma coating. In addition, the powder for bﬁg_qygpgﬁpggﬁsl

gun coating had 5.0 wt. percent Nb added in accordance wt
to actively conbine with the carbon com ng fromthe detonati on gun process.
The coatings' Vickers m crohardness was neasured (Table 2). It was found
that the detonation gun coatings were about 40 percent harder than the
basel i ne plasma coating. The oxidation test éresults show the detonati on gun
coati ngs have conparable but slightly I ess, oxidation resistance than the
basel i ne pl asma ce® |Cng?stlm§m~leﬂorbeappIEdGat Wohb therbipieh dngintharfiness

and good oxi dati Qb rFissr SEARRE & HY GalsTBAS! 20L1, SYCH: §Rek "bercentage of |
chromium can be used in the powder composition to insure
that the proper amount of chromium carbide and elemental
chromium is maintéined. It is also an option to add '
other elemental components to the composition which have
a& higher free energy of formation reaction with carbon
so that these elemental carbides could add strengthening
characteristics to the coating. Examples of these
elements are titanium, tantalum, tungsten, nobium,
vanadium and zirconium and generally will be
substantially converted to form a carbide, such as 90 or
greater percent by weight will be in a carbide phase.
It has been observed that these elemental carbides are
formed in preference to Cr,,C; and/or Cr,C, so that with
the additional element added, more of the chromium will
remain in the elemental form. By proper adjustment of
the components of the powder composition, a coating can
be produced that has a desired dispersant of chromium
and chromium carbide, and if desired, one or more
elemental carbides that could enhance the
characteristics of the coating for a particular
application. Thus the use of carbon-containing fuels
for thermally depositing coatings can be used to produce
a class of MCrAlY coatings with intentionally added
carbide phases in order to further control the
mechanical and other properties of the coating. The
metallic starting powders can be used with the carbon
from the gaseous fuel to create the amount of and the
desired carbide phase in the coating. If desired,
additional components can be added to the powder
composition to preferentially form carbides of interest
and to decrease the conversion of too much of the



~.coating a turbine blade z-notch to resist fretting wear or|liREFLACEMENT SHEET

resisting coating applications for high tenperatures, the [det onﬁﬁogegulg%
coatings should be superior to the conventional plasnma co iDMp- CERULIO ...
provi des carbon to forma carbi de dispersion throughout th
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chromium to form chromium carbide. It is desirable to
have at least 30 weight percent, preferably at least 40
weight percent, of the chromium component of the cca ating
in the form of chromium carbide so that additional -
mechanical strength can be imparted to the coating. At
least 25 weight percent of the chromium should rgpain in
the elemental chromium phase so that the coating will
have good corrosion resistance characteristics.

A feature of the present invention is that a higher
chromium concentration can be used in the MCrAlY-based
powder composition since some of the chromium will
react with the carbon from the fuel mixture to form a
chromium carbide. The carbide phases generated with the
gaseous fuel-oxidant mixture and the MCrAlY-based powder
composition occurs such that some of the chromium will
react with carbon since chromium has the highest free
energy of formation of the components so that chromium
will be converted to Cr,, C, and/or Cr,C, . Specifically,
at least 20 to 80 percent by weight of chr omium shall ke
converted to chromium carbide and preferably 40 to 70
percent by weight of chromium should be converted to
chromium carbide. 1In accordance with this invention, a
higher chromium content in the MCrAlY-based powder
composition can be used to compensate for the amount
that will form chromium carbide.

The coatings of this invention can be used as a
single layer environmental MCrAlY-based coating or as an
enhanced bond coat for thermal barrier coatings. The
powders for use in this invention are preferably powders
made by the vacuum-melted argon-atomization process.

To control the portion of the chromium carbide that.
will be form in the coating, the atomic ratio of oxygen
to carbon in the gaseous fuel-oxidant mixture can be



Thi ckness (M 1s) *D-Gun Oxygen Coat i ng Coati ng RéﬁbﬂﬁﬁhENTSHEET
" Har dness " [err] Ratio [err] 80 hours 160 fours

1.00:1 602 0.51 0.91 B 1. 03: 1| pate: OﬁGFEB m

0.53 0.81 Pl asma 431 0. 45

Starting powder conposition for Coating A and B by weight percent 21.8
Co-16.9 Cr-14.2 Al-0.65 Y-5 Nb-Bal N  Starting powder conposition for
Pl asma Coating by wei ght percent: 21.8 Co-17.2 C-12.5 Al-0.6 Y-Bal N
EXAMPLE 2 The two detonation gun coatings 8f —-Exanple 1 were chenically

anal yzed for their oxygen and carbon contents
adjusted between 1.044 to 1 and 1.00 to 1. The greater

the proportion of carbon in the fuel, the greater the
amount of chromium will be converted to chromium
carbide. _

When using detonation gun techniques, the short
period that the powder particles are in the gun chamber
may be insufficient to create the desired equilibrium
carbide dispersion in the coating and therefore a heat
treatment may be advisable to complete the reaction and
thereby stabilize the formation of the carbides. 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 carbides.
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, lanthanum, silicon,
hafnium, vanadium, titanium, tantalum, tungsten,
niobium, zirconium, ytterbium, cerium and mixtures
thereof. The amount of the additional component 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



were determned and are shown in Table 3. In addition, two|dBERAGEMENTSHEET
‘coatings with oxygen to carbon ratios as shown in Table 3 were ma@edfFEBnS30
sim |l ar conposition powder, except there being no niobi um adaatei-on--ant -

these Coatings C and D were |i kew se chem cally anal yzed. ef 1 1e plasna
torch Coating E was made froma simlar but |ower alumnum N CoCrAlY powder
and was al so chem cally anal yzed. The anounts of the different phases in
the coatings were cal cul ated, based on thasg chem cal anal yses. The oxygen
was assunmed to formthe equilibrium highest stability oxides, formng Y203

and then sone [engd-ANe LAIRIN PRIt EBRAWbA1E06E EREran1 KEPLEMEYENE SHEET

of suitable powder compositions are shown in the Table

1.
Table 1

Elements - weight percent of Compositicn
COMPOSITION |Co Ni Cr Al Y Ta Nb
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
NiCoCrAlYNb [10-40 |Bal. 17-30 4-16 0.1-1 2-8
CoCrAlYTa 30-83 |==-- 10-50 4-12 0.1-1 -5
NiCrAlYTa -— 47-72 |15-25 7-14 0.1-1 -5

* Bal - balance by weight

The combustible gas of the gaseous fuel-oxidant

mixture for this invention could be at least one gas
rom the group consisting of acetylene (C,H;), propylene
(C;H;) , methane (CH,), methyl acetylene (CH,), propane
(C,H.), ethane (C,H;), butadienes (C,#.), butylenes (C.K),
butanes (C,/H.,), cyclopropane (C.H.), rropadiene (C,H,),
cyclobutane (CH;), and ethylene oxide (C,H;0). The
preferred fuel mixture would comprise acetylene gas
alcne 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 10-14, 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 raté could vary between 5 to
35, preferably between 15 to 25 grams per minute. The
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added to the starting powder, the cal cul ati on shows the coa ﬁ%’tb ‘hayeg= e

correspondingly less Cr3C2 formati on and thus nore residual netalllc
chromum As the oxygen to carbon ratio is increased, the amount of [err]

i ncrease, the anpbunt of Cr3C2 decreases, and the NbC renmi ns constant for
t he range of carbon obtained in these coatlﬂgs (See Coatings A and B). The
~amount of residual netallic chromium may ThusS be controlled by the anmount
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of carbon would be available to react with the chromium
to form the amount of chromium carbide 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 a low oxygen such that the ratio Is between 4 to 1
and 1 to 1, preferably between 3 to 1 and 2 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 treated (4 hrs. at 1975°F in vacuum), finished
smooth and peened. Samples of each coating were run in
a cyclic oxidation test at 2000°F, where the sample were
cycled into the hot zone for 50 minutes, then withdrawn
to cool for 10 minutes. After the test the pins were

cross-sectioned, mounted in epoxy and polished to reveal



~fornmer, and is additionally controlled by the oxygen to ca bBﬁP#%ﬁ§¥F%}sPEET.
" coating process. Further, the ratio of the dispersed oxidelito theﬂ@i sﬁﬁﬁrm )
carbi de phase is controlled by the oxygen to carbon ratio D@ﬁe"cUarTﬁﬁf """
process and coatings within the range of 1.00:1 to 1.03:1 were shown in
Exanple 1 to have broadly sim |l ar hardness and oxi dation resistance. Thus
the coating process conditions can be chosen to favor a hi gher carbide

di spersion, depending on the intended application. It was found that the Nb
containing coatings A and B were substantig]ly harder than the baseline

pl asma coating as shown in Table 2. In addition, the hardness of the
coatings W thoutti dsiosit s theanthridaceebgibet Naieyngdnd othavende By HLss

of about 550 [erri Thus th further effect of Nb Is to increase hardness of
t he aluminide depletion layer. .

The first two coatings (A and B) were made from the
same powder using a detonation gun process with oxygen
and propylene gas mixtures in varying proportions to
?roduce different oxygen to carbon ratios. The third
coating was a baseline coating for comparison, made
using a plasma torch with coaxial argon shielding.

The plasma torch coating was made from a NiCoCraly
powder of composition'given in Table 2. The detonation
gun coatings were made with powders having additional
aluminum to compensate for the metallic aluminum content
that would be converted to aluminum oxide, thus giving
about the same residual metallic aluminum as the plasma
coating. 1In addition, the powder for the detonation gun
coating had 5.0 wt. percent Nb added in accordance with
this invention to actively combine with the carbon
coming from the detonation gun process.

The coatings' Vickers microhardness was measured
(Table 2). It was found that the detonation gun
coatings were about 40 percent harder than the baseline
plasma coating. The oxidation test results show the
detonation gun coatings have comparable, but slightly
less, oxidation resistance than the baseline plasma
coatings.

Thus for applications where both high hardness and ‘
good oxidation resistance are impbrtant, such as in
coating a turbine blade z-notch to resist fretting wear
or in creep- resisting coating applications for high
temperatures, the detonation gun coatings should be
superior to the conventional plasma coating since it
provides carbon to form a carbide dispersion throughout

the coating.



coating, which is expected to be beneficial in coating ap
" high hardness, creep resistance, or high tenperature stre
The use of MC carbides, such as NbC, is expected to have
REPLACEMENT SHEET 5 FEB 1996 .Date :........... - 14 - hig : '
stability against solutioning than [err] or | ower chromumcarbides in the
sinple N CoCrAl'Y detonation-gun coating.
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Table 2
Average Outer -
Aluminide Depletion
Plus Oxide Scale
Thickness (Mils)
*D-Gun Oxygen Coating
Coating Carbon Hardness : 2000°F
Ratio HV ,
80 hours 160 hours
A 1.00:1 602 0.51 0.91
B 1.03:1 586 0.53 0.81
Plasma - 431 0.45 0.61

Starting powder composition for Coating A and B by
weight percent: 21.8 Co-16.9 Cr-14.2 Al-0.65 Y-5 Nb-Bal
Ni

Starting powder composition for Plasma Coating by weight
percent: 21.8 Co-17.2 Cr-12.5 Al-0.6 Y-Bal Ni

EXAMPLE 2

The two detonation gun coatings of Example 1 were
chemically analyzed for their oxygen and carbon contents
were determined and are shown in Table 3. In addition,
two detonation gun coatings with oxygen to carbon ratios
as shown in Table 3 were made from a similar composition
powder, except there being no niobium addition and these
Coatings C and D were likewise chemically analyzed. A
baseline plasma torch Coating E was made from a similar
but lower aluminum NiCoCrAlY powder and was also
chemically analyzed. “The amounts of the different
phases in the coatings were calculated, based on those
chemical analyses. The oxygen was assumed to form the
equilibrium highest stability oxides, forming Y,0, and

then some Al,0,. The carbon was assumed to form the
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highest stability carbide first, NbC, then scme Cr,C,.
Table 3 summarizes these calculations. '

It was found that when Nb is added to the starting
powder, the calculation shows the coating to have
correspondingly less Cr,C, formation and thus more
residual metallic chromium. As the oxygen to carbon
fatio is increased, the amount of Al.0, increase, the
amount of Cr,C, decreases, and the NbC remains constant
for the range of carbon obtained in these coatings (See:
Coatings A and B).

The amount of residual metallic chromium may thus
be controlled by the amount and type of the metallic
element M added, where M is a strong MC-type carbide.
former, and is additionally controlled by the oxygen to
carbon ratio of the coating process. Further, the ratio
of the dispersed oxide to the dispersed carbide phase is
controlled by the oxygen to carbcn ratio of the coating
process and coatings within the range of 1.00:1 to
1.03:1 were shown in Example 1 to have broadly similar
hardness and oxidation resistance. Thus the coating
process conditions can be chosen to favor a higher
carbide dispersion, depending on the intended
application.

It was found that the Nb containing coatings A and
B were substantially harder than the baseline plasma
coating as shown in Table 2. In addition, the hardness
of theé coatings without Nb (Coatings C and D) were both
found to have a hardness of about 550 HV,. Thus the
further effect of Nb is to increase hardness of the
coating, which is expected to be beneficial in coating
applications where high hardness, creep resistance, or
high temperature strength are required. The use of MC
carbides, such as NbC, is expected to have greater



thermal barrier coating. REPLACEMENT SHEET Date : 05 FEB
C ai ned: 1. A process for producing a Mo Al Y-based coati
selected fromthe group consisting of iron, cobalt, nickel d
t hereof, which conprises the thermal spraying by detonatio 1§ “wesarg ot

MCr Al Y- based powder conposition onto the surface of a substrate using a
gaseous fuel -oxidant m xture conprising an oxi dant and at | east one
conbusti bl e gas selected fromthe group of saturated and unsaturated

- 14 -

higher temperature stability against solution

ing th
Cr,C, 9 an

or lower chromium carbides in the simple NiCoCraly
detonation—gun coating.



hydr ocarbons in which the atom"c rati o of oxygen to carbon iRERMAORMENTISHEET
'to 1 and 1.00 to 1 and the coated | ayer havi ng between 30

nd 8Q y
wei ght of the chrom um conponent in the formof chromumc rwat@i(hisgmw

carbon is present in an anount of at |east 1% percent by
coating. 2. The process of claim1l wherein the coated substrate is heated

to a tenperature above [err] for a tinme period sufficient to stabilize the
reaction of the carbon fromthe fuel-o.z&ﬁa.nt m xture with the chromumin

t he powder conposition to formthe desired amount of chrom um carbide. 3.

The process of claiml whereig the dCAlY-obased powder conposition further
contains at |east one of thesd efBnfs~sél edted fromthe group of scandi um
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tftaniunl zirconium cerium niobium vanadium and ytter N SaeET
process of claim1 wherein the conbustible gas is a m xt reﬁ%ﬁégggt ng

and propyl ene; the atonic REPLACEMENT SHEET Date O 5@@199 F_Egm
rati o of oxygen to carbon is between 1.02 to 1 and 1.00 '
40 and 80 percent by weight of the chrom um conponent in the coating is in
the formof chromum carbide. 5. A process for producing a MoxAl Y-based

coating wherein Mis selected fromthe group consisting of iron,
- 16 -

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.



cobal t, nickel and m xtures thereof, which conprises the
" by high velocity oxy-fuel -nmeans of a Mo Al Y-based powder
the surface of a substrate using a gaseous fuel - oxi dant

an oxidant and at | east one conbustible gas selected fro

saturated and unsaturated hydrocarbons in which the oxygen to fuel ratio in

cubic feet per hour is between 4 to 1 and 1 to.1 and the coated Tayer
havi ng between 30 and 75 percent by wei ght of the chrom um [
coating in the formof chronium carbide ¥ = The process clmmmﬂmmmlﬂlm
wherein the coated subsirate is heated to a tenperature above [erk] %for®a*
time period suﬁbﬂﬁ;ﬁ aimedpi | j ze the reaction of the carbon fromthe

fuel -oxidant m xture with the chromumin the powder conposition to form
t he desired anount ff

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—ox1dant 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 1.044 to 1 and 1.00 to 1 and the
coated layer having between 30 and 80 percent by weight
of the chromium component in the form of chromium
carbide; and the carbon is present in an amount of at -
least 1% percent by weight of the coating.

2. The process of élaim 1 wherein the coated
substrate is heated to a temperature above 800°C for a
time period sufficient to stabilize the reaction of the
carbon from the fuel-oxidant mixture with the chromium
in the powder composition to form the desired amount of
chromium carbide.

3. The process of claim 1 wherein the MCrAlY-
based powder composition further contains at least one
of the elements selected ffom the group of scandium,
lanthanum, silicon, hafnium, tantalum, tungsten,
titanium, zirconium, cerium, niobium, vanadium and
ytterbium.

4. The process of claim 1 wherein the combustible
gas is a mixture of acetylene and propylene; the atomic



chriomum carbide. 7. The process of claim5 wherein the LACEMENT SHEET
-powder conposition further contains at |east one of the elgnents geﬁe[éﬁ@qg%
fromthe group of scandium |anthanum silicon, hafnium tRriAa& gy
zirconium tungsten, vanadium cerium niobiumand ytterbrel—mm7—_
REPLACEMENT SHEET Date 05 FEB 1996 -19 - 8. A coated s te coated
with a thermal sprayed | ayer conprising a MZrAl Y-based nmat Eﬂil mﬁumm -
is selected fromthe group consisting of iron, cobalt, nic ”

t hereof and wherein between 30 and - 18 - s o

‘ratio of oxygen to carbon is between 1.02 to 1 and 1.00
to 1; and between 40 and 80 percent by weight of the
chromium component in the coating is in the form of
chromium carbide.

5. 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 4 to 1 and 1 to 1 and the
coated layer having between 30 and 75 percent by weight
of the chromium component in the coating in the form of
chromium carbide.

6. The process of claim 5 wherein the coated
substrate is heated to a temperature above 800°C for a
time period sufficient to stabilize the reaction of the
carbon from the fuel-oxidant mixture with the chromium
in the powder composition to form the.desired amount of
chromium carbide.

7. The process of claim 5 wherein the MCrAlY-
based powder composition further contains at least one
of the elements selected from the group of scandium,
lanthanum, silicon, hafnium, tantalum, zirconium,

tungsten, vanadium, cerium, niobium and ytterbium.




80 percent by wei ght of the chromium conponent is in the HﬂCQﬂﬁﬂﬂﬁﬁﬁﬁT
carbi de. 9. The coated substrate of claim8 wherein thej|co L1
at | east one of the elenents selected fromthe group of s '

silicon, hafnium cerium ytterblun1vanad|un1 ni obi um JJJJHMJHﬂ_liLéﬁﬂ£L+_u

tantal um and zirconium and wherein said elenent is substanti al Iﬁ in the

formof a carbide. 10. The coated substrate of claim 8 W“ﬂl Hm””"'

substrate is selected fromthis group consisting of ‘titak¥
al uni num nickel,, cobalt and alloys tFRet&of. '

8. A coated 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 between 30 and
80 percent by weight of the chromium component is in
the form of chromium carbide.

9. The coated substrate of claim 8 wherein the
coating contains at least one of the elements selected
from the group of scandium, lanthium, silicon, hafnium,
cerium, ytterbium vanadium, niobium, titanium, tungsten,
tantalum and zirconium; and wherein said element is
substantially in the form of a carbide.

10. The coated substrate of claim 8 wherein the
substrate is selected from this group consisting of
titanium, steel, aluminum, nickel, cobalt and alloys
thereof.
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A PROCESS FOR PRODUCING CARBIDE PARTICLES
DISPERSED IN A MCrAlY-BASED COATING

Abstract _

A thermal spray process for producing a MCrAlYy-
based coating wherein M is selected from the group
consisting of iron, cobalt, nickel and mixtures thereof
and wherein the carbon in the fuel of the thermal spray
process converts between 30 to 80 percent by weight of

the chromium component in the coating to chromium
carbide.



