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Abstract of Disclosure

A method for the treatment of the blade tip (11) of a turbine blade is pro-
posed in which silicon carbide (SiC) particles (3) are bound on the surface
of the blade tip for the production of an abrasive coating, wherein a seli-

healing barrier layer is produced on the SiC particles. A turbine blade

treated in this way i1s further proposed.

(Fig. 3)
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Sulzer Metco (US) Inc., Westbury (USA

A method for the treatment of the tip of a turbine blade and a turbine

blade treated with a method such as this.

The invention relates to a method for the treatment of the tip of a turbine
blade and a turbine blade treated with such a method 1n accordance with
the pre-characterising part of the independent claim in the respective

category.

In the operation of turbines which are used for example as engines for
aeroplanes or as land based industrial gas turbines, it is desirable, from
the point of view of efficiency to keep the clearance between the tips of the
turbine blades and the corresponding seals in the housing as small as
possible. If this gap is too large, the degree of efficiency of the turbines is
reduced because a too large amount of the high energy gas can escape
through this gap unused. For this reason the tips of the turbine blades is
provided with abrasive coatings which make it possible for the tips of the
turbine blades to cut their own way into the abradable seals when rotat-
ing, at least in the first hours of operation. The abrasive coatings usually
contain hard grinding or cutting particles which cut into the seal. It is
known to embed these particles into an oxidation resistant metallic matrix

which is provided on the surface of the tip of the blade.

[t is known from example from US-A-5,935,407 to embed the particles in a

metallic matrix by means of galvanic techniques. This document discloses
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cubic bornitride (cBN), a ceramic which is often used today for applica-
tions of this kind as the hard grinding particles. However the cBN parti-
cles have the characteristic that they oxidise quickly at high temperatures
of more than 800° C for example, so that the abrasive coating degrades to

a considerable degree.

It 1s further known to use silicon carbide (SiC) as a hard particle in the
abrasive coating (see for example US-A-4,249,913). However SiC has the
disadvantage that it 1s not stable enough thermodynamically, in particular
when 1t comes into contact with superalloys. Particularly for turbines
which are operated at very high temperatures, it is however usual today to
manufacture the turbine blades from such superalloys which are usually
nickel or cobalt based alloys. Due to its thermodynamaic instability contact
of S1C with nickel leads for example to the formation of silicides which
leads to the degradation of the SiC and thus of the abrasive coating. As a
solution to the problem, it 1s suggested 1in the US-A-4,249,913 to coat the
SiC particles with aluminium oxide (Al203) in order to thus prevent a di-
rect contact of the SiC with the metallic matrix and thus a diffusion

and /or reaction of the silicon with the metallic matrix. The disadvantage
of this solution is however that in the case of injuries such as cracks or

fissures in the aluminium oxide layer a direct contact is again possible
between the silicon and the metallic matrix which leads to degradation of

the SiC particles and thus of the abrasive coating.

Starting from this state of the art it 1s thus an object of the invention to

propose a method for the treatment of the blade tip of a turbine blade
which makes possible the production of an abrasive coating which, while
having good cutting and grinding characteristics has an increased resis-
tance against degradation effects. It is further an object of the invention to

propose a turbine blade which has been treated in this manner.
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The subject matter of the invention satisfying this object are characterised

by the features of the independent claims in the respective category.

Thus, 1in accordance with the invention a method for the treatment of the
blade tip of a turbine blade 1s proposed in which silicon carbide (SiC) par-
ticles are bound to the surface of a turbine blade for the production of an

abrasive coating, with a self-healing barrier layer being produced on the

S1C particles.

Due to the fact that the barrier layer, which serves as a diffusion and re-
action barrier, is self-healing, not even cracks in the coating of the SiC
particles lead to a degradation because these cracks are closed again by
the self-healing characteristics and thus a contact between the SiC parti-
cles and metallic components can be permanently prevented. A clear in-

crease of the length of life of the abrasive coating results from this.

In a preferred way of conducting the method, the self-healing barrier layer
1s produced on the SiC particles before the SiC particles are applied to the
surface of the blade tip. This facilitates a simple and efficient coating of

the Si1C particles.

The self-healing barrier layer is preterably produced by means of coating
with a material which is selected from the group comprising chrome (Cr),
zirconium (Zr), titanium (T1), tantalum (Ta), niobium (Nb), hafnium (Hi),
yttrium (Y), scandium (Sc), thorium (Th), uranium (U), molybdenum (Mo),
and also alloys of the named elements. The coating with these materials

leads to the formation of good barrier layers which are self-healing.
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The barrier layer is particularly preferably produced by coating with
chrome or with a chrome alloy. By coating with chrome a thermodynami-
cally stable chrome-silicon-carbide layer CrsSisC forms at the Cr-SiC-
boundary, which forms a barrier for diffusion and chemical reaction proc-
esses. If a crack should form which extends through the Cr-SiC-boundary

layer, then chrome wanders into the region of this crack whereby this is

closed.

In accordance with an advantageous way of conducting the method the
S1C particles are bound to the sufface of the blade tip by means of embed-
ding them into a metallic matrix. It has proved that the SiC particles are
embedded into a MCrAlX matrix wherein M denotes nickel (Ni) and/or co-

balt (Co) and/or iron (Fe) and X denotes yttrium (Y) and/or zirconium (Zr)
and/or hatfnium (Hfi).

A pretferred possibility for the production of the abrasive coating is that the
SiC particles provided with the barrier layer are secured to a carrier, for
example to a thin metal plate, subsequently a metal matrix is subse-
quently produced by coating into which at least the surface regions of the
SiC particles remote from the carrier are embedded, the surface remote
from the carrier i1s secured to the blade tip and the carrier is removed.
This method guarantees that no gaps or holes are present between the SiC
particles and the surface of the blade tip from which a particularly good

and reliable fixing of the S1C particles results.

A likewise preferred variation of the method which brings the same advan-
tages with it 1s carried out so that Si1C particles are secured on a carrier,
for example on a thin metal plate, the barrier layer is produced on the SiC
particles, in particular by means of a PVD method, subsequently a metal-

lic matrix is produced into which at least the surface regions of the SiC
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particles remote from the carrier are embedded, the surface remote from

the carrier 1s secured on the blade tip and the carrier is removed.

In these two method variations the surface remote from the carrier is pref-

erably secured on the blade tip by means of brazing.

For practical reasons it 1s preferred to produce the metallic matrix by
physical deposition from the vapour phase, in other words a PVD method

and in particular by means of a high-speed PVD method.

A different method consists of the SiC particles being bound to the blade

tip by means of brazing.

It can be advantageous in this arrangement, if prior to the brazing a
MCrAlIX layer 1s initially produced on the blade tip, wherein M denotes
nickel (Ni) and/or cobalt (Co) and/or iron (Fe) and X denotes yttrium (Y)
and/or zirconium (Zr) and/or hatnium (Hf). The MCrAlIX layer is preferably
produced by means of a PVD method, in particular a high speed PVD
method.

A further possibility 1s to bond the SiC particles to the blade tip by laser

welding.

In particular, in the case of brazing of the SiC particles, it can be advanta-
geous when the Sic particles are provided with a protective layer in addi-
tion to the barrier layer, preferably with a protective layer of MCrAIX,
wherein M denotes nickel (N1) and/or cobalt (Co) and/or iron (Fe) and X

denotes yttrium (Y) and/or zirconium (Zr) and/or hafnium (Hf).
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The turbine blade in accordance with the invention is characterised in

that it has a blade tip, which 1s treated according to a method 1n accor-

dance with the invention.

This is in particular a turbine blade the blade tip of which is provided with
an abrasive coating, which contains SiC particles, wherein the SiC parti-
cles have a self-healing barrier layer. The resultant advantages are ana-

logue to those of the method in accordance with the invention.

In a preferred embodiment of the turbine blade the barrier layer is pro-
duced by coating with a material which is selected from the group com-
prising chrome (Cr), zirconium (Zr), titanium (Ti), tantalum (Ta), niobium
(Nb), hafnium (Hf), yttrium (Y), scandium (Sc}, thorium (Th), uranium (U),

molybdenum (Mo), and also alloys of the named elements.

The barrier layer is particularly preferably produced by coating with

chrome or a chrome alloy (chromised).

In a preferred embodiment of the turbine blade the SiC particles are
bound to the surface of the blade tip by means of embedding into a metal-

lic matrix.

The SiC particles are particularly preferably embedded into a MCrAIX ma-
trix wherein M denotes nickel (N1} and/or cobalt (Co) and/or iron (Fe) and

X denotes yttrium (Y) and/or zirconium (Zr) and/or hafnium (Hf).

Further advantageous measures and preferred embodiments of the inven-

tion result from the dependent claims.
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The invention will be explained in more detail with reference to the

embodiments and with the help of the drawings. The schematic

drawings show:

FIG. 1: an embodiment of a turbine blade in accordance with the
iInvention,
FIG. 2 a schematic illustration of a SiC particle with an

embodiment of a barrier layer in accordance with the

invention,

FIG. 3 a section through an abrasive layer on the blade tip of a

turbine blade produced using a method in accordance with

the invention, and
FIG. 4 a preferred way of conducting the method.

FIG. 1 shows in schematic illustration an embodiment of a turbine blade
In accordance with the invention which is denoted as a whole with the
reference number 1. The turbine blade 1 has a blade tip 11, which
means the end of the turbine blade 1 furthest removed from the axis of
rotation. An abrasive layer 12 is provided on the surface of the blade
tip 11, which cooperates with an abradable seal 41 in a manner known
per se in the operating state of the turbine. The abradable seal 41 is
secured to a housing 4 of the turbine by means of a carrier medium 42.
The seal 41 can be manufactured from a ceramic material for example.
The abrasive layer 12 is produced by means of a method in accordance

with the invention, which will be explained later on.

The direction of rotation of the turbine blade 1 is shown by the arrow D,

in other words the turbine blade 1 rotates into the plane of drawing. At
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least during the first operating hours the turbine blade 1 grinds or cuts its
way through the abradable seal 41. The result of this is that the clearance
or gap between the blade tip 11 and the seal 41 1s as small as possible so

that very little of the highly energetic gas is able to escape unused through
this gap.

The method 1n accordance with the invention for treating the blade tip 11
of the turbine blade 1 is in particular characterised in that silicon carbide
(SiC) particles are bound to the surface of the blade tip 11 for the produc-
tion of the abrasive coating, wherein a self-healing barrier layer is pro-

vided on the SiC particles.

Fig.2 shows a sectional view of an embodiment of such a coated SiC ‘parti-
cle, which is provided with the reference numeral 3 as a whole. The coated
SiC particle 3 includes the actual SiC particle 31, the self-healing barrier
layer 32 and also a material 33 with which the SiC particle 31 was coated
for the production of the barrier layer 32.

It is known that SiC is not thermodynamically stable. In particular the
contact with metals or metallic compounds, for example nickel (Ni) or
nickel alloys leads to degradation of the SiC. This can result in the forma-
tion of silicides in the form of different nickel silicon compounds and to

the deposition of pure carbon so that SiC is decomposed on contact with
Ni.

Ni and Ni alloys are of great significance for this reason because many of
the super alloys, which are typically used to manufacture turbine blades

for very high operating temperatures, of over 800°C for example, are nickel
based alloys.
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In order to avoid contact between nickel (or also a different metallic ele-
ment of the turbine blade) and the SiC particles the self-healing barrier
layer 32 1s provided on the SiC particles 31 in accordance with the inven-
tion which serves as a diffusion and chemical reaction barrier between the
S1C and 1ts metallic environment. For this purpose, it is possible for ex-
ample to produce carbides or carbide compounds on the SiC particles

which are thermodynamically more stable than the SiC.

A characteristic of the barrier layer 32, which is important to the inven-
tion, 1s that it is self-healing. The barrier layer 32 is an active layer, which
in the event of injuries "repairs” itself. This means that when there are
cracks or injuries, which extend through the barrier layer 32 right up to
the S1C, then particles diffuse out of the layer with the material 33 into the
region of the crack or the injury, combine with the silicon and thus close
the crack or the injury in the barrier layer 32. A degradation of the SiC
particles 31 1s avoided effectively through this self-healing characteristic,
by which means a particularly durable and fully functioning abrasive
coating 12 1s realised which also remains stable at temperatures of over
800°C, does not oxidise and has very good cutting and grinding character-

1stics in relation to abradable seals 41.

In a particularly preferred way of conducting the method the barrier layer
32 1s produced by coating the Si1C particles 31 with one of the following
elements: chrome (Cr), zirconium (Zr), titanium (Ti), tantalum (Ta), nio-
bium (Nb), hainium (HIi), yttrium (Y), scandium (Sc), thorium (Th), ura-
nium (U), molybdenum (Mo). Alloys of the named elements can also be
used for the production of the barrier layer. The coating of these elements

leads to the formation of carbides which are thermodynamically more sta-
ble than Si1C.



CA 02550535 2006-06-20

10

Reference will be made in the following as an example to the case, which
is particularly relevant and preferred in practice, in which the barrier layer
32 in accordance with the invention is produced by coating the SiC parti-
cles with chrome. The comments apply however in the same way for other

‘elements or alloys.

The SiC particles 3 are preferably bound to the surface of the blade tip by
means of embedding into a metallic matrix. Fig. 3 shows a section through
an abrasive coating 12 on the blade tip 11 of a turbine blade. The 'coated
SiC particles 3 are embedded into a metallic matrix 5, which is provided at
the surface of the blade tip 11. The metallic matrix 5 is preferably a matrix
of the type MCrAlX wherein M denotes nickel (Ni) and/or cobalt (Co)
and/or iron (Fe) and X denotes yttrium (Y) and/or zirconium (Zr) and/or

hafnium (Hf). The element Ytrrium is particularly advantageously used for
X.

A few special embodiments of the method in accordance with the invention

will be explained in the following.

A preferred measure consists in coating the SiC particles 31 before they
are applied to the surface of the blade tip 11. Commercially available S1C
particles are used as the starting material which preferably have a diame-
ter of S00 um (micrometer) at most and in particular a diameter of 300-
400 um. the SiC particles are then coated with chrome (Cr) so that they
have as even a chrome layer 33 as possible, which 1s approximately 10um
thick for example. The chrome coating can take place by means of all
methods, which are known per se. Thermo-chemical processes, pack ce-
mentation, physical or chemical deposition out of the vapour phase (PVD:
physical vapour deposition; CVD: chemical vapour deposition), deposition

from solutions or slurries or galvanic processes are particularly suitable
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for production of the chrome layer 33. These methods for the production
of chrome layers are common knowledge for the person averagely skilled

in the art and therefore require no further explanation.

When the S1C particles 31 (Fig. 2) are coated then a formation of a
chrome-silicon-carbide layer with the chemical composition CrsSizC takes
place in the boundary zone between the SiC and the Cr. This barrier layer
32 1s surrounded at the outside with a layer 33 of elementary Cr. The
CrsS13C has self-healing characteristics in particular. Should a crack de-
velop then elemental Cr will diffuse out of the layer 33 into the region of
the crack and will heal this. By this means the diffusion is prevented of
other metallic elements - such as nickel for example - from the alloy of
which the turbine blade 1s made, or from the metallic matrix 5 into the
S1C,

and thus a degradation of the abrasive coating i1s avoided. It has been
- shown that the CrsS13C-S1C system 1s thermodynamically and chemically

stable, even at temperatures of 1000°C.

It can be advantageous to subsequently subject the SiC particles 3 which
have been coated with chrome or a chrome alloy to a heat treatment, pref-
erably 1n the region between 900°C and 1600°C in order to guarantee a

particularly good and slightly to not porous formation of the barrier layer

32 - here in other words of the CrsSi3C layer.

After the Si1C particles 31 have been coated with chrome they have to be
bound to the surface of the blade tip 11 of the turbine blade 1. The tur-
bine blade is usually manufactured from a superalloy, for example a
nickel-based alloy such as is obtainable under the trade name Inconel
718. The SiC particles 31 provided with the chrome layer 33 and the bar-

rier layer 32 are provisionally secured to the surface of the blade tip 11
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initially. This can take place by adhesion with an epoxy resin or by a po-
lymerisation process. Subsequently the metallic matrix S (see Fig. 3) is
generated on the blade tip 11 into which the coated SiC particles 3 are
embedded. In accordance with a preferred method the metallic matrix S
which 1s of the type MCrAlX - wherein the element Ni is preferred for M - is
generated by a physical deposition out of the vapour phase (PVD: physical
vapour deposition). Various PVD methods, which are suitable for this, are
known to the person averagely skilled in the art so that in this connection
no further explanation is necessary. The HS-PVD method (HS: high speed)
is particularly suitable in which particularly high deposition rates are
used. The metallic matrix 5 1s produced with a thickness of approximately
350 um in this embodiment. By means of the deposition of the metallic
matrix the SiC particles are embedded into this matrix and by this means
are secured ﬁrmly to the surface of the turbine blade 11. Thus the turbine
blade 1 receives the abrasive coating 12 on its blade tip 11 which contains

the coated SiC particles as grinding and/or cutting elements.

It is alternatively also possible to first firmly adhere the not yet coated SiC
particles 31 to the blade tip 11, by means of an epoxy resin for example, |
then in a first step to coat the SiC particles 31 by means of a PVD method,
whereby a formation of the barrier layer 32 and the chrome layer 33 takes
place and ultimately in a second step to deposit the metallic matrix S on
the blade tip 11 by means of a PVD process so that the SiC particles are
embedded into the matrix S and are bound on the blade tip 11.

In order to achieve an even better and more durable compound between
the SiC particles 3 and the blade tip 11, the embodiment of the method in

accordance with the invention seen in Fig. 4 1s suitable.
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As shown in the top illustration in Fig. 4 the coated SiC particles are ini-
tially secured on a carrier 6, for example through adhesion by means of an
epoxy resin 7. The carrier 6 is preferably a metallic plate which 1s ap-
proximateiy 1-2 mm thick, for example a Ni plate or a plate made from the
nickel based alloy Inconel 718. The Si1C particles secured on the carrier 6
are then coated with a metallic matrix 5 of the MCrAlX type in a PVD
process, wherein M is preferably Ni. The metallic matrix S is produced
with a thickness of approximately 10-200 um. This is shown in the second
drawing from the top in Fig. 4. By this step the upper ends, according to
the drawing, and preferably at least the upper halves of the surtace re-
gions of each of the coated SiC particles 3 are coated with the metallic ma-
trix 5. As the third illustration from the top in Fig. 4 shows, the carrier 6
is now turned upside down and the matrix S covering the SiC particles is
secured to the surface of the blade tip 11 by means of brazing so that
"feet" of the SiC particles coated with the MCrAlX are embedded into the
braze layer 8. Finally, as the bottom drawing in Fig. 4 shows, the carrier 6
is removed. This can be done by means of bending, peeling, grinding or

any other suitable processing method.

This method guarantees that there is no formation of cavities between the

SiC particles and the surface of the blade tip 11. A particularly good and
reliable connection results from this between the SiC particles 3 and the
blade tip 11, by which means the abrasive coating 12 1s secured to the

blade tip 11 particularly well and durably.

[t is alternatively also possible in the method seen in Fig. 4 to initially
firmly adhere the uncoated SiC particle 31 on the carrier 6 and then to
provide the SiC particles 31 with the chrome layer or one of the possible
alternative layers 33 in a first PVD process, by which means the barrier

layer 32 forms. The chrome layer is preferably applied with a thickness of
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approximately 10um. Subsequently a MCrAlX layer of 100-200 um thick-
ness for example is applied, likewise by means of PVD, whereby the upper
ends according to the drawing and preferably at least the upper halves of
the surface regions of each of the Cr coated SiC particles 3 are coated with
the metallic MCrAlX. Now the carrier 6 with the partially MCrAlIX coated
SiC particles 3 1s turned around and the MCrAlX matrix S covering the
SiC particles 1s secured to the surface of the blade tip 11 by means of -
brazing, so that the "feet" of the SiC particles coated with MCrAlX are em-

bedded into the braze layer. Finally the carrier 6 is removed.

As an alternative to the manufacture of the metallic matrix 5 by means of
a PVD method 1t is also possible to embed the Cr coated SiC particles 3 by
means of brazing into a metallic matrix and to secure them on the surface
- of the blade tip 11. If the SiC particles 3 are bound to the blade tip by
means of brazing it 1s also advantageous to initially secure the Cr coated
SiC particles 3 provisionally on the blade tip 11, for example by means of

adhesive bonding by means of epoxy resin and then to begin the brazing

process.

The selection of a suitable hard solder depends on the specific application.
A few possibilities will be explained in the following, which refer with ex-

emplary character to turbine blades 1, which are manufactured from the

nickel-based alloy Inconel 718.

It is possible in principle to carry out brazing with or without the use of a
filling material (filler). Suitable bfazing materials are for example such
hard solders which belong to the product group which is marketed by the
Applicant under the trade name Amdry. Amdry 936 - this is a Ni-Mn-Si-B-
Cu-Re high-temperature brazing material - or Amdry 775, a solder on

nickel basis with Cr and B (boron) are particularly suitable for example. If
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a filler 1s used Amdry 9951 1s particularly suitable for this. This is a Co
based material with Ni, Cr, Aland Y.

A MCrAlX matrix 5 into which the coated Si-particles are embedded can

also be produced through the process of brazing.

An advantageous measure is to provide the blade tip 11 with a MCrAIX
layer prior to brazing which is approximately 50 um thick for example and
is preferably generated by means of a PVD method. The Cr coated SiC par-
ticles 3 are subsequently secured on this layer by means of brazing. The
previously applied MCrAIX layer serves as an intermediary barrier between
the material of the blade tip 11 and the SiC particles 3, which prevents or

at least greatly reduces the diffusion of N1 from the blade material Inconel

718 during the brazing.

A further variant consists in securing the coated SiC particles on the blade
tip by means of laser welding. The possibility also exists here of first pro-
ducing a MCrAlX layer on the blade tip 11 by means of laser welding,
wherein X is preferably yttrium (Y) and to then secure the Cr coated SiC
particles on the blade tip 11 by means of laser welding, wherein a MCrAlX

rich filler material is preferably used. Thus the SiC particles 3 can also be
embedded into a MCrAlX matrix on the blade tip by means of laser weld-

ing.

In particular in the method using brazing and laser welding it can be ad-
vantageous when the Cr coated SiC particles 3 are enclosed with an addi-
tional protective layer prior to the welding or laser process. This protective
layér is preferably also of the MCrAlX type, with nickel being preferred for
M and yttrium being preferred for X. The cladding methods which can be
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used for the production of the protective layer are known per se and there-

fore do not require any further explanation here.

The possibility also exists of firstly depositing a MCrAIX matrix on the tur-
bine blade 11, preferably by means of a PVD method and of embedding
the coated SiC particles 3 therein galvanically or respectively by means of

an electro-chemical method.

It will be understood that the blade tips treated with the method 1n accor-
dance with the invention or the turbine blades in accordance with the in-
vention can be subjected to additional thermal treatments or after treat-

ments. The optimisation of such treatments takes place in dependence on

the particular application.
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CLAIMS

L. A surface having an abrasive coating comprising silicon carbide
(SiC) particles bound to the surface so as to form the abrasive
coating, wherein the SiC particles include a self-healing barrier layer
that is in contact with an outer surface of the SiC particles, wherein

the self-healing barrier layer is structured and arranged to prevent
degradation of the SiC particles.

2. The surface of claim 1, wherein the surface is arranged on a
blade tip.
3. The surface of claim 2, wherein the blade tip is arranged on a

turbine blade.

4. The surface of claim 1, wherein each of the SiC particles
iInclude the self-healing barrier layer in direct contact with the outer

surface and wherein the self-healing barrier layer is arranged

between each SiC particle and an outer layer.

5. The surface of claim 1, wherein the self-healing barrier layer
comprises a material which is selected from the group comprising
chrome (Cr), zirconium (Zr), titanium (Ti), tantalum (Ta), niobium
(Nb), hafnium (Hf), yttrium (Y), scandium (Sc), thorium (Th),
uranium (U), molybdenum (Mo), and also alloys of the named

elements.

6. The surface of claim 1, wherein the SiC particles are embedded

in a metallic matrix.

7. The surface of claim 6, wherein the metallic matrix comprise a
MCrAlIX matrix wherein M denotes nickel (Ni) and/or cobalt (Co)
and/or iron (Fe) and X denotes yttrium (Y) and/or zirconium (Zr)
and/or hafnium (Hf).
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8. An abrasive coating for a blade tip of a turbine blade, the
abrasive coating comprising SiC particles having an outer surface
forming a boundary zone with a self-healing barrier layer that
prevents degradation of the SiC particles, wherein the SiC particles
are embedded in a MCrAlX matrix wherein M denotes nickel (Ni)
and/or cobalt (Co) and/or iron (Fe) and X denotes yttrium (Y) and/or
zirconium (Zr) and/or hafnium (Hf), wherein the SiC particles include
a barrier layer comprising a material which is selected from the
group comprising chrome (Cr), zirconium (Zr), titanium (Ti),
tantalum (Ta), niobium (Nb), hafnium (Hf), yttrium (Y), scandium
(Sc), thorium (Th), uranium (U), molybdenum (Mo), and also alloys

of the named elements.

9. The surface of claim 1, wherein an outside surface of each SIC

particle is not in direct contact with Al,Os.

10. The surface of claim 1, further comprising a boundary zone
formed between the outer surface and the self-healing barrier layer

having a chemical composition of CrsSi3C.

11. The surface of claim 10, further comprising an outer layer

arranged outside the self-healing barrier layer.

12. The surface of claim 11, wherein the outer layer is elementary
Cr.

13. A surface having an abrasive coating comprising silicon carbide
(SiC) particles bound to the surface so as to form the abrasive

coating, wherein:

each SiC particle includes an outer surface, a first layer
arranged outside the outer surface, and a second layer arranged

outside of the first layer;
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the first layer is an active self-healing barrier layer that is

structured and arranged to repair itself; and

a boundary zone is formed by the outer surface and the self-

healing barrier layer.

14.  The surface of claim 13, wherein the self-healing barrier layer
prevents degradation of the SiC particle.

5. The surface of claim 13, wherein the surface is arranged on a
blade tip.

16. The surface of claim 15, wherein the blade tip is arranged on a

turbine blade.

17. The surface of claim 13, wherein the first and second layers

comprise different materials.

18.  The surface of claim 13, wherein the self-healing barrier layer
comprises a material which is selected from the group comprising
chrome (Cr), zirconium (Zr), titanium (Ti), tantalum (Ta), niobium
(Nb), hafnium (Hf), yttrium (Y), scandium (Sc), thorium (Th),

uranium (U), molybdenum (Mo), and also alloys of the named

elements.

19. The surface of claim 13, wherein the SiC particles are

embedded in a metallic matrix.

20. The surface of claim 19, wherein the metallic matrix comprise a
MCrAlX matrix wherein M denotes nickel (Ni) and/or cobalt (Co)
and/or iron (Fe) and X denotes yttrium (Y) and/or zirconium (Zr)
and/or hafnium (Hf).
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21. The surface of claim 13, wherein the boundary zone has a
chemical composition CrsSisC.

22. The surface of claim 21, wherein the second layer is Cr.

23.  The surface of claim 13, wherein the second layer is Cr.

24. A surface having an abrasive coating comprising silicon carbide

(SiC) particles bound to the surface so as to form the abrasive

coating, wherein:

each SiC particle includes an outer surface, a self-healing
barrier layer arranged outside the outer surface, a boundary zone

formed between the outer surface and the self-healing barrier layer,

and

an outer layer arranged outside of the self-healing barrier

layer; and the SiC particles are embedded in a metallic matrix.

25. The surface of claim 24, wherein the self-healing barrier layer
comprises a material which is selected from the group comprising
chrome (Cr), zirconium (Zr), titanium (Ti), tantalum (Ta), niobium
(Nb), hafnium (Hf), yttrium (Y), scandium (Sc), thorium (Th),
uranium (U), molybdenum (Mo), and also alloys of the named

elements.

26. The surface of claim 24, wherein the boundary zone has a

chemical composition of CrsSisC.

27.  The surface of claim 25, wherein the outer layer is Cr.
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