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of ceramic and metal has long been known, but such simple processes do not
produce the requi- The present invention concerns a method of      site
wear resistance and high temperature strength. making an abrasive material
according to the        Specialized plasma spray techniques have been
precharacterizing portion of claim 1.          5   developed, such as one
in which a superalloy ma- The present invention relates to the composi-
trix is sprayed over previously deposited grits, fol- tion and manufacture
of ceramic-metal abrasive     lowed by hot isostatic pressing. However, the
tech- materials, especially to those suitable for adhesion  nique is best
used where only a single layer of to the tips of turbine blades uses in gas
turbine   particulate is sufficient. engines.
10      And in both the Johnson et al. and the plasma Very close tolerances
are sought between the    spray processes, the grain size of the matrix is
spinning blades of the turbine section of a gas    fine, a reflection of
the fine grain powders. Fine turbine engine and the circumscribing
structure of  grain size tends to limit creep strength at high the engine
case. To achieve this, a portion of the  temperature. engine case structure
is surfaced with an abradable  15  Fusion welding of ceramic and metal
compos- material. Such material generally remains intact,  ites is not
feasible with superalloy turbine blades but is easily disintegratable when
contacted by the  since the substrate metal has a specialized met- spinning
blade.                                     allurgical structure which is
disturbed by the high The abradable material is usually applied to
temperatures of fusion. A uniform deposit of metal hall segments of metal,
and in early engines, the   20  and ceramic powders can be placed on a
substrate abradable surfaces of the segments were made of    through plasma
spraying, or other powder metal relatively delicate metal, such as
honeycomb or    techniques, such as are used to place brazing fiber metal.
When the superalloy of turbine blades  powders, and the deposit can then be
heated to its was insufficient in wear resistance, various hard-
temperature of fusion to consolidate such into a facing metals were
applied.                    25  cast mass. However, it is found that doing
such But more recently, the demand for higher tem-   does not result in a
uniform dispersion of ceramic perature has led to the use of ceramic
abradable   in the matrix; the ceramic tends to go to the surfaces on the
static seals. Unfortunately, such   surface of the fused material due to
bouyancy. In materials are not so abradable as the metals they  the
critical applications like turbine blades, there replace. And with the
higher temperatures asso-   30   must be achieved uniformity, to optimize
the prop- ciated with ceramic seal use, the properties of the  erties of
the abrasive material, and minimize the older metal turbine blade tips
diminish. Not only do  weight which the turbine blade must carry. the high
temperatures at turbine blade tips present    The US-A- 3951651 discloses a
composite wear problems, but the centripetal force associated  composition
comprising a metallic matrix having with the high speed of blade spinning
produces   35  solid particles homogeneously dispersed through- strains
which can cause failure. Further, the cyclic  out the matrix. The metallic
matrix has a dendritic temperature nature of the use can cause strains
structure. and failures associated with differential thermal ex-  The
method of the present invention is defined ansions. Thus, resort was had to
the use of com-   according the characterizing portion of claim 1. posite
metal-ceramic materials, such as the silicon   40  In carrying out the
method of the present in- carbide-nickel superalloy combination described
in  vention a ceramic particulate containing superalloy commonly owned
US-A-4,249,913 to Johnson et al.     material is provided which has a sound
metal ma- As described in the Johnson patent, abrasive    trix with evenly
distributed particulates. A metallur- tips for turbine blades have been
fabricated by     gical structure is provided in the matrix material
pressing and solid state sintering of a mixture of  45  that has better
high temperature properties than metal and ceramic powders. Once made, the
in-       solid state powder metal abrasives. serts are attached to the
blade tip by brasing type    According to the invention a ceramic par-
processes. But both the manufacture of the abra-    ticulate containing
abrasive material is formed by sive tip material and adhering it to the tip
have   mixing a metal powder with the ceramic particulate been difficult
and costly.                     50  and then heating the mixture to a
temperature The Johnson et al. type tips have performed     which is
sufficient to melt a substantial portion, but well, and this is
attributable to the uniform disper-  not all of the metal, to cause fusion
and den- sion of ceramic in the metal matrix, a dispersion   sification of
the mixture. Upon cooling, the fused which is attainable by solid state
processes.       mixture will have the ceramic substantially evenly But
lower cost and higher performance alter-  55  distributed throughout and
the metallurgical struc- natives have been sought, and these include plas-
ture will be in part reflective of the original structure ma spraying and
brazing type processes. Of          of the metal powder. course,
Conventional plasma spraying of a mixture 2   
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use of the invention, silicon car-  The invention is described in terms of
making bide or silicon nitride type ceramic is uniformly   a high
temperature abrasive material comprised of mixed with a nickel base
superalloy powder and      silicon carbide particulate contained within a
super- thermoplastics to form a tape like material. The    alloy matrix,
where such material is formed on a tape is cut to shape and adhered to the
tip of a gas   5   substrate, such as the tip of a turbine blade. But in
turbine engine blade made of a nickel superalloy.   special circumstances,
abrasive materials can be The assembly is heated in vacuum to drive off the
formed and used without the presence of a sub- thermoplastic, and then to
temperature of about     strate. In this best mode description, the
substrate [err] ([err]) which results in more than 85%  is a single crystal
nickel superalloy, such as the of the metal being liquefied. After about
0.3 hr the   10  nominal alloy known as PWA 1480, generally de- part is
cooled and microexamination shows that the  scribed in US-A-. 4,209,348 to
Duhl et al. particulates quite evenly distributed in the metal
Preferably, the material of the invention is which is substantially free of
porosity. This com-  formed by mixing metal and ceramic particulate pares
with lesser heating which produces porosity   with a polymer binder and
forming the mixture into in the metal and greater heating which causes the
15   a flat strip of material. The substance can then be ceramic to float
and become unevenly distributed.   cut into convenient pieces adapted to
the substrate The metallurgical structure of the better matrix    on which
a hardfacing is desired, and adhered to it. made by the invention process
has within it some    Upon heating, the polymer is caused to volatilize or
equiaxed grains and some fine dendritic structure.  decompose, leaving the
desired metal and ceramic Such structure has good high temperature prop-
20  constituents. Such technology is old and is de- erties, contrasted with
the aforementioned porous   scribed in US-A-. 4,596,746 to Morishita et al.
and structure and the coarser fully dendritic structure  US-A-. 4,563,329
also to Morishita et al.. associated with heating to a higher temperature.
Alumina coated silicon carbide ceramic par- The preferred metal matrices of
the invention   ticulate, like that described in US-A-. 4,249,913 to have a
significant temperature difference between   25  Johnson et al., is used.
The alumina coating Is liquidus and solidus, they are composed of nickel,
intended to prevent interaction between the ce- cobalt, iron and mixtures
thereof, and they contain  ramic and metal matrix during fabrication and
use. a reactive metal element, such as yttrium, hafnium,  The ceramic
particle size is -35 +45 mesh (420- molybdenum, titanium, and manganese,
which pro-     500 micrometer); there is 15-25, more preferably motes
adhesion of the metal matrix to the ceramic.   30  25, volume percent
ceramic particulate in combina- The invention is capable of economically
pro-   tion with the metal. The size and content of ce- ducing abrasively
tipped gas turbine blades, and    ramic is selected for good performance in
the end the resultant blades have good performance.         use application
in turbine blade tips. The foregoing and other objects, features and
The powder metal, hereinafter referred to as advantages of the present
invention will become   36  Tipaloy 105, has the composition by weight per-
more apparent from the following description of     cent 24-26 Cr, 7.5-8.5
W, 3.5-4.5 Ta, 5.5-6.5 Al, preferred embodiments and accompanying draw-
0.5-1.5 Hf, 0.05-0.15 Y, 1.1-1.3 Si, balance essen- ings.
tially Ni. There is no more than 0.1 P, S,and N, no Figure 1 is a graph
showing how sintering         more than 0.06 O. 0.005 H, and 0.5 other
elements. temperature affects the floating of particulates and   40
Nominally, the composition is Ni, 25 Cr, 8 W, 4 Ta, the metallurgical
structure of the metal.           6 Al, 1.2 Si, 1 Hf, 0.1 Y. The metal
particle size is Figure 2 is a schematic photomicrograph show-   -80 mesh
US Sieve Size (nominally, minus 177 ing how alumina coated silicon carbide
particulates  micrometer dimension); the size of the metal pow- are evenly
contained in the fused metal matrix      ders is not particularly critical
in carrying out this when sintering is done according to the invention.
45  preferred aspect of the invention, and the distribu- Figures 3-5 are
photomicrographs, showing the   tion is typical of atomized powder metals
with a desirable metallurgical structure associated with the  significant
fraction below 325 mesh (44 microm- invention.
eter). Figure 6 is a photomicrograph showing the           The metal and
ceramic ingredients are blended structure of a material sintered at the
lower end of  60  together with polymer materials to form a tape, the
useful range where there is a substantial       generally in accord with
the patents referenced equiaxed grain structure reflective of the original
above. As an example, the commercial polymer powder.
Methocel (Dow Chemical Co., Midland, Michigan, Figure 7 is a
photomicrograph showing an un-    USA) is mixed with a wetting agent and a
plastl- desired metallurgical coarse dendritic structure and   55  cizer
such as tri-ethylene glycol, a defoaming grit floating which results when
temperatures are   agent, and water. The material is molded into sheet
higher than those used in the invention.            or tape of nominally
1.52mm (0.060 inch) thick using a screed board technique. The tape is then
3  



5              EP 0 273 854 B1                     6 cub to the desired
shape, to fit the substrate or to  used as a measure of the degree of
flotation. be slightly larger. The tape piece is bonded to the  Because the
particulate is randomly distributed, X substrate using a commercial
adhesive such as      cannot be zero. Typically, the best abrasive materi-
Nicrobraz 300 cement (Wall Colmonoy Corp., De-     als made as described
just above, with substan- troit, Michigan, USA). The tape piece may be seg-
5   tially evenly distributed particulates as shown in mented to limit the
gross physical movement of the  Fig. 2, will have x values of 0.13mm (0.005
inch). tape as it shrinks during the initial heating. Com-    Fig. 2
illustrates the substantially even ceramic mercial ceramic stop off
material, such as used in  spacing obtained when flotation is limited. In
con- brazing, is applied to the adjacent substrate re-  trast Fig. 7 shows
how the grits move away from gionsto prevent unwanted liquid metal flow
during   10  the substrate when floating occurs. Fig. 3-5 show the
subsequent sintering/fusing step.               the microstructure of a
typical material etched us- The assembly is heated in a vacuum furnace,
ing 69 lactic acid, 29 nitric acid, 2 hydrofluoric acid. first to
volatilize or decompose the polymeric bind-  The structure is associated
with sintering at tem- ers, and then to a temperature of about [err]
peratures to the left of the line A in Figure 1, within (2340 F) for about
0.3 hour to cause melting and   15  the liquidus-solidus range. Line A
nominally cor- fusion of the metal to itself and to the ceramic   responds
with but is slightly below the liquidus particulate. This step may
alternatively be called  temperature. However, merely  exceeding  the
liquid phase sintering or fusing. Herein, the term  solidus is not
sufficient. As Fig. 1 shows, at tem- sintering is used herein to describe
such. The      peratures below that of line B, even though there is ating
may be combined with the solutioning or  20  substantial melting due to
being about [err] other metallurgical processing of the substrate
([err]) over the solidus temperature, the resultant when such is
convenient. After heating for a suffi-  structure is porous due to
insufficient melting. Ex- cient time to achieve the objects of the
invention,  actly how much into the liquid-solid range the tem- the
assembly is cooled to solidify the abrasive     perature must be raised to
avoid porosity will de- material matrix. Typically, the resultant abrasive
25  pend on the particular alloy system. With the Tipal- material will be
about 0.89mm (0.035 inch) thick   loy 105 described here, the nominal
temperature of prior to finish machining. There will be nominally 2-  [err]
([err]) is about 85% into the range. Fig. 3 layers of ceramic particulates
through its thick-  6 shows the microstructure of a material which has
ness. The superficial appearance of the abrasive    been heated just
sufficiently to cause fusion of the material will be that of a substance
that has melted   30  powder particles  and  produce  predominantly and
solidified. At its free surfaces, the substance  equiaxed grain 38. It is
notable that there is minor will tend to have curved edges, characteristic
of   porosity shown in Fig. 6 as well as in the other surface tension
effects in molten metals.           Figures, but such minor porosity is
characteristic of The temperature of heating is quite critical to  a
material that is considered in an engineering the invention. If the metal
is heated too little, then   35  sense to be fully dense, or free of
porosity. there is insufficient densification of the powder      Fig. 3
shows silicon carbide grits 40 floating metal and porosity is found. This
results in low   just above a PWA 1480 alloy substrate 42. The fine trength
in the abrasive material being formed. In  dendritic structure 44 is
evident in the matrix. Fig. ribine blade applications strength is very
impor-    4 is a view at another location in the abrasive, tant. If the
metal is heated too much, then the   40  further away from the matrix,
again showing the ceramic particulate will float to the top of the liquid
fine structure. Fig. 5 is a higher magnification view mass, giving an
uneven distribution of particulate. A  of the structure shown in Fig. 4 and
some of the substantially even distribution in the matrix metal is  grain
boundaries become barely discernible. necessary for uniform wear and
properties of the       The metallurgical structure is important to the
material.                                      45  high temperature
strength of the superalloy matrix The Figures illustrate the foregoing
effects for  and the invention is intended to obtain such. A the materials
combination described above. Fig. 1   good metallurgical structure produced
in the inven- shows the effect of sintering temperature on ce-    tion is
one obtained by sintering at a temperature ramic flotation and on
metallurgical structure. The  equal or less than line A in Fig. 1. It is
one degree of ceramic particulate floatation is mea-  50  characterized by
at least some remnant, such as sured according to the average spacing of
the       equiaxed grain, of the original powder structure, lowermost
particulates from the substrate, as mea-  with a relatively fine dendritic
structure, such as sured on a metallurgical mount, schematically      shown
in Fig 3-5. By fine dendritic structure is shown in Fig. 2. Fig. 2 shows
abrasive material 22  meant that which has spacing and size which is fused
to a substrate 20. The material 22 has a   55  small compared to that which
characterizes den- matrix 26 containing evenly distributed ceramic
drites in matrix which has been raised significantly particulates 24. Each
lowermost particulate has a   above the liquidus temperature. Compare Fig.
4 spacing x, the average being x The average x is     with Fig. 7.The
structure which is a remnant of the 4 
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metal is very apparent when tem-  ments which aid in the adhesion of the
ceramic to peratures are near the B line in Fig. 1. as eviden-  the matrix,
such as the elements Hf, Y, Mo, Ti, and ced by Fig. 6. There it is clearly
seen that there are  Mn; such are believed to aid wetting of the ce- some
of the powder particles which have under-      ramic. In order to obtain a
melting point of the gone partial melting and there has been subse-   5
matrix which is compatible with the substrate, as in quent epitaxial
solidification which has resulted in a  Tipaloy 105, silicon may be used as
a melting coarser structure. Typically, the original powder   point
depressant. As illustrated by the following particles will have a very fine
dendritic structure  examples, other melting point depressant elements
characteristic of the rapid cooling which occurs    may be used separately
or in combination. These during atomization. Depending on the degree and
10  Include B, P, and C. Thus, in the preferred practice time of heating
such structure becomes homog-       there will be least one element
selected from the enized and less resolvable, and this tends to be the
group B, Si, P, C and mixtures thereof. Typically, case in here. But it is
fairly clear that there is a  the weight percentages of such elements will
range substantial difference in the structure when the    between 0-4 Si,
0-4 B, 0-1 C and 0-4 P, with the powder is completely melted, as evidenced
by Fig.  15  combining and total amounts being limited to avoid 7. As in
Fig. 7, sintering above line A will first  brittleness in the end product
matrix. produce relatively coarse and fully dendritic struc-   Various
ceramics may be used, so long as ture. An even more undesired columnar
grain         good metal-ceramic adhesion is achieved. For the structure
will result if the temperature is signifi-  abrasive materials which are
the prime object of cantly in excess of line A. Both excess-temperature  20
the present invention, it is necessary that the ce- structures have
comparatively poorer high tem-    ramic not interact with the metal matrix
because perature properties.                               this degrades
the wear resistance of the ceramic Obtaining the structure which has the
desired   and thus the entirety of the material. Ceramics morphology and is
substantially free of porosity is  which are not inherently chemically
resistant must achieved by heating very near to but less than the   25  be
coated as is the silicon carbide. Other essential liquidus. The most
desired obvious equiaxed struc-  materials which may or may not be coated
with ture is obtained by not entirely melting at least   another ceramic
and which are within contempla- some of the powder metal. Ideally, heating
at near  tion for high temperature applications include sili- line B will
result in an almost entirely equiaxed   con nitrides and the various alloys
of such, particu- structure as the liquid material appears to resolidify
30  larly silicon-aluminum oxynitride, often referred to epitaxially from
the unmelted material. More usu-   as SiAION. Boron nitride is a material
that some ally, there is 10-70 volume percent equiaxed struc-  have
favored. Of course, It is feasible to mix such ture. Except when there is
entirely equiaxed grain,  materials. At lower temperature virtually any ce-
there will be also present the fine dendritic struc-  ramic may be used,
depending on the intended ture. Because of the aforementioned epitaxy and
35   use of the ceramic-metal composite. the effects of elevated
temperature, the grain size    For different applications, other metal
alloy sys- of the abrasive materials are substantially larger  tems than
those mentioned may be used while than the grain size in the original
powder metal    employing the principles of the invention. For in-
particles. The structures of the invention have asso-  stance,
nickel-copper may be used. Generally, the ciated with them substantially
improved high tem-   40   metal alloy must have a significant
liquidus-solidus perature creep strength, compared to unfused pow-
temperature range, compared to the capability of der metal materials.
heating the materials being processed, and the The Tipaloy 105 material and
other alloys hav-  heat conductance of the mixture. ing properties useful
in the applications of the       While the preferred method is to make the
tape invention will be desired according to the greatness   45   mentioned
above, the principles of the invention of temperature range between lines A
and B. The     can be carried out without the use of any polymer [err]
([err]) range for Tipaloy 105 is considered     material. For instance, the
metal and ceramic par- to be good in that it is practical for production
ticulates can be mixed and placed in a cavity in the applications with
superalloy substrates.            substrate where they will be contained
during the The Tipaloy 105 material just described is a   50  heating step.
As noted, at elevated temperatures, typical matrix material. It is a beta
phase superalloy  when there is no polymer present irrespective of its with
good high temperature strength and oxidation  initial use, the phenomena
are such that the abra- resistance. By superalloy is meant a material which
sive material tends to remain in place on a flat has useful strength and
oxidation resistance above  surface without containment (other than ceramic
[err] ([err]), it characteristically will be an  55  stop-off materials).
alloy of nickel, cobalt, iron and mixtures thereof.    While the prevalent
use of the material of the The superalloys most useful for making ceramic
invention will be to form and use It on a substrate particulate abrasives
will have within them  ele-   needing protection, the abrasive material may
be 



9                 EP 0 273 854 B1                   10 removed from the
metal or ceramic substrate on    first, but they will also alloy with and
cause melting which it is formed and used as a free standing    of the
predominant metals present during the body.
course of obtaining sufficient melting to produce In the following examples
the best mode prac-  the requisite density. tices just described are
generally followed except   5  Although this invention has been shown and
where deviations are mentioned.                   described with respect to
a preferred embodiment, it will be understood by those skilled in the art
that EXAMPLE 1                                         various changes in
form and detail thereof may be made without departing from the scope of the
A mixture of two powder metals is used. The  10  claimed invention. first
powder metal has the composition by weight percent 24-26 Cr, 7.5-8.5 W,
3.5-4.5 Ta, 5.5-6.5 Al,  Claims 0.5-1.5 Hf, 0.05-0.15 Y. 0.20-0.25 C,
balance es- sentially Ni. There should be no more than 0.1 P.  1. The
method of making an abrasive material S. and N, no more than 0.06 0, 0.005
H, and 0.5  15   comprised of evenly dispersed ceramic par- other elements.
Preferably the composition is Ni,    ticulates surrounded by a fused matrix
of metal 25 Cr, 8 W, 4 Ta, 6 Al, 1 Hf, 0.1 Y. The alloy is     having a
density greater than the density of the called Tipaloy I. The second powder
metal has the     ceramic material, comprising mixing metal par-
composition by weight percent Ni, 15 Cr, 3.5 B. It   ticulate with ceramic
particulate, characterized a significantly lower melting point than the
20  by the metal having a liquidus-solidus tem- Tipaloy I and is sold by
the tradename Nicrobraze     perature difference of at least [err]([err])
150 powder (Wall Colmonoy Corp., Detroit, Michi-      and by heating the
mixture to a temperature gan, USA). The metal particulate comprises by
sufficient to cause partial melting of the metal weight percent Tipaloy
60-90, more preferably 70;     so as to produce more than 85 volume percent
and Nicrobraze 150, 10-40, more preferably 30.  25   liquid and the metal
fuses into a dense matrix In this practice of the invention the powder size
when cooled, said temperature of heating be- is important. It has been
found that (-0.044 mm)(-   ing insufficient to cause the ceramic
particulate 325 mesh) is less preferred because there is a        to
substantially float in the metal matrix. pronounced greater tendency for
the ceramic to float, compared to -0.177 mm (-80 mesh) powder  30  2. The
method of claim 1 characterized by pro- sintered at the same temperature.
ducing a metallurgical structure which is a combination of equiaxed grains
and fine den- EXAMPLE II                                            drites.
Tipaloy I powder is used with 5 weight percent  35  3. The method of claim
1 characterized by the powder having the composition of specification
metal being a superalloy based on nickel, co- AMS 4782 (Aerospace Material
Specification, U.S.      bait, iron or mixtures thereof. society of
Automotive Engineers). This material is weight percent Ni-19Cr-10Si and it
provides 0.5-  4. The method of claim 1 characterized by a 0.75 percent
silicon in the alloy resulting from the   40  superalloy matrix based on
nickel, cobalt, iron combination of the two metal powders. The ma-
or mixtures thereof, the superalloy containing terial is sintered [err]
([err]) for 0.3 hr.     at least one element selected from the group
consisting of essentially Y, Hf, Mo, Ti, and Mn EXAMPLE III
and at least one element selected from the 45      group consisting of
essentially B, Si, P and C. Tipaloy I is the only metal present and the
assembly is heated to [err] ([err]) for 0.2 to  5. The method of claim 1
characterized by pro- 2hr.
ducing in the cooled metal a metallurgical structure which has at least
some equiaxed EXAMPLE IV                                   60       grains
which are derived from unmelted parts of the powder metal. The substrate is
a lower melting point alloy, MARM 200 + Hf. Three powder metal constituents
6. The method of claim 1 characterized by using are used: By weight 50
percent Tipaloy 1, 5 percent  two different compositions of metal
particulate, Nicrobraze 150, 45 percent AMS 4783 (Co-19Cr-  55     a first
composition having a melting point lower 17Ni-4W-0.8B). Heating is at
[err].                 than the second composition. In Examples I, II and
IV it is observed that the lower melting point constituents will tend to
melt 6 
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metal or ceramic substrate on    first, but they will also alloy with and
cause melting which it is formed and used as a free standing    of the
predominant metals present during the body.
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generally followed except   5  Although this invention has been shown and
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form and detail thereof may be made without departing from the scope of the
A mixture of two powder metals is used. The   10  claimed invention. first
powder metal has the composition by weight percent 24-26 Cr, 7.5-8.5 W,
3.5-4.5 Ta, 5.5-6.5 Al,  Claims 0.5-1.5 Hf, 0.05-0.15 Y, 0.20-0.25 C,
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H, and 0.5  15   comprised of evenly dispersed ceramic par- other elements.
Preferably the composition is Ni,     ticulates surrounded by a fused
matrix of metal 25 Cr, 8 W, 4 Ta, 6 Al, 1 Hf, 0.1 Y. The alloy is
having a density greater than the density of the called Tipaloy I. The
second powder metal has the     ceramic material, comprising mixing metal
par- composition by weight percent Ni, 15 Cr, 3.5 B. It   ticulate with
ceramic particulate, characterized a significantly lower melting point than
the   20  by the metal having a liquidus-solidus tem- Tipaloy I and is sold
by the tradename Nicrobraze     perature difference of at least [err]
([err]) 150 powder (Wall Colmonoy Corp., Detroit, Michi-      and by
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comprises by         sufficient to cause partial melting of the metal
weight percent Tipaloy 60-90, more preferably 70;     so as to produce more
than 85 volume percent and Nicrobraze 150, 10-40, more preferably 30.  25
liquid and the metal fuses into a dense matrix In this practice of the
invention the powder size  when cooled, said temperature of heating be- is
important. It has been found that (-0.044 mm)(-    ing insufficient to
cause the ceramic particulate 325 mesh) is less preferred because there is
a        to substantially float in the metal matrix. pronounced greater
tendency for the ceramic to float, compared to -0.177 mm (-80 mesh) powder
30  2. The method of claim 1 characterized by pro- sintered at the same
temperature.                     ducing a metallurgical structure which is
a combination of equiaxed grains and fine den- EXAMPLE II
drites. Tipaloy I powder is used with 5 weight percent  35  3. The method
of claim 1 characterized by the powder having the composition of
specification       metal being a superalloy based on nickel, co- AM1 4782
(Aerospace Material Specification, U.S.      balt, iron or mixtures
thereof. Society of Automotive Engineers). This material is weight percent
Ni-19Cr-10Si and it provides 0.5-  4. The method of claim  1 characterized
by a 0.75 percent silicon in the alloy resulting from the   40  superalloy
matrix based on nickel, cobalt, iron combination of the two metal powders.
The ma-         or mixtures thereof, the superalloy containing terial is
sintered [err] ([err]) for 0.3 hr.     at least one element selected from
the group consisting of essentially Y, Hf, Mo, Ti, and Mn EXAMPLE III
and at least one element selected from the 45      group consisting of
essentially B, Si, P and C. Tipaloy I is the only metal present and the
assembly is heated to [err] ([err]) for 0.2 to  5. The method of claim 1
characterized by pro- 2 hr.
ducing in the cooled metal a metallurgical structure which has at least
some equiaxed EXAMPLE IV                                   50       grains
which are derived from unmelted parts of the powder metal. The substrate is
a lower melting point alloy, MARM 200 + Hf. Three powder metal constituents
6. The method of claim 1 characterized by using are used: By weight 50
percent Tipaioy 1, 5 percent   two different compositions of metal
particulate, Nicrobraze 150, 45 percent AMS 4783 (Co-19Cr-  55     a first
composition having a melting point lower 17Ni-4W-0.8B). Heating is at
[err].                than the second composition. In Examples I, II and IV
it is observed that the lower melting point constituents will tend to melt
6 
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12      *   C  L  M  S     * 7. The method of claim 1 characterized by
mixing       basiert, wobel die Superlegierung wenigstens 15-25 volume
percent ceramic particulate with      ein Element enthalt, das aus der
Gruppe aus- 75-85 volume percent metal particulate.            gewAhIt
wird, die im wesentlichen aus Y, Hf, Mo, Ti und Mn besteht, und wenigstens
einem 8. The method of claim 3 characterized by using   5    Element, das
aus der Gruppe ausgewlhlt wird, a ceramic particulate which is selected
from       die im wesentlichen aus B, Si, P und C be- the group consisting
of essentially silicon car-   steht. bide, silicon nitride,
silicon-aluminum-oxynitride and mixtures thereof.
5. Verfahren nach Anspruch 1, dadurch gekenn- 10      zeichnet, daB In dem
abgeklhlten Metall ein 9. The method of claim 3 characterized by the
metallurgisches GefUge erzeugt wird, das we- metal particulate containing a
reactive metal      nigstens einige gleichachsige Komer hat, die selected
from the group consisting of Y, Hf,       aus ungeschmolzenen Teilen des
Pulverme- Mo, Ti, Mn and mixtures thereof.                  talls stammen.
15 10. The method of claim 3 characterized by a       6. Verfahren nach
Anspruch 1, dadurch gekenn- metal particulate consisting essentially by
zeichnet, daB zwel verschiedene Zusammen- weight percent of 24-26 Cr,
7.5-8.5 W, 3.5-4.5     setzungen von Metallteilchenmaterial benutzt Ta,
5.5-6.5 Al, 0.5-1.5 Hf, 0.05-0.15 Y, balance   werden, wobel eine erste
Zusammensetzung Ni, and additions of at least one element se-  20  einen
Schmelzpunkt hat, der niedriger als der lected from the group consisting of
essentially    der zweiten Zusammensetzung ist. P, B, C and Si. 7.
Verfahren nach Anspruch 1, gekennzeichnet Patentanspruche
durch Vermischen von 15-25 Volumenprozent 25      Keramikteilchenmaterial
mit 75-85 Volumen- 1. Verfahren zum Herstellen eines Schleifmateri-
prozent Metallteilchenmaterial. als, das aus gleichmilBig dispergierten
Kera- mikteilchen besteht, die durch eine erschmol-  8. Verfahren nach
Anspruch 3, gekennzeichnet zone Metallmatrix umgeben sind, die eine
durch Verwenden eines Keramilkteilchenmateri- Dichte hat, welche groeer als
die Dichte des   30  als, das aus der Gruppe ausgewahit wird, die
Keramikmaterials ist, beinhaltend Vermischen       im wesentlichen aus
Siliciumcarbid, Siliciumni- von Metallteilchenmaterial mit Keramikteilchen-
trid, Silicium-Aluminium-Oxynitrid und Gemi- material, dadurch
gekennzeichnet, daB das          schen derselben besteht. Metall eine
Liquidus-Solidus-Temperaturdiffe- ronz von wenigstens 56 'C (100 4F) hat
und  35  9. Verfahren nach Anspruch 3, dadurch gekenn- daB das Gemisch auf
elne Temperatur erhitzt        zeichnet, daB das Metallteilchenmateriai ein
re- wird, die ausreicht, um tellweises Schmeizen       aktives Metall
enthalt, das aus der Gruppe des Metalls zu bewirken, so dal3 mehr als 85
ausgewihIt wird, die aus Y, Hf, Mo, Ti, Mn und J.>   Volumenprozent
Fllssigkeit erzeugt werden          Gemischen derselben besteht. und das
Metall schmilzt und zu einer dichten   40 Matrix wird, wenn es abgekUhIt
wird, wobei die  10. Verfahren nach Anspruch 3, gekennzeichnet
Erhitzungstemperatur nicht ausreicht, um zu        durch ein
Metalltelichenmaterial, das in Ge- bewirken, daB das
Keramikteilchenmaterial in       wichtsprozent im wesentlichen aus 24-26
Cr, der Metallmatrix wosentlich aufschwimmt.           7,5-8,5 W, 3,54,5
Ta, 5,5-6,5 Al, 0,5-1,5 Hf, 45      0,05-0,15 Y, Rest Ni, und Zusatzen von
wenig- 2. Verfahren nach Anspruch 1, gokennzeichnot           stens oinem
Element besteht, das aus der durch Herstellen elnes metallurgischen GefU-
Gruppe ausgewahit wird, die im wesentlichen ges, das eine Kombination aus
gleichachsigen       aus P. B, C und Si besteht. K6rnorn und feinen
Dendriten ist. 50  Revendicatlons 3. Verfahron nach Anspruch 1, dadurch
gekenn- zeichnet, daB das Metall eine Superlegierung    1. Proc~dd de
fabrication d'une matibre abrasive ist, die auf Nickel, Kobalt, Eisen oder
Gemi-      comprenant des matieres particulaires cdrami- schen derselben
basiert.                           ques uniform~ment dispersdes, entourdes
par 55      une matrice fondue de m~tal dont la masse 4. Verfahren nach
Anspruch 1, gekennzeichnet           volumique est supdrieure a la masse
volumi- durch eine Superlegierungsmatrix, die auf Nik-     que de la
matibre c~ramique, comprenant le 



kel, Kobalt, Eisen oder Gemischen derselben        fait de m~langer des
matibres particulaires; md- 7    13                 EP 0 273 854 B1
14    *   C    L    M    S   * talliques avec des matieres particulaires
c6ra-     silicium-aluminium et en m6langes de ces der- miques, caracteris6
par le fait quO 1e m~tal        niers. possbde une difference de
temperature liquidus-solidus d'au moins 56 C (100 F), et    9. Procedd
salon la revendication 3, caractdrisW par le fait de chauffer le melange a
une tem-   5   par le fait quo les matibres particulaires mdtal- p~rature
suffisante pour provoquer la fusion       liques contlennent un mdtal
reactif choisi parmi partielle du m~tal de fagon a obtenir plus de       le
groups comprenant Y, Hfj Mo, Ti, Mn et des 85 pour cent en volume de
liquids, le m~tal         m~langes de ces derniers. fondant on une matrice
dense lors du refroldis- sement, ladite temperature de chauffage 6tant  10
10. Proc~d6 solon la revendication 3, caractdris4 insuffisante pour faire
en sorts que les matib-     par une matibre particulaire m~tallique consis-
res particulaires ceramiques flottent essentiel-   tant essentiellement, en
pour cent en polds, en lement dans la matrice m~tallique.
24-26 Cr, 7,5-8,5 W, 3,5-4,5 Ta, 5,5-6,5 Al, 0,5- 1,5 Hf, 0,05-0,15 Y. le
reste etant Ni, et en des 2. Procedd solon la revendication 1, caracteris6
15  additions d'au moins un 6lment cholsi parmi par le fait de produire une
structure m~tallurgi-  le groups consistant essentiellement en P, B, quo
qui est une combinaison de grains               C et Si. equiaxes et de
dendrites fines. Proc~d6 selon la revendication 1, caracteris4   20 par le
fait quo le m6tal est un superalliage a base de nickel, de cobalt, de for
ou de m~lan- ges de cos derniers. 4. Proced4 solon la revendication 1,
caracteris4   25 par une matrice on superalliage & base de nickel, de
cobalt, de for ou de m6langes de ces derniers, le superalliage contenant au
moins un 6lment choisi parmi le groups consistant essentiellement en Y, Hf,
Mo, Ti et  30 Mn, et au moins un 6l6ment choisi parmi le groupe consistant
essentiellement en B, Si, P et C. 5. Proced4 solon la revendication 1,
caracterise   35 par le fait de produire, dans le metal refroldi, une
structure metallurgique qui possbde au moins un certain nombre de grains
dquiaxes qui derivent de parties non fondues du metal pulverise.
40 6. Proc~d4 solon la revendication 1, caractdris6 par le fait d'utiliser
deux compositions diff~ron- tes de matibres particulaires m~talliques, une
premibre composition ayant un point de fusion   45 inferieur a celui de la
seconde composition. 7. Proced4 salon la revendication 1, caracteris4 par
Is fait de m~langer de 15 a 25 pour cent en volume de matieres
particulaires c~rami-  50 ques avec de 75 a 85 pour cent en volume de
matibres particulaires m~talliques. 8. Proc~d6 selon la revendication 3,
caracterise par le fait d'utiliser une matibre particulaire  55 c~ramique
qui est choisie parmi le groupe consistant essentiellement en carbure de
sill- cium, nitrure de silicium, oxynitrure do 8    


