
EP 0 272 197 B1 Description The present invention concerns metal coating
ceramic abrasive particles according to claim 1 and a method for providing
an abrasive layer on the surface of an article according to claim 9. 5
More specifically, it relates to silicon carbide abrasive particles having
a multilayered coating, and which are particularly useful in an abrasive
layer on a gas turbine engine blade. Gas turbine engines and other
turbomachines have rows of blades which rotate within a generally
cylindrical case. As the blades rotate, their tips move in close proximity
to the internal wall surface of the case. To maximize engine operating
efficiency, leakage of the gas or other working fluid between the blade 10
tips and the case should be minimized. As  has been known for some time,
this may be achieved by blade and seal systems in which the blade tips rub
against a seal attached to the case interior. Generally, the blade tip is
made to be harder and more abrasive than the seal so that the tip cuts into
the seal during those portions of the engine operating cycle when they
contact each other. Abrasive blade tips which are particularly useful in
the high temperature section of gas turbine engines 15  are described in
US-A-4,249,913 to Johnson et al, entitled "Alumina Coated Silicon Carbide
Abrasive" and US-A-4,610,698 to Eaton et al entitled "Abrasive Surface
Coating Process for Superalloys". According to the Johnson et al invention,
silicon carbide abrasive particles of about 200-750 [err] (microns) (8-30
mils) average diameter are coated with a metal oxide such as alumina and
incorporated by powder metal techniques in nickel or cobalt base matrix
alloys. A powder metal compact containing up to about 45 20 volume percent
of these ceramic particles may be made which is then bonded to the tip of
the blade. According to the Eaton et al invention, a single layer of
alumina coated silicon carbide abrasive particles, having a metal coating
thereon, are first disposed on the blade tip surface in spaced apart
relation, and then sintered to the blade tip surface by heating to a high
temperature. A matrix material is then applied over the particles by plasma
spraying. According to Eaton, the metal coating on the particles is
deposited by an 25 electroless nickel plating process. Notwithstanding the
advances described in these two patents, further improvements are needed in
order to fabricate abrasive layers used on blades which operate in advanced
turbine engines. One area in which improvement is sought relates to methods
for increasing the bond strength between the abrasive particles and the
blade tip. When the abrasive layer is made in accordance with the Eaton
patent, a high 30  strength bond is especially needed during the
application of the plasma sprayed matrix layer. The EP-A-0 254 667
discloses a method for joining ceramic particles to the surface of a
metallic article used at elevated temperatures. The particles comprise a
multiple layer coating comprising a first oxide layer stable at elevated
temperatures and a second metal layer compatible with and capable of
diffusing into the article surface. According to the present invention the
metal coated ceramic abrasive particles have a duplex metal 35 coating
thereon which comprises a first metal coating layer which substantially
encapsulates each particle and a second metal coating layer which
substantially encapsulates the first coating layer, wherein the second
metal layer is capable of diffusion into nickel and cobalt base superalloys
when heated near its melting temperature and forms no deleterious phases on
diffusing into said superalloys, and  the second metal layer wets the first
metal layer when the second metal layer is molten. 40     The method of the
present invention for providing an abrasive layer containing ceramic
particles in a metal matrix on the surface of an article, comprises the
steps of adhering a single layer of the particles in spaced apart relation
onto the article surface, the particles having a multiple layer coating
thereon which comprises a first oxide coating layer resistant to diffusion
or dissolution with the particles at temperatures above 1100 C, and a
duplex metal coating layer which  comprises first and second metal layers,
the first 45  metal layer having a melting temperature above [err] and
resistant to diffusion or dissolution with the oxide layer at temperatures
above [err] and the second metal layer having a melting point less than
[err] and capable of wetting the first metal layer when molten; causing the
coated particles to adhere to the article surface and to project from the
surface in spaced apart relation; depositing on the article surface and
over the particles a layer of metal matrix material to fill in the spaces
between the coated particles; and 50 treating the surface of the matrix so
that the particles project above the matrix surface. This invention relates
to coated ceramic particles useful as abrasive dispersoids in metal
matrices. In particular, it relates to coated silicon carbide ceramic
particles especially suited for use in a metal matrix. abrasive layer on
the tip surface of a superalloy turbine blade which operates at service
temperatures which range from [err]  to [err]  According to the invention,
the ceramic particles are 55 characterized by a multiple layer coating; the
first coating layer is resistant to diffusion or dissolution with the
ceramic at temperatures up to at least the maximum service temperature of
the superalloy, and prevents any reaction between the ceramic and the
matrix material it is dispersed within. The first coating layer also
prevents any reaction between the ceramic and the superalloy. The second
coating layer has a 2 



EP 0 272197 B1 melting temperature above the maximum  service temperature
of the superalloy and is resistant to dissolution or diffusion with the
first coating layer at temperatures up to at least the maximum service
temperature. The second coating layer is also compatible with the matrix
material and with the superalloy; i.e., no undesired phases are formed if
the second coating layer diffuses with the matrix or with the 5
superalloy. The third coating layer is also compatible with the matrix
material and the superalloy, and has a melting temperature less than the
melting temperature of the second coating layer, and less than at least
1,095 C (2,000 [err]). The third coating layer is capable of significant
diffusion into the superalloy at temperatures below [err] If the third
layer is melted, it wets the second coating layer. The preferred ceramic
particles in this invention are silicon carbide, and the preferred coating
layers are 10   as follows: first layer, aluminum oxide; second layer,
nickel; third layer, a nickel boron alloy. Therefore, it is seen that the
preferred ceramic particles are silicon carbide with an oxide coating layer
(aluminum oxide) and a duplex metal coating layer (nickel-boron over
nickel). The method by which an abrasive layer on a superalloy turbine
blade tip is fabricated using the oxide and metal coated ceramic particles
of this invention is as follows: adhere a single layer of the ceramic 15
particles in spaced apart relation on the tip surface of the blade; heat
the blade to cause diffusion of the nickel-boron coating on each particle
into the blade surface, whereby a high strength sinter bond is formed
between each particle and the blade; deposit matrix material onto the tip
surface and over the particles sintered thereto by a plasma spray process;
hot isostatically press the matrix layer to close any voids therein; and
treat the surface of the matrix so that the ceramic particles protrude
above the matrix surface. 20  The abrasive layer made in this manner is
capable of operating at temperatures up to at least [err] and has very good
abrasive characteristics. The foregoing and other features and advantages
of the invention will become more apparent from the following description
of preferred embodiments and accompanying drawings. Figure 1 shows in cross
section the radially outer portion of a typical gas turbine blade having an
25    abrasive layer made according to the invention; Figure 2 shows in
cross section the coated ceramic particles useful in the invention; Figure
3 shows the abrasive layer after application of a metal matrix; and Figure
4 presents the results of sintering evaluations of coated silicon carbide
particles. The invention is described with reference to the fabrication of
an abrasive layer on a gas turbine engine 30  blade tip, which rubs ceramic
or metal air seals and operates at maximum service temperatures of [err].
Those skilled in the art will recognize that the invention may be useful in
other similar rubbing applications. Referring to Figure 1, the abrasive
layer 10 on the tip surface 11 of a gas turbine blade 14 contains coated
ceramic particles 18 in a matrix 16 The blade 14 can be made of a nickel
base superalloy such as 35  is described in US-A-4,209,348 to Duhl et al.
The abrasive layer 10 is subject to high stresses during engine operation,
and therefore it is important that the layer 10 have a certain
configuration and properties so as to perform its function. In particular,
the bond strength between particles 18 and the tip surface 11 must be high
so that the particles are not lost from the surface 11 during fabrication
of the abrasive layer 10, or during operation of the engine. 40     The
abrasive layer 10 made according to the invention is characterized by a
single layer of closely spaced ceramic particles 18 surrounded by matrix
material 16, generally in accordance with the layer shown in the
aforementioned patent to Eaton. The matrix metal 16 has a thickness W which
is preferably about 50-90% of the overall thickness T of the particles 18.
As a result, a portion of each particle 18 projects into space, and above
the matrix 16. For the best operating characteristics, the unexposed
portion 45  of the particles 18 must be surrounded by matrix metal 16, and
the particles 18 must be closely spaced apart from each other. In the blade
tip made in accordance with the invention, each abrasive particle 18 is
sinter bonded to the blade tip 11 prior to application of the matrix
material 16, and the majority (preferably at least 80-90%) of the particle
surface area (excluding that surface area exposed above the matrix 16) is
surrounded by the metal matrix 16 rather than being in contact with other
particles 18. Thus, the particles 50  18 are all securely joined to the
blade tip 11. Also, the particles 18 are, in general, evenly and densely
spaced apart on the blade tip 11. Densities of 30-130 particles per cm2
(200-840 particles per in2) of tip surface 11 are preferred, with 75
particles  per cm2 (485 particles per [err] being most preferred. Hot
pressed and crushed silicon carbide particles having a nominal size of
200-750 [err] (microns) have been found to be particularly useful in the
practice of the invention, although other sizes in the range of 55  about
25-1,250 [err] (microns) might also be useful. Other ceramics with good
high temperature strength, 



such as silicon nitride, SiAION (silicon-aluminum-oxygen-nitrogen), and
aluminum oxide, may also be used. If the temperatures at which the abrasive
layer is used are low, ceramics such as cubic boron nitride or diamond
might also be useful. Regardless of whether the expected use is at high or
low temperatures, the 3    EP0272 197B1 ceramic must have good abrasive
characteristics. Each of the ceramic particles 18 is coated with a multiple
layer coating, as shown in Figure 2. The first coating layer 30 is metal
oxide coating which is stable at elevated temperatures; this coating
prevents the particles 18 from dissolving or diffusing with the blade tip
11 alloy during the elevated sintering (bonding) 5  operation. It also
prevents the particles from reacting with the blade tip 11 and matrix
material 16 during the lifetime of the abrasive layer 10. An aluminum oxide
coating is preferably used as the oxide coating layer on silicon carbide
particles, since such particles readily dissolve in nickel base alloys at
high temperatures. See the aforementioned Johnson et al patent. Other
stable oxide coatings may also be used. If the ceramic particles 18 are
inherently resistant to reaction with the blade or matrix alloy at elevated
temperatures, the 10  oxide coating 30 may not be necessary. When aluminum
oxide is used, it should be about 5-25 [err] (microns) (0.2-1 mils) thick.
As shown in Figure 2, the coating 30 should substantially encapsulate the
silicon carbide particle 18 to best prevent dissolution and/or diffusion of
the particles 18 in the matrix 16 or with the blade tip 11. The second and
third coating layers 31 and 32, respectively, comprise a duplex metal
coating. The 15  second coating layer 31 has a melting temperature in
excess of the maximum service temperature of the abrasive layer 10. Also,
the second layer 31 is resistant to diffusion or dissolution with the oxide
coating layer 30 at temperatures up to at least the maximum service
temperature. The second layer 31 is capable of diffusion with the blade
alloy and matrix material 16, and no undesired phases form when such
diffusion takes place. The preferred second coating layer 31 is pure
nickel, 2-8 [err] (microns) (0.08-0.3 mils) thick, 20  and is applied by
chemical or physical vapor deposition, electrolytic or electroless plating
techniques. Pure nickel melts at a temperature of about 1,455 C (2,650 F).
Transition metals such as cobalt or chromium, and high melting temperature
noble metals such as platinum, may also be used as the layer 31, as may
alloys containing nickel, cobalt, chromium, platinum, etc. The melting
temperature of the layer 31 should be at least 1,260[err] (2,300[err]). The
second coating layer 31 substantially encapsulates the first (oxide)
coating 25  layer 30. The third coating layer 32 is the most important
layer of the coated ceramic, with respect to the formation of the high
strength sinter bond between the particles 18 and the blade tip 11. The
third coating layer 32 is capable of significant diffusion into the tip
surface 11 of the blade 14 during a high temperature sintering operation.
The layer 32 is compatible with the second layer 31, and with the blade and
matrix 30  alloy, i.e., does not form any phases or compounds which would
degrade their properties. The third layer 32 is selected from the group
consisting of transition metals, high melting temperature noble metals, or
alloys thereof, which contain an element reducing the melting point such as
boron or silicon. The element reducing the melting point is present so that
the third layer 32 melts at a temperature which is at least [err] (300 F)
less than the melting temperature of the second coating layer 31. The third
layer should 35  have a melting temperature less than [err] (2,000 F).
Preferably, the base metal (or base alloy) of the third coating layer is
the same as the metal (or alloy) which comprises the second coating layer.
Therefore, if the second coating layer is nickel, the third coating layer
is nickel plus a melting point depressant. If the third coating layer is a
nickel-boron alloy, it should be 2-8 [err] (microns) (0.008-0.3 mil) thick,
containing between 1-5 weight percent boron and applied by electroless
plating. About 3.5 percent boron is the most 40  preferred composition;
such an alloy has a melting temperature of 1,080 C (1,980 F). As is seen in
Figure 2, the third layer 32 substantially encapsulates the second layer
31. The nickel-boron/nickel duplex metal layer is a particularly desired
duplex metal coating combination. If the nickel-boron layer 32 is ever
melted during the fabrication of the abrasive layer 10, it will wet the
surface of the nickel layer 31, rather than beading up on the nickel layer
31. When the melted nickel-boron layer 32 45  solidifies, the sinter bond
between the particles 18 and blade tip 11 will reform. For optimum abrasive
characteristics, the coated ceramic particles 18 are deposited onto the
blade tip surface 11 in closely spaced relation to each other. A density of
75 particle per cm2 is desired. The preferred practice for depositing the
particles 18 onto the tip surface 11 is discussed in more detail in the
US-A-4 680 199, to Vontell et al. In order to initially affix the particles
18 to the blade tip surface 11 (i.e., 50  before the sintering operation),
the surface 11 is coated with a layer of adhesive resin. Nickel flake may
be present in the resin, as discussed in US-A-4 689 242 to Pike. 



After the particles 18 are placed on the blade tip 11, the tip 11 is heated
to a temperature sufficient to volatilize the resin and to cause the Ni-B
layer 32 on the particles 18 to diffuse into the tip surface 11 at regions
of point contact. As a result of the diffusion which takes place, a sinter
bond 19 is formed between 55  the particles 18 and the tip surface 11. The
preferred sintering conditions are in the range of the melting temperature
of the Ni-B layer, i.e., [err] for up to 8 hours in a non-oxidizing
atmosphere. Preferably the sintering is done at a temperature slightly
below the Ni-B melting temperature (1,080 C). 4    EP 0 272197 B1 After
sintering, each particle 18 is securely bonded to the tip surface 11 as a
result of the diffusion of Ni-B into the tip surface. This bond insures
that few, if any, of the particles 18 are dislodged from the surface 11
during a subsequent matrix application step, described below. It also
insures that the abrasive layer 10 has the necessary abrasive
characteristics during engine operation. 5     Application of the matrix
material 16 is accomplished preferably by vacuum plasma arc spraying,
although conventional plasma spraying, \physical vapor deposition and
electroplating could also be used. The matrix material 16 is applied to a
thickness W' as shown in Figure 3. A nickel base superalloy of the type
generally described in the aforementioned Johnson et al patent may be used
as the matrix, as may other alloys with good high temperature
characteristics (oxidation and corrosion resistance, hot hardness, 10
etc.). A high strength bond between the abrasive particles 18 and the blade
tip 11 is particularly important when the matrix 16 is applied by the
preferred vacuum plasma spray, where matrix powder particles are heated in
a high temperature, high velocity plasma stream and propelled onto the tip
surface 11 at high speeds. It is estimated that the speed of the heated
powder particles is in the range of about 200-500 m/sec 15  (670-1,640
ft/sec); the speed of the plasma stream is thought to be at least about two
times the particle speed. The sinter bond formed when the Ni-B layer 32 on
each particle 18 diffuses into the tip surface 11 is of sufficiently high
strength so that only a few of the coated particles 18, if any, are lost
from the tip surface 11 during the spray operation. If the bond did not
have sufficient strength, an excessive amount of the particles would be
dislodged from the tip surface 11 as the matrix layer 16 is applied. The
Ni-B coating 32 20  not only diffuses into the tip surface 11, but it also
diffuses into the second metal coating layer 31 on each particle 18, which
further strengthens the bond between the particles 18 and the blade tip 11.
An additional benefit due to the use of the coated particles of this
invention, and in particular, to the use of the duplex Ni-B/Ni layer, is
evident during the preliminary steps of the vacuum plasma spray process. In
the application of the matrix material with this process, the blade tip
surface 11 must first be cleaned. If the 25  surface 11 is not cleaned, the
bond strength between the matrix material 16 and the tip 11 will be
unacceptably low. Reverse transfer arc (RTA) cleaning is the preferred
method for cleaning the tip surface 11. During the RTA cleaning, the tip
surface 11 is sputter cleaned by a high temperature electric arc generated
between the surface 11 and the electrode in the plasma spray gun. The
temperature of the arc can be high enough to cause some of the Ni-B layer
on the abrasive particles to melt, in which case the 30  molten Ni-B wets
the intermediate Ni layer, rather than beading up and running off of the
particles 18. If the molten Ni-B were to run off the particles 18, they
would likely be lost from the blade tip 11 as the RTA cleaning continues.
When alumina coated silicon carbide particles are coated only with a Ni-B
metal layer, and the Ni-B layer is melted during RTA  cleaning, the melted
metal beads up on the alumina layer and the particles are easily dislodged
from the blade tip surface. 35     Although the sprayed layer of matrix
material 16 will have about 95 percent theoretical density, it may contain
some porosity or voids, which could reduce the mechanical properties of the
overall abrasive layer 10. To eliminate such voids, the blade 14 is
subjected to a hot isostatic pressing (HIP) procedure after application of
the matrix material 16. The HIP treatment also enhances the bond between
the matrix 16, particles 18, and blade tip 11. For the nickel base
superalloy matrix material described in the Johnson 40  patent, a HIP
temperature of about [err] and a gas pressure of about 140 MPa applied for
two hours is sufficient. Other hot pressing parameters may be used to
consolidate the matrix material 16 and achieve the object of densification
and bonding. Next, the surface of the abrasive layer 10 is machined to
produce a smooth, relatively flat surface. Finally, the surface of the
abrasive layer 10 is contacted with a chemical etchant or other substance
which 45  will attack and remove some of the matrix material 16, causing a
portion of each of the particles 18 to project into space. For example,
electrochemical machining can be used, as is described in U.S. Patent No.
4,522,692 to Joslin. This step reduces the matrix thickness to a dimension
W, which is about 50-90 percent of the particle dimension T, and results in
an abrasive layer 10 having the shape schematically shown in 



Figure 1. 50     The key aspect of the invention is that the duplex
nickel-boron/nickel coating layer provides a high strength sinter bond
between the abrasive particles 18 and the blade tip surface 11 prior to
application of the matrix material 16. After the matrix material 16 is
applied, the particles 18 are also held to the tip surface 11 by the matrix
16. The high bond strength achieved with the invention particles is evident
from the following example. Hot pressed and crushed silicon carbide
particles, nominally about 300 [err] (microns 55 (12 mils)) in diameter
were coated with a 12 [err] (micron (0.5 mil)) layer of aluminum oxide, in
accord with the Johnson patent referenced above. Then, the particles were
divided into three groups. The first group was coated with 5 [err] (microns
(0.2 mil)) of electroless Ni-B; the second group was coated with 8 [err]
(microns (0.3 mils)) of electroless Ni-B; the third group was coated with 5
[err] (microns) of pure nickel and    EP 0 272 197 B1 then 5 [err]
(microns) of electroless Ni-B. The sintering characteristics of each group
of coated silicon carbide particles to nickel base superalloy test
specimens was then evaluated. In this sintering evaluation, the coated
particles were deposited on the surface of the test specimens which was
coated with a thin layer of adhesive resin (polystyrene) in a low viscosity
carrier which also 5  contained nickel flake. The particles were sintered
to the surface of the test specimens at [err] for 3 hours. The specimen
surface was then cleaned by conventional RTA processing in a vacuum plasma
spray chamber. A 60 second RTA cleaning at 3kw is the standard cycle. Table
1 and Figure 4 show that the use of the Ni-B/Ni duplex metal layer results
in a sinter bond with considerably more strength than either of the 10
nickel-boron monolayer coating systems  After the standard 60 second RTA
cycle, 99% of the Ni-B/Ni coated particles were still bonded to the
specimen surface, while only 60% of the particles coated with 5 [err]
(microns) of Ni-B were bonded and 20% of the particles coated with the 8
[err] (micron) Ni-B were bonded to the surface. After 120 seconds of RTA
cleaning, the superiority of the Ni-B/Ni duplex coating layer is even more
evident. 15    In a second sintering evaluation, three groups of coated
silicon carbide particles were again evaluated. The first group was coated
with 5 [err] (microns) (0.2 mil) of electrolessly deposited pure nickel;
the second group coated with 5 [err] (microns) of electroless deposited
Ni-B; the third group coated with 5 [err] (microns) each of Ni-B over Ni.
The coated particles were then sintered to nickel base superalloy test
specimens at temperatures between [err] and 1,095[err] (2,000[err]). After
sintering, a 25 gram 20  shear load was applied to the individual
particles, and the percent of particles still bonded to the specimen
surface after test (relative to the number bonded to the surface before the
test) determined. Table 2 shows that the highest strength sinter bond was
achieved with the Ni-B/Ni duplex metal coated particles, sintered at [err]
for 2 hours. It also shows the extreme sensitivity of the other two coating
systems to small variations in sintering temperatures: When the sintering
temperature was [err] only 2% of the 25  particles coated with the Ni or
Ni-B coating systems were bonded after shear load testing. With the
invention duplex coating layer, 51% of the particles were still bonded.
Although this invention has been shown and described with respect to a
preferred embodiment, it will be understood by those skilled in the art
that various changes in form and detail thereof may be made without
departing from the scope of the claimed invention. 30 Table 1 Percent of
Particles Retained After Sintering at [err] for 3 hrs and Reverse Transfer
Arc (RTA) Cleaning 35 Coating System                             RTA
Conditions            % Retained Ni-B (5 [err] (microns)
3kw/1 20 sec                 37 Ni-B (5 [err] (microns)
3kw/120 sec                  12 Ni-B (8 [err] (microns)
3kw/1 20 sec                  4 Ni-B (8 am) (microns)
3kw/120 sec                   1 Ni-B/Ni (5 [err] (microns/5 [err] (microns)
3kw/120 sec                 100 Ni-B/Ni (5 [err] (microns)/5 [err]
(microns)     3kw/120 sec                 99 45 Table 2 Percent of
Particles Retained After Sintering and Application of 25 Gram Shear Load 50
Coating System                         Sintering Treatment 



1,065 [err] for 3 hrs  [err] for 2 hrs  [err]  for 20 min Pure nickel
14%                9%                  2% Ni-B                86
75                   2 55              Ni-B/Ni                 77
91                 51 6    EP 0 272197 B1 Claims 1. Metal coated ceramic
abrasive particles in the range of 25 to 1,250 [err] (microns), the
particles having a duplex metal coating thereon which comprises a first
metal coating layer which substantially encap- 5      sulates each particle
and a second metal coating layer which substantially encapsulates the first
coating layer, wherein the second metal layer is capable of diffusion into
nickel and cobalt base superalloys when heated near its melting temperature
and forms no deleterious phases on diffusing into said superalloys, and the
second metal layer wets the first metal layer when the second metal layer
is molten. 10 2. The particles of claim 1, wherein the ceramic is selected
from the group consisting of silicon carbide, silicon nitride, and SiAION;
the first metal layer is selected from the transition metals including the
noble metals, and alloys thereof; and the second metal layer is selected
from said transition metals including the noble metals and alloys thereof
which contain an element reducing the melting point so 15     that the
second metal layer melts at a temperature at least 150 C less than the
melting temperature of the first metal layer. 3. The particles of claim 2,
wherein the ceramic is silicon carbide, the first metal layer is nickel and
the second metal layer is a nickel-boron alloy containing between 1 and 5 %
boron by weight. 20 4. The particles of claim 3, further comprising a layer
of aluminum oxide between the silicon carbide and the nickel layer. 5. The
particles according to claim 1 comprising in addition an oxide coating
layer between the ceramic 25     particle and the duplex metal coating,
said oxide coating layer being resistant to diffusion or dissolution with
the ceramic at the service temperatures; the duplex metal coating layer
comprising first and second metal layers, the first metal layer having a
melting temperature above said service tempera- tures, and resistant to
diffusion or dissolution with the oxide coating layer at said service
temperatures, and the second metal layer having a melting temperature less
than 1100 C, said second metal layer 30     wetting the first metal layer
when molten. 6. The particles of claim 5, wherein the oxide coating layer
is resistant to diffusion or dissolution with the ceramic at temperatures
up to at least [err] the first metal layer being resistant to diffusion or
dissolution with the oxide layer at temperatures up to at least [err] and
the second metal layer 35     having a melting temperature at least.150 * C
lower than the melting temperature of the first metal layer. 7. The
particles according to claim 1 having a size within the range of 25-1250
[err] (microns) and having a duplex metal coating thereon which comprises a
first metal layer a melting temperature of at least [err] and a second
metal layer having a melting point less than [err] and capable of wetting
the 40     first metal layer when molten. 8. The particles according to
claim 5, said particles being silicon carbide particles having a 5-25 [err]
(micron) thick layer of aluminum oxide, a 2-8 [err] (micron) layer of
nickel over the aluminum oxide coating, and a 2-8 [err] (micron) layer of
nickel-boron over the nickel coating, the nickel-boron coating 45
containing between 1-5 weight percent boron. 9. A method for providing an
abrasive layer containing ceramic particles in a metal matrix on the
surface of an article, comprising the steps of adhering a single layer of
the particles in spaced apart relation onto the article surface, the
particles having a multiple layer coating thereon which comprises a first
50     oxide coating layer resistant to diffusion or dissolution with the
particles at temperatures above [err] and a duplex metal coating layer
which comprises first and second metal layers, the first metal layer having
a melting temperature above [err] and resistant to diffusion or dissolution
with the oxide layer at temperatures above [err] and the second metal layer
having a melting point less than 1100 C and capable of wetting the first
metal layer when molten; causing the coated particles to 55     adhere to
the article surface and to project from the surface in spaced apart
relation; depositing on the article surface and over the particles: a layer
of metal matrix material to fill in the spaces between the coated
particles; and treating the surface of the matrix so that the particles
project above the matrix 



surface. 7    EP 0 272197 B1 10. An abrasive layer provided on the tip
surface of a gas turbine engine blade in carrying out the method of claim
9, the layer containing spaced apart ceramic particles in a metal matrix,
wherein the ceramic particles are each sinter bonded to the blade surface
and the matrix fills in the regions between the particles, wherein each
particle has an oxide coating layer and a duplex metal coating layer
thereon, 5      wherein the oxide coating layer does not react with the
ceramic and encapsulates each particle; and the duplex metal coating layer
comprises first and second metal layers, the first metal layer not reacting
with the ceramic and substantially encapsulating each particle, and the
second metal layer diffused with the blade surface. 10  11. The abrasive
layer of claim 10, wherein the ceramic is silicon carbide, the oxide
coating layer is aluminum oxide, the first metal layer is nickel and the
second metal layer is a nickel-boron alloy. PatentansprOche 15  1. Mit
Metall Oberzogene keramische Schleifpartikeln in dem Bereich von 25 bis
1250 am (Mikrometer), wobei auf den Partikeln ein doppelter Metall0berzug
vorhanden ist, der eine erste MetallOberzugs- schicht aufweist, welche
jedes Partikel im wesentlichen einkapselt, und eine zweite Metalliberzugs-
schicht, welche die erste Oberzugsschicht im wesentlichen einkapselt, wobei
die zweite Metallschicht zur Diffusion in Nickel-Kobalt-Superlegierungen in
der Lage ist, 'wenn sie bis in die, Nahe ihrer 20     Schmelztemperatur
erhitzt wird, und keine schidlichen Phasen beim Diffundieren in die
Superlegierun- gen bildet, und wobei die zweite Metallschicht die erste
Metallschicht benetzt, wenn die zweite Metallschicht schmelzflUssig ist. 2.
Partikeln nach Anspruch 1, wobei die Keramik aus der Gruppe ausgewlhlt ist,
die aus Siliciumcarbid, 25     Siliciumnitrid und SiAION besteht; wobei die
erste Metallschicht unter den Obergangsmetallen ein- schlielBlich den
Edelmetallen und Legierungen derselben ausgewdhlt ist; und wobei die zweite
Metall- schicht unter den Obergangsmetallen einschlieBlich den Edelmetallen
und Legierungen derselben ausgewAhlt ist, welche ein Element enthalten, das
den Schmelzpunkt reduziert, so daB die zweite Metallschicht bei einer
Temperatur schmilzt, die wenigstens 150 *C niedriger als die
Schmelztempera- 30     tur der ersten Metallschicht ist. 3. Partikeln nach
Anspruch 2, wobei die Keramik Siliciumcarbid ist, die erste Metallschicht
Nickel ist, und die zweite Metallschicht eine Nickel-Bor-Legierung ist, die
zwischen 1 und 5 Gew.% Bor enthalt. 35  4.. Partikeln nach Anspruch 3,
weiter mitfeiner Schicht Aluminiumoxid zwischen dem Siliciumcarbid und der
Nickelschicht. 6. Partikeln nach Anspruch 1, zusatzlich mit einer
OxidUberzugsschicht zwischen dem  keramischen Partikel und dem doppelten
MetallCiberzug, wobei die Oxidlberzugsschicht gegen Diffusion oder 40
Aufl6sung bestandig ist, wenn die Keramik auf den Betriebstemperaturen ist;
wobei die doppelte MetallUberzugsschicht eine erste und eine zweite
Metallschicht aufweist, von denen die erste Metall- schicht eine
Schmelztemperatur oberhalb der Detriebstemperaturen hat und gegen Diffusion
oder Auflosung bestandig ist, wenn die Oxid~berzugsschicht auf den
Betriebstemperaturen ist, und von denen die zweite Metallschicht eine
Schmelztemperatur von weniger als 1100  C hat, und die zweite 45
Metallschicht die erste Metallschicht benetzt, wenn sie schmelzflUssig ist.
6. Partikeln nach Anspruch 5, wobei die Oxidtlberzugsschicht gegen
Diffusion oder Aufl6sung bestandig ist, wenn die Keramik auf Temperaturen
von bis zu wenigstens 1100 *C ist; wobei die erste Metallschicht gegen
Diffusion oder Auflosung bestandig ist, wenn die Oxidschicht auf
Temperaturen 50     von bis zu wenigstens 1100  C G ist; und wobei die
zweite Metallschicht eine Schmelztemperatur hat, die wenigstens 150 * C
niedriger als die Schmelztemperatur der ersten Metallschicht ist. 7.
Partikeln nach Anspruch 1, mit einer Gr6fle innerhalb des Bereiches von 25
- 1250 am (Mikrometer) und mit einem auf ihnen vorhandenen doppelten
MetallUberzug, der eine erste Metallschicht aufweist, 55     die eine
Schmelztemperatur von wenigstens 1315 *C hat; und eine zweite
Metallschicht, die einen Schmelzpunkt von weniger als 1100  C hat und in
der Lage ist, die erste Metallschicht zu benetzen, wenn sie schmelzflUssig
ist. 8    EP 0 272 197 B1 



8  Partikeln nach Anspruch 5, wobei die Partikeln Siliciumcarbidpartikeln
sind, die eine 5 - 25 um (Mikrometer) dicke Schicht Alurniniumoxid haben,
eine 2 - 8 am (Mikroneter) Schicht Nickel Ober dem Aluminiumoxidaberzug und
eine 22- 8 um (Mikrometer) Schicht Nickel-Bor Uber dem Nickel~berzug, wobei
der Nickel-Bor-oberzug zwischen 1 - 5 Gewichtsprozent Bor enthalt. 5 9.
Verfahren zurn Schaffen einer Schleifschicht, die keramische Partikeln in
einer Metallmatrix enthalt, auf der Oberflache eines Gegenstands,
beinhaltend die Schritte Befestigen einer einzelnen Schicht der Partikein
in gegenseitigern Abstand auf der Gegenstandsoberflache, wobei auf den
Partikeln ein Mehrschichtuberzug vorhanden ist, der eine erste
Oxidiberzugsschicht aufweist, die gegen Diffusion 10     oder Aufl6sung
bestandig ist, wenn die Partikeln bei Temperaturen obrhalb 1100 D C sind,
und eine doppelte Metalliberzugsschicht, die eine erste und eine zweite
Metallschicht aufweist, wobei die erste Metallschicht eine
Schmelztemperatur Ober 1315 IC hat und gegen Diffusion und Auflosung
bestandig ist, wenn die Oxidschicht auf Temperaturen Ober 1100 I C ist, und
wobei die zweite Metallschicht elnen Schmelzpunkt unter 1100 C hat und in
der Lage ist, die erste Metallschicht zu benetzen, wenn sie 15
schmelzflUssig ist; Bewirken, daB die Cberzogenen Partikeln an der
Gegenstandsoberflache haften und von der Oberflache in gegenseitigem
Abstand vorstehen; Auftragen einer Schicht aus Metallmatrixmate- rial auf
die Gegenstandsoberflache und Cber den Partikeln, um die Zwischenraume
zwischen den Cberzogenen Partikeln auszufUllen, und Behandeln der
Oberflache der Matrix, so daB die Partikeln uber *          die
Matrixoberflache vorstehen. 20 10. Schleifschicht, geschaffen auf der
Spitzenoberflache einer Laufschaufel eines Gasturbinentriebwerks beim
AusfUhren des Verfahrens nach Anspruch 9, wobei die Schicht gegenseitigen
Abstand aufweisen- de keramische Partikeln in einer Metallmatrix enthalt,
wobei die kerarnischen Partikeln jeweils durch Sintern mit der
Laufschaufeloberflache verbunden sind und die Matrix die Gebiete zwischen
den 25     Partikeln ausfUllt, wobei auf jedemr Partikel eine
OxidUberzugsschicht und eine doppelte MetallUber- zugsschicht vorhanden
ist, wobei die Oxidiberzugsschicht mit der Keramik nicht reagiert und jedes
Partikel einkapselt; und wobei die doppelte Metalllberzugsschicht eine
erste und eine zweite Metall- schicht aufweist, von denen die erste
Metallschicht mit der Keramik nicht reagiert und jedes Partikel im
wesentlichen einkapselt und von denen die zweite Metallschicht in die
Laufschaufeloberfilche diffun- 30     diert ist. 11. Schleifschicht nach
Anspruch 10, wobei die Keramik Siliciumcarbid ist, die Oxidiberzugsschicht
Aluminiumoxid ist, die erste Metallschicht Nickel ist und die zweite
Metallschicht eine Nickel-Bor- Legierung ist. 35 Revendicatlons *        1.
Particules abrasives en c6ramique dans le domaine de 25 a 1.250 jlm
(microns) recouvertes de m6tal, les particules etant munice d'un rev~tement
metallique h deux couches, qui comprend une premiere 40     couche de
rev~tement metallique qui encapsule essentiellement chaque particule et une
seconde couche de rev8tement m6tallique qui encapsule essentiellement le
premier rev8tement, dans lequel la seconde couche m6tallique est apte a la
diffusion dans des superalliages a base de nickel et de cobalt lorsqu'on la
chauffe a une temperature proche de sa temperature de fusion, et elle ne
forme pas de phase d6l6tere lors de sa diffusion dans lesdits
superalliages, et la seconde couche m6talique imbibe 45     la premiere
couche m6tallique lorsque la seconde couche metallique est fondue. 2.
Particules selon la revendication 1, dans lesquelles la ceramique est
choisie parmi le groupe compre- nant le carbure de silicium le nitrure de
siliciurn et SiAION; la premiere couche metallique est choisie parmi les
metaux de transition, y compris les metaux nobles et des alliages de ces
derniers; et la 50     seconde couche m6tallique cet choisie parmi lesdits
metaux de transition, y compris les metaux nobles et des alliages de .ces
derniers, quicontiennent un element reduisant le point de fusion de telle
sorte que la seconde couche m6tallique fond a une temperature d'au moins
1501 C inf6rieure a la temperature de fusion de ia premiere couche
metallique. 55  3. Particules selon la revendication 2, dans lesquelles la
c6ramique est du carbure de silicium, la premiere couche m6tallique est du
nickel et la seconde couche m6tallique est un alliage de nickel-bore
contenant entre 1 et 5% de bore en poids.
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