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DESCRIPTION

The present invention relates to an improved
erosion resistant coating for turbo.machine gas path
components comprising thermal spray depositing a
chromium carbide and an age hardenable nickel base
alloy on the surface of gas path components and then
preferably heat treating the gas path components.

i

Chromium carbide-nickel base alloys are
known in the art as coatings to combat high static
coefficients of friction and high wear rates of 316
stainless steel components in the core of sodium
cooled reactors. The coatings for such application
have to withstand high neutron 1rrad1at1on, be
resistant to liquid sodium, have thermal shock
resistance and have good self-mating characteristics
in terms of coefficient of friction and low wear
rates. The published article titled "Sodium
¢ Compatibility Studies of Low Friction Carbide
¢ ' Coatings for Reactor Application®, Paper No. 17, by
G. A. Whitlow et al, Corrosion/74, Chicago,
Illinois. March 4-8, 1974 discusses the effects of
thermal cycling, campatibility with sodium, and the like on
a variety of coatings including the detonation gun
Cr3C; + Inconel 718 coating. Inconel is a trademark
of International Nickel Company for nickel alloys.

Testing included thermal cycling between 427°C (800°F) and
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627°C (1160°F) for 1000 hours. = After such exposure, there

was no spalling or other mechanical damage to the
Cr3C, + Inconel 718 coating, and there was no
observable microstructural change using
"metallography other than changes within the
substrate. X-ray evaluation of the microstructures,
however, showed that the as-deposited coating
contained Cr4C3 plus Cr,3Cq, and that there appeared
to be a conversion of Cr9Cq to Cr,3C¢ on long term
exposure at elevated temperatures. The detonaticn
gun Cr3C, + Inconel 718 coating appeared to have
good self-mating adhesive wear resistance when used
in liquid sodium.

In addition to liquid sodium applications,
the chromium carbide base thermal spray coating
family has been in use for many years to provide
sliding and impact wear resistance at elevated
temperatures. The most frequently used system by
far is the chromium carbide plus nickel chromium
composite. The nickel chromium (usually Ni - 20 Cr)
constituent of the coating has ranged from about 10
to about 35 wt.%. These coatings have been produced
using all types of thermal spray p}ocesses including
plasma spray deposition as well as detonation'gun
deposition. The powder used for thermal spray
deposition .is usually a simple mechanical blend of
the two components. While the chromium carbide
component of the powder is usually Cr3C,, the
as-deposited coatings typically contain a.
preponderance of Cr,C3; along with lesser amounts of
CraC,; and Cry3Cg. The difference between the powder
composition and the as-de9051ted coating is due to
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the oxidation of the CryC, with consequent loss of
carbon. Ozxidation may occur in detonation gun
deposition as a result of oxygen or carbon dioxide
in the detonation gases, while oxidation in plasma
spraying occurs as a result of inspiration of air
into the plasma stream. Those coatings with a
relatively high volume fraction of -the metallic
component have been used for self-mating wear
resistance in gas turbine components at elevated
temperatures. These coatings, because of the high
metallic content, have good impact as well as
fretting wear and oxidation resistance. At lower
temperatures, coatings with nominally 20 wt.$%
nickel-chromium have been used for wear against
carbon and carbon graphite in mechanical seals, and
for wear in general in adhesive and abrasive
applicatioﬁs. .These coatings are most frequently
produced by thermal spraying. 1In this family of
coating processes, the éoating material, usually in
the form of powder, is heated to near its melting
point, accelerated to a high velocity, and impinged
upon the surface to be coated. The particles strike
the surface and flow laterally to form thin
lenticular particles, frequently called splats,
which randomly interleaf and overlap to form the
coating. The family of thermal spray coatings
includes detonation gun deposition, oxy-fuel flame
spraying, high velocity oxy-fuel deposition, and
plasma sprav.

It has now been found possible to
provide a process of coating gés path components of
turbo machines which comprises thermal spraying
chromium carbide and an age hardenable nickel base
alloy on the surface of the components. It has also
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been found possible to provide a process for
depositing'a'coating'comprising chromium carbide and
an age hardenable nickel base alloy, such as Inconel
718, onto a surface of a turbo machine gas path
component and then heat treating the coated surface of
the gas path component. It has further been found
possible to provide an improved erosion resistant
coating for gas path components of turbo machines
comprising a chromium carbide plus age hardenable
nickel base alloy coating. It has still further been
found possible to provide a heat treated thermal spray
deposited Cr3C,; + Inconel 718 coéting for a gas path
component of turbo machines.

The present invention relates to a process for
coating a surface of a gas path component of a turbo
machine with a coating composed of chromium carbide
and an age hardenable nickel base alloy comprising the
step of thermal spraying a powder composition of
chronium carbide and an age hardenable nickel base
alloy onto at least a portion of the surface of a gas
path component of a turbo machine.

Preferably, the as~deposited coated layér on the
gas path component would be heated at a temperature
and time period sufficient to cause
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Precipitation of intermetallic cempounds within the
nickel baSe.alloy constituent of the coated layer.
In the heat treatment step, theig is a
transformation of the highly stressed
microcrystalline as-deposited structure to a2 more
ordered structure in which the phases exhibit well
defined X-ray diffraction patterns.

As used herein, a gas path component shall
mean a coﬁponent that is designed to be contacted by
a8 gas stream and used to confine the gas stream or
change the direction of the gas stream in a turbo
machine. Typical turbo machines are gas turbines,
Steam turbines, turbo eipanders and the like. The
camponent of the turbo machines to be coated can be, for example,
the blades, vanes, duct segments, diaphragms, nozzle
blocks and the like.

Gas path components can pe subjected to
erosive wear from solid particles of various sizes
entrained in gas streams contacting such components
at variouslangles. In many designs of turbo
machines, the Principal angle of impingement of
solid particles onto the gas path components is low
with angles of 10° to 30° being common. Therefore,
the life of gas path components Subjected to erosive
wear is determined by the low angle wear resisténce
of the surfaces to particle impingément at these
angles. The chromium carbide constituent of the
coating provides good erosion resistance while the
a8ge hardenable nickel base alloy constituent of the
coating provides resistance to thermal and mechanical
stresses to the coating. It is expected that the age
hardenable nickel base alloy would not effectively
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contribute to or increase the erosion resistance of
the coatihg.particularly at low angles of
impingement. However, it was unexpectedly found that
the addition of the age hardenable nickel base alloy
not only provided thermomechanical strehgth to the
coating but also increased the erosion resistance of
the coating; particularly at low angles of
impingement. This increased erosion resistance of
the céating is particularly important for gas path
components since erosive wear can reduce the overall
dimensions of the components thereby rendering the
turbo machine less efficient in its intended use.
This is particularly true for blades of steam and gas
turbines.

As used herein, an age hardenable nickel
base alloy shall mean a nickel base alloy that can be
hardened by heating to cause a precipitation of an
intermetallic compound from a supersaturated solution
of the nickel base alloy. The intermetallic compound
ﬁsually contains at least one element from
aluminium, titanium, niobium and
tantalum. Preferably the element should be present
in an amount from 0.5 to 13 weight percent, more
preferably from 1 to 9 weight percent of the
coating. The preferred age hardenable nickel base
alloy is Inconel 718 which contains about 53 weight
percent nickel, about 19 weight percent iron, about
19 weight percent chromium, with the remainder being
about 3 weight percent molybdenum, about 5 weight
percent niobium with about 1 weight percent tantalum
and minor amounts of other elements. Inconel 718
when heated can be strengthened by nickel
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intermetallic compounds precipitating in an
austenitic (fcc) matrix. Inconel 718 is believed to
deposit a nickel-niobium compound .as the hardening
phase. For age hardening alloys precipitation starts
at about 538°C (1000°F) and generally increases with
increasing temperature. However, above a certain
temperature, such as for example 904°C (1650°F), the secondary phase
may go back into solution. The resolutioning temperature
for Inconel 718 is 1550°F (B843°C). Typical aging
temperatures for Inconel 718 are from 1275°F to
1400°F (691°C -~ 760°C) with the generally preferred
temperature being 1325°F (718°C). Generally for
nickel base alloy the age hardening temperature would
be fram 538°C to 899°C (1000°F to 1650°F) and preferably from 691°C
to 760°C(1275°F.to 1400°F). The time period of the heating treatment
could generally be from at least 0.5 hour to 22
hours, preferably from 4 to 16 hours.
Suitable chromium carbide are Cr3Cy, Cry5C,
Cr4C3, with Cr3C, being the preferred. Deposited
coatings of Cr3C2.p1us Inconel 718 have been examined
by X-ray evaluation of the microstructure and found
to consist predominantly of Cr9C; plus Cry3Cg. It is
- believed that on long term exposure at elevated
temperatures, the Cr;C3; may be converted to Cry3Cq.
For most applications, the chromium in the chromium
carbide should be from 85 to 95 weight percent, and
preferably about 87 weight percent. |
For most applications, the weight percent of
the chromium carbide component of the coating could
vary from 50 to 95 weight percent, preferably from 70
to 90 weight percent and the age hardenable nickel
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base alloy could vary from 5 to 50 weight percent,

preferably from 10 to 30 weight percent 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 2.54cm (one inch). Generally a mixture of
Ooxygen and acetylene is fed into the gun along with a
coating powder. The oxygen-acetylene fuel gas mixture
is ignited to produce a detbnation 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. Reference is made to US-A-

2 714 563 for the disclosure of a method and apparatus
which utilizes detonation waves for flame coating.

In some applications it may be desirable to
dilute the oxygen-acetylene fuel mixture with an
inert gas such as, for example, nitrogen or argon.
The gaseous diluent has been found to reduce the flame
temperature since it does not participate in the
detonation reaction. Reference is made to US-A-
2 972 550 for the disclosure of a process of diluting
the oxygen-acétylene 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.
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In other applications, a second combustible gas
may be used along with acetylene, such gas preferably
being propylene, Reference is made to US-A-

4 902 539 for disclosure of the use of two combustible
gases. )

Plasma coating torches are another means for

producing coatings of various compositions on suitable i
substrates according to the present invention. The E
Plasma coating technique is a line-of-sight process in
which the coating powder is heated to near or above
its melting point and accelerated by a plasma gas
stream against a substrate to be coated. On impact
the accelerated powder forms a coating consisting of
many layers of overlapping thin lenticular particles
or splats. This process is also suitable for
produéing coatings of the present invention.

Another method of producing the coatings of the

‘Present invention may be the high velocity oxy-fuel,

including the so-called hypersonic flame spray coating
processes. 1In these processes, oxygen and a fuel gas
are continuously combusted thereby forming a high
velocity gas stream into which 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 or :
splats. 5
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The chromium cartide powders of the ccating
material for use in obtaining the coated layer of
the present invention are preferably powders made by the q
sintering and crushing process. In this process, the
constituents of the powders are sintered at high
temperature and the resultant sinter product is
crushed and sized. The metallic powders are
preferably produced by argon atomi;ation followed by
sizing. The powder components are then blended by
mechanical mixing.

Sample coatings of the present invention were

produced and then subjected to various tests along
with samples of coatings that were not heat treated
and/or did not contain an age hardenable nickel base
alloy. A brief description of the various tests are
described in conjunction with the specific Examples

Test I. Fipe C} ite Erosion Test at R
Temperature

To demonstrate the superior erosion
resistance of the coatings of this invention, an
erosion test was run using fine chromite (FeCr,04) as
the erodent. For this testing, type 304 stainless
steel panels, 25.4 mm wide, 50.8 mm long, and 1.6 mm
thick, were coated on one 25.4 x 50.8 mm face with
the coating of interest. The coatings were nominally

150 micrametres thick. To test the coatings, the
pPanels were placed at a distance of 101.6 mm from a
2.19 mm diameter airjet at an angle of 20° from the
surface of the panel, with the airjet aligned along
the long axis of the panel. Air was fed to the jet
at a pressure of 32 psig (0.22 MN/mz). 1200 grams of
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the fine chrbmite erodent was aspirated into the
airjet at a rate such that all of the material was
consumed in 100-110 seconds. The amount of erosion
of the coating caused by the impinging fzne chromite
particles was measured by weighing the panel before
and after the test. -The erosion rate was expressed
as welght change per gram of erodEnt A similar test
Was run at an angle of impingement of 99° with all
the parameters and procedures the same with the

exception that only 600 grams of material were fed to
the airjet.

Example 1

To evaluate the efficacy of the coatings of
the:me&am,unmntum.uzresnﬁnngtme«mxslqnkw'way'ﬁue
particles, similar to those found in many industrial
applications, Test I was used. 1In this test, the
erodent material is a fine chromite (FeCr,04), 2
material similar to the material that exfoliates from
heat exchangers in fossil fuel electric power
utilities. This material becomes entrained in the
steam and causes solid particle erosion of the
turbine. In this test, chromium carbide-nickel
chromium coatings were compared wzth a coating of
the present invention, chromium carbide-Inconel 718, in both
the as-coated and in the heat treated condition.
Coatings about 150 micrometres thick were deposited
on a type 304 stainless steel substrate using a
detonation gun process. The starting coating powder
for Coating A in Table 1 was 11% Inconel 718 and 89%
chromium carbide. The starting powder for Coating B
in Table 1 was 11% Ni20Cr and 89% chromium carbide.

———— . I
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Heat treatment,'in this Example, was for 8 hours at
718°C in vacuum. As can be seen in the data of Test I
as shown in Table 1, there is no significant
difference in the performance of the two coatings in
the as-coated condition at either 20° or 90° angle of
impingement in the fine chromite test at room
temperature. However, it can be feaéily seen that in
the heat treated condition, the coating of the present
invention (Coating A) is substantially superior to
that of Coating B at both 20°C and 90° angles of
impingement.

TABLE 1
Coating Composition HT TRT * Eiig_E_ZQl_unLﬂ* Rate @ 90° yg/g ¥
Sample wt.% hrs/eC as ctd  ht trtd as ctd ht trtd
A 16 [IN 718) 8/718 18 3 28 2
+ 84 [CrCarbide]
B 20 [8ONi20Cr) 8/718 17 6 23 9

+ 80 (Crlarbide]
* "HT TRT" means heat treatment, "ctd" means coated,
"trtd" means heat treated (also in other Tables).
Test II. Coarse Chromite Erosion Test at Elevated

temperature.

To demonstrate the superior erosion resistance of

the coatings of the present invention, an erosion test
was run with both the coating and the erodent
maintained at a temperature of nominally 550°C. For
this testing, type 304 stainless steel panels 4 .0mm
thick were coated on a 25.4 mm long, 12.7 mm wide face
with the coating of interest. The coatings
were nominally 250 micrometres thick. To
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test the coatings, the panels were mounted at one end
of a heated tunhel 89 mm by 25.4 mm in cross-section
and 3.66 m long at the other end of which was mounted
a combustor which produced a stream of hot gas
sufficient to heat the sample coatings to the
aforementioned test temperature. Relatively coarse
chromite erodent of 75 micrometres’nominal diamter -
was introduced into the combustor exhaust stream such
that it achieved a velocity of nominally 228 metres
per second before jt impinged on the surface of the
coating. The angle of impingement was varied by
mechanically adjusting the aspect angle of the coated
specimen. The amount of erosion caused by the
impinging chromite particles was measured by weighing
the panel before and after the test. The erosion
rate was expressed as weight change per gram of
erodent that impinged on the sample.

Example 2

To assess the value of the coatings of the present
jnvention in erosion resistance at elevated
temperatures, Test II was used. In this test, 2
somewhat coarser chromite material of the same
chemical composition, but larger particle size was
used than the Teﬁt I used in Examplé 1. In this
test, Coating A (80 wt.% chromium carbide plus 20
wt.% nickel chromium) and Coating C (65 wt.% chromium
carbide plus 35 wt.% nickel chromium) were compared
with a coating of the present jnvention, Coating B (78 wt.3
chromium carbide plus 22 wt.% IN-718B). The.coatings
were applied as in Example 1 to about 250 micrometres
thick. The results of this test with a particle
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velocity of 228 m/sec are shown in Table ZA. Similar
tests were run with a particle velocity of 303 m/sec,
as shown in Table 2B. From the data, it is quite
evident ﬂuu:tne<xr¢1mgcﬁ'duapreyzm unmmmux1(axnung

B) is better than Coatings A and C with a particle
velocity of 228 m/sec (Table 2A) at all angles of
impingement and superior at an angle of impingement
of 15°. At a particle velocity of 303 m/sec (Table
7B) the coating of the present invention (Coating B) was
superior to Coatings A and C in the coarse chromite
erosion test at an angle of impingement of 15°.

IABLE ZA

Rates - micrograms loss / 9 erodent

Angle of Attack 15° 30° 50°* 70° 90°*
Coating Composition « wt.%
Sample
A 20 EBONiZOCr]' 880 1410 1560 1680 1730
+ 80 [CrCarbide]
8 22 [IN 78] 600 1200 1350 1460 1500
+ 78 [CrCarbidel
c 35 [BONi20Cr] 950 1740 1820 2000 2020

+ 65 [Crlarbide]

» particle size of metallic fraction is smaller than in Coatings B and C.

e
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Rates - micrograms loss / g erodent

Angle of Attack 15¢  30° s0°  70° 9o
Coating Composition - wt.%
Sample ' "
Al 20 [8ONi20Cr]” 1630 2200 2840 3120 3190
+ 80 [(CrCarbide}
B2 22 [IN 718] 130 2520 2700 3020 3050
+ 78 [Crlarbide] .
¢3 35 [8ONi20Cr) 2620 3270 3760 3830 4030

+ 65 [CrCarbide]

"Particle size of metallic fraction is smaller than in Coatings B and C.
1 - Starting powder contains 11% (80 nickel-20 chromium), 89% CraCsy.

2 - Starting powder contains 11% Inconel 718, 89% CryC,.

3 - Starting powder contains 25% (80 nickel-20 chromium), 75% CraCy.

Test III - Alumi E . Test at R
Iemperature '

To demonstrate the superior erosion
resistance of the coatings of the present invention, an
erosion test was run using relatively coarse angular
alumina as the erodent. For this testing, type 304
stainless steel panels, 25.4 mm wide, 50.8 mm long,
and 1.6 mm thick, were coated on one 25.4 x 50.8 mm
face with the coating of interest. The coatings were
nominally 150 micrometres thick. To test the
coatings, the panels were placed at a distance of
101.6 mm from a 2.19 mm diameter airjet at an angle
of 20° from the surface of the panel, with the airjet
aligned along the long axis of the panel. Air was

e
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fed to the jet at a pressure of 32'psig (0.22 MN/mz).
600 grams of the alumina erodent was aspirated into
the airjet at a rate such that all of the material
was consumed in 100-110 seconds. The amount of
erosion of the coating caused by the impinging
alumina particles was measured by weighing the panel
before and after the test. The erosion rate was
expressed as weight change per gram of erodent. A
similar test was run at an impingement angle of 90°
with all the parameters and procedures the same with
the exception that only 300 grams of material were
fed to the airjet.

Example 3

In this test, relatively large alumina
particles are used at room temperature. Testing was
done using Test III at both 20° and 90° angles of
impingement with the coatings either as-coated or
heat-treated as shown in Table 3. The heat treatment
in this example was either 8 hours in vacuum at 718°C
or 8 hours in air at 718°C. The cocatings were
applied as in Example 1 to a thickness of 150
micrometres and the starting and final composition of
the powders and coated layers, respectively, are
shown in Table 3. From the data, it is evident that
in the as-coated condition, there is little
difference between the three coatings when tested
with coarse alumina at room temperature. The
heat-treated coatings a£ an angle of impingement of
90° showed an improvement. However, at an angle of
impingement of 20°, there is a substantial

improvement between the coatings of the present invention
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(Coatings A and B) and that of the prior art (Coating

~C). This is a very significant finding since most

erosion in industry occurs at low-angles, not high
angles.

The coating of Sample Coating A that was
heated in vacuum was further heated for 72 hours at
718°C in air which is considered overaging of the
coating. However, the erosion rate at 20° was found
to be 57 ng/g and the erosion rate at 90° was found
to be 78 Hg/g9. The improved coating performance was

retained despite overaging which could occur due to
service exposure.

JABLE 3
Coating Composition HT TRT hd hd
Sampie wt.% Atmosphere as ctd ht trtd as ctd ht trtd
A 16 [IN 718)! Air 99 a9 14 80
+ 84 [CrCarbide] Vacuum 109 70 122 96
B 20 (IN 718)] Air 14 61 114 52
+ 80 [CrCarbide)
c 20 [80Ni20Cr32  vacuum m 92 10 19

+ 80 [CrCarbide]

1 Starting powder contains V1% IN 718, 89% chromium carbide .
2 Starting powder contains 11% (80 nickel-20 chromium), 89% chromium carbide

Example 4

In this Example, the effect of the amount of
the metallic phase in three coatings of the present
invention were compared using Test III. Coatings 150
micrometres thick in both the as-coated and
heat-treated conditions were evaluated. The heat
treatment in this case was 8 hours in vacuum at
718°C. The results are shown in Table 4. With an

——— L
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angle of impingement of 90°, there is little
difference in perfbrmance between the three coatings
in either the as-coated or heat-treated condition.
With an angle of impingement of 20°, there appears to
be a slight increase in erosion rates with an
increase in the metallic phase in either the
as-coated or heat-treated condition. This increase,
however, is not very great. It is evident,
therefore, that the coatings of the present invention have
great utility over a wide range of metallic phase
content.

IABLE &
Coating Composition ' * Rate @ 90° ng/g
Sample w;.l as ctd ht trtd as ctd ht trtd
A 8 [IN 718] 96 58 135 94
+ 92 [CrCarb:.de]1
B 16 [IN 718] 109 70 122 96
: + 84 [CrCarb1de]2 '
C 27 [IN 718] 117 74 129 97

+ 23 [CrCarbide]3

1 Starting Powder contains 5.5% IN 718, 95.5% chromium carbide
2 Starting Powder contains 112 IN 718, 89% chromium carbide
3 Starting Powder contains 16.5% IN 718 83.5% chromium carbide

V . - - - v ‘
Temperature

To demonstrate the superior erosion
resistance of the coatings of the present invention, an

erosion test was run with both the coating and the
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erodent maintained at a temperature of nominall
500°C. For this testing, type 410 stainless steel
blocks 12.7 mm thick were coated an a 34 mm long, 19
mm wide face with the coating of interest. The
coatings were nominally 250 micrametres thick. To

test the coatings, the blocks were mounted in an
enclosure filled with inert gas into which a stream
of alumina particles of 27 micrometres nominal size
suspended in inert gas could be introduced through a
1.6 mm diameter, 150 mm long nozzle made of cemented
carbide. The coated samples were positioned 20 mm
from the exit end of this nozzle, oriented at angles
of 90° or 30° to the centreline of the nozzle. The
enclosure was placed within a furnace which heated
the coated samples to a temperature of 500°C. While
they were at this temperature they were subjected to
the impact of a known mass of alumina particles
flowing at a velocity of about 94 metres per second
for a fixed period of time. The maximum depth to
which the coating was penetrated by the alumina
particles was taken as the measure of erosion. The
erosion rate was expressed as depth of penetration
per gram of erodent that impinged on the samp;e.

Example 5

Sample coatings 150 micrometres thick were
produced as in Example 1 using the composition shown
in Table 5. The data show that the erosion rate at
an'impingement angle of 30° for the heat treated
coatings of the present invention (Coatings A and B) were
better than the heat treated coatings of the prior
art (Coatings C and D).

|
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IABLE S5

Coating Composition BT TRT  Rate @ 9Q°
Sample wt/% hrs/*C (um/g) (um/g)
A 16 [IN 718] None 145% 85
+ 84 [CrCarbide]l 72/550 . 136 67
16/718 157 61
B 20 [IN 718] None 172 82
+ B0 {CrCarbide]l 7273550 186 68
16/718 165 72
c 20 [80Ni20Cr] None 183 : 79
+ 80 [CrCarbide]?  72/550 171 110
D 20 [BONi20Cr] Neone 170 . 89
+ 80 [CrCarbide]? 72/550 199 92

1 Starting Powder contains 11% IN 718, 89% chromium carbide
2 Starting Powder contains 112 Nichrome, 89% chromium carbide

The heat-treated chromium carbide plus
nickel base age hardenable alloy coating of the present

30 invention is ideally suited for use in gas path

components of turbo machines. The thickness of the
coating can vary from 5 to 1000 microns thick ‘for
most applications with a thickness between about 15
and 250 microns being preferred. Suitable
substrates for use in the present invention would include
nickel base alloys, cobalt base alloys, iron base

alloys, titanium base alloys and refractory base

alloys.
The heat treatment step of the present inwmﬂﬁon_

could be performed following the coating deposition
step at the same facility or the coated gas path
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component could be installed on or to a turbo
machine system and then the coated cbmponent could
be exposed to the heat treatment step. If the
intended environment of the'coated component is
compatible to the heat treatment step, then the
Coated component could be heat treated in its
intended environment. For example, the coated
camponent, such as, for example, a blade, could be exposed to an
elevated temperature in its intended environment and
the heat treatment step could be performed in such
an environment provided the environment is
compatible to the condition of the heat treatment
step. Thus the heat treatment step does not need to
be performed immediately after the coating
deposition step or at thé same facility.
While the examples above use detonation gun

Means to apply the coatings, coatings of the present
invention may be produced using other thermal spray
technologies, including, but not limited to, plasma
spray, high velocity oxy-fuel deposition, and
hypersonic flame spray.

———
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CLAIMS

i« A process for coating a surface of a gas path
camenent of a turbo machine with a-coating composed
o =:romium carbide and an age hardenable nickel base
a_lxt which comprises the step of thermal spraying a
camesition of chromium carbide and an age hardenable
izw. base alloy onto at least a portion of a surface
of : jas path component of a turbo machine.

<. A process according to claim 1, wherein the
as-zposited coating then is heated at a temperature
sufsizient to cause Precipitation of intermetallic
comenents within the nickel base alloy constituent of
the oating.

3. A process according to claim 1 or 2, wherein
the as-deposited coating is then heated at a
temrezature from 538°C to 899°C (1000°F to 1650°F) for
from 3.5 to 22 hours. :

i. A process according'to claim 3, wherein the
temperature of heating is from 691°c to 760°C (1275°F
to 1800°F) for from 4 to i hours.

5. A process according to any of claims 1 to 4,
wherein the age hardenable nickel base alloy contains
about 53 weight percent nickel, about 19 weight
percent chromium, about 19 weight percent iron, about
3 weight percent molybdenum, about 5 weight percent
niobium, about 1 weight bercent tantalum, with the
remaiader, if any, being one or more elements.

5. A process according to any of claims 1 to 5,
wherein the chromium carbide is selected from Cr3C,,
Cr4C;, and Cry3Cq.

7. A process according to any of claims 1 to 6,
wherein the chromium carbide comprises from 50 to 95
weight percent of the coating and the age hardenable
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nickel base alloy comprises from S to 50 weight
percent of the coating.

8. A process according to claim 7, wherein the

. chrome carbide comprises from 70 to 90 weight percent

and the age hardenable nickel base alloy is from 10 to
30 weight percent of the coating.

9. A process according to any of claims 1 to 8,
wherein the gas path component of the turbo machine is
selected from blades, vanes, duct segments and
diaphragms.

10. A process according to any of claims 1 to 9,
wherein the turbo machine is a turbine.

1l. A turbo machine having a gas path component
coated with a chromium carbide and age hardenable
nickel base alloy composition.

12. A turbo machine according to claim 11
wherein the coating comprises a heat treated chromium
carbide and age hardened nickel base alloy
composition. _

13. A turbo machine according to claim 11 or 12,
wherein the machine is a turbine. |

14. A turbo machine according to any of claims
11 to 13, wherein the gas path component is selected
from a blade, a vane, a diaphragm, or a nozzle block.

15. A turbo machine according to any of claims
11 to 14, ‘wherein the chromium carbide comprises
Cr3C,.

16. A turbo machine according to any of claims
13 to 15, wherein intermetallic compounds are

precipitated within the nickel base alloy constituent
of the coating.
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