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CERAMIC COMPONENT CONTAINING INCLUSIONS

Field of the Invention

[1001] The present invention generally relates to ceramic materials, and more
specifically, ceramic bodies having inclusions of lubricious material and processes for

forming same.

Description of the Related Art

[1002] While ceramic materials such as silicon carbide have found particular use
in a variety of industrial applications due to properties such as corrosion resistance
and wear resistance, such ceramics oftentimes do not have sufficient lubricity for
some applications. Accordingly, particularly in the area of silicon carbide ceramic
bodies, graphite loading has been incorporated in an attempt to improve the friction
properties, particularly lubricity at elevated temperatures. Such ceramic components
have found practical use in a variety of applications, including use as seals in dry

environments and wet environments such as automotive pump seals.

[1003] Graphite-loaded silicon carbide bodies have been fabricated through
various techniques. For example, such bodies have been formed by the so-called
reaction bonded process, in which the precursor, typically carbon, is reacted with
molten silicon during a high-temperature operation to form silicon carbide. Such
reaction-bonded bodies typically additionally contain carbon graphite as a secondary

phase that remains in the ceramic body following reaction.

[1004] Another technique utilizes a direct solid-state sintering process, typically
involving pressureless or pressure sinteting of a shaped body formed through powder

processing techniques.

[1005] While the foregoing fabrication techniques and resulting graphite-loaded
silicon carbide bodies represent improvements in ceramic components requiring a
high degree of lubricity, a need continues to exist in the art for further improved

ceramic components and processes for fabricating same.
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SUMMARY

[1006] According to a first embodiment of the invention, a ceramic component is
provided, including a sintered ceramic body having a plurality of inclusions therein.
The ceramic body is formed from a composition comprising a first ceramic material.

In addition, the inclusions include graphite and a second ceramic material.

[1007] According to another embodiment of the present invention, a ceramic
component is provided including a sintered ceramic body and a plurality of inclusions
therein. The sintered ceramic body includes a first ceramic material, and each
inclusion includes a first phase formed of a lubricious material, and a second phase

formed of a second ceramic material.

[1008] According to yet another embodiment, a method for forming a ceramic
component is provided. The method calls for providing a first ceramic material,

forming granules comprised of graphite and a second ceramic material, forming a
shaped body containing a first ceramic material and the granules, and sintering the

shaped body.

BRIEF DESCRIPTION OF THE DRAWINGS

[1009] The present invention may be better understood, and its numerous objects,
features, and advantages made apparent to those skilled in the art by referencing the

accompanying drawings.

[1010] FIG. 1 is a process flow representing a particular fabrication technique

according to an embodiment of the present invention to provide a ceramic component.

[1011] FIG. 2 depicts a structure of the ceramic component, illustrating an

inclusion in a ceramic body.

[1012] The use of the same reference symbols in different drawings indicates

similar or identical items.
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DETAILED DESCRIPTION

[1013] According to embodiments of the present invention, various techniques for
forming ceramic bodies, and in particular, lubricious and/or graphite-containing
ceramic bodies are provided, as well as ceramic bodies formed thereby. In this
regard, turning to FIG. 1, a process for forming a ceramic body according to an
embodiment of the present invention is depicted. First, various materials are mixed
together at mixing step 110. Typically, the materials are mixed together to form a
slurry, and include silicon carbide 112, typically in powder form containing fine
particles, and carbon graphite 114, also typically in powder form containing fine
particles. As is understood in the art, the graphite form of carbon has a particular
platy or layered crystal structure in which carbon atoms in a graphitic plane are held
together by strongly directional covalent bonds in a hexagonal array, and bonding
between layers is provided by weak Van der Waals forces. This crystal structure
largely contributes to the lubricious nature of the graphite. The silicon carbide may

be alpha, beta, or combination of alpha and beta silicon carbide.

[1014] The particle size of the carbon material may vary widely, such as from a
sub-micron particle size to about 30 microns, most typically about 1 to about 20
microns. Similarly, particle size of the silicon carbide may also vary, such as on the
order of 0.1 microns to about 20 microns, typically on the order of about 0.05 microns
to about 5.0 microns. Particular embodiments utilize silicon carbide powder having a

particle size on the order of about 1 micron.

[1015] Further, sintering and/or processing additives 116 may be added to the
mixture, as well as any binders 118 and a fluid 120. Exemplary sintering aids include
boron and carbon-based sintering aids. Particular examples include boron added as
B.C, whereas a carbon sintering aid may be derived from any carbon containing
polymer such as phenolic resin. Exemplary concentrations include 0.5 weight percent
boron and 3.0 weight percent carbon. The weight percentage of the carbon may be
reduced such as on the order of 1.0 to 2.0 weight percent through reduction in
phenolic resin. However, in such a case additional binders for green strength may
have to be added. Typically, fluid 120 is water, forming an aqueous mixture also

known as a slurry. The silicon carbide 112 may be present within a range of about 5

-3-
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weight percent to about 65 weight percent with respect to the total of silicon carbide
112 and graphite 114, leaving graphite present within a range of about 35 weight
percent to about 95 weight percent with respect to the total of silicon carbide and
graphite. Most typically, silicon carbide is present in an amount of about 10 weight

percent to about 50 weight percent, the balance being substantially graphite.

[1016] After formation of a stable slurry at mixing step 110, the slurry is
granulated to form composite granules containing the major components silicon
carbide 112 and graphite 114, as well as any processing/sintering additives 116 and
binders 118. Granulation at step 122 may be carried out by various techniques, the
most commonly used technique being spray-drying, well understood in the art. In
addition to spray drying, the composite granules may be formed by casting, such as

drip casting, also understood in the art.

[1017] The granulating step is carried out such that the composite granules have
an average granule size within a range of about 10 microns to about 400 microns,
typically about 10 microns to about 200 microns, and even more typically, about 20
microns to about 150 microns. The composite granules are stable agglomerates that
contain two main phases, that of the silicon carbide raw material and the graphite raw

material.

[1018] Following formation of the composite granules, the granules are mixed
with additional components at mixing step 124. As with mixing step 110,
sintering/processing additives, binders and a fluid (typically water) are mixed to form
a slurry containing the composite granules from granulating step 122. In additioﬁ,
silicon carbide is also added to the slurry. The silicon carbide 126 may be formed of
essentially the same material as silicon carbide 112. As such, the silicon carbide is
generally in powder form, and may include alpha silicon carbide, beta silicon carbide,
or mixtures thereof. Relative weight percentage of composite granules in the mixture
is generally not greater than about 35 weight percent of the total of the silicon carbide
126 and the composite granules. Accordingly, the composite granules, forming
inclusions, generally make up not greater than about 35 weight percent of the final
form of the ceramic component according to embodiments of the present invention.

Most typically, the composite granules are present in an amount not greater than about

-4.
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25 weight percent, and generally within a range of about 5 weight percent to about 25

weight percent.

[1019] After formation of a slurry by mixing step 124, the slurry is generally
granulated according to step 128 to form secondary granules, in similar fashion to step
122. As with granulating step 122, granulating at step 128 is typically carried out by
spray drying, although alternative forms of granulating may be carried out. The
resulting secondary granules from granulating step 128 generally comprise the SiC/C

composite granules, thickly coated with SiC from the SiC source 128.

[1020] Alternatively, the mixing step 124 may be done entirely in the dry state,
involving mixing of the silicon carbide material 126 with the composite granules from
step 122 to form an intimate dry mixture, for subsequent shaping at shaping step 130.
In this regard, the granulating step 128 is bypassed, and generally the silicon carbide
126 would also be in granulated form for uniform mixing with the composite granules
from step 122. In this case, the granules forming silicon carbide 126 would generally
contain desired sintering/processing additives and binders, in a similar fashion to the

composite granules formed at step 122.

[1021] At shaping step 130, either the dry mixture formed at step 124 or the
granulated product formed at step 128 is shaped to form a green body for sintering at
step 132. Various shaping techniques may be employed, most common of which
include pressing, such as die pressing at room temperature, also known as cold
pressing. Cold isostatic pressing (CIP), extrusion, injection molding and gel casting
are other techniques used to form green bodies prior to sintering. Following shaping,
the shaped body is sintered at step 132 to densify the shaped body. Sintering may be
carried out by pressureless sintering, such as at a temperature within a range of about
1850°C to about 2350°C, such as 1950 °C to about 2200 °C. Sintering may also be
carried out in an environment in which the shaped body is subjected to an elevated
pressure, such as hot pressing and hot isostatic pressing. In these cases, the sintering
temperature may be lowered due to the addition of pressure, whereby densification
may be carried out at lower temperatures. Sintering may be carried out in an inert

environment, such as a noble gas or nitrogen.
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[1022] The ceramic component formed as a result of the foregoing process flow
generally contains a global continuous matrix phase forming a sintered ceramic body,
the global matrix phase having a composition including the ceramic material
incorporated at mixing step 124. In the embodiment described above, that material is
silicon carbide 126. While the foregoing embodiment focused on formation of a
ceramic body having a composition comprising silicon carbide, other base materials
such as zirconia (ZrO,), and alumina (Al,03), and combinations thereof may also be
utilized depending upon the end use of the ceramic component. Most typically,
ceramic material added at the mixing step 110 along with graphite 114 is generally the
same as ceramic material incorporated at mixing step 124. In accordance with the
foregoing embodiment, that same material is silicon carbide, although materials such

as zirconia and alumina may also be utilized, as noted above.

[1023] Further, certain embodiments contemplate utilization of precursor material
that is used to form the composite granules, which is a precursor to the desired final
ceramic material. By way of example, silicon carbide 112 may be substituted with
silica (SiO,), which converts to silicon carbide during the high temperature sintering

operation.

[1024] The ceramic component formed following sintering has a plurality of
inclusions dispersed in the global matrix phase of the ceramic body, each inclusion
including a graphite phase and a ceramic phase and defining a graphite-rich region.
In the embodiment described above, the ceramic phase of the inclusions is silicon
carbide. The inclusions are easily identifiable as such in the finally formed ceramic
component, such as by any one of various known characterization techniques
including scanning electron microscopy. The inclusions typically have an average
size within a range of about 10 to about 400 microns, such as within a range of about
20 to 200 microns. Particular embodiments have inclusions having an average size
within a range of about 30 to 150 microns. Particular working embodiments have

been found to have 75 to 100 micron inclusions.

[1025] This ceramic component typically has a relatively high density, greater
than about 85%, most typically greater than about 90% of theoretical density.
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Particular examples have demonstrated even higher densities, such as greater than

93% and even greater than 95% of theoretical density.

[1026] Typically, the overall content of the graphite in the ceramic component
falls within a range of about 2 weight percent to about 20 weight percent graphite,
such as within a range of about 5 weight percent to about 15 weight percent graphite.
According to a particular feature of the present invention, the inclusions have
essentially a multi-phase structure including a first phase formed of the ceramic
material such as silicon carbide 112, which forms an interconnected inclusion matrix
phase which has a skeletal structure, in which the graphite is embedded. This skeletal
structure or continuous matrix phase of ceramic material of the inclusions
advantageously functions to anchor the graphite (or other lubricious material) in each
inclusion‘, improving the mechanical stability of the graphite. In this regard, attention
is drawn to FIG. 2, depicting ceramic component 1 having sintered ceramic body
having a global matrix phase 10, in which a plurality of inclusions 12 are embedded.
Each inclusion 12 includes continuous matrix phase 14, in which graphite 16 is
embedded. In the context of the embodiment described above, the global matrix
phase 10 and the continuous matrix phase in the inclusion 12 are both formed of

silicon carbide.

[1027] In addition, according to another feature of the present invention,
incorporation of a ceramic material to form ceramic/graphite granules which
eventually form the inclusions 12, aids in sintering and densification of the ceramic
component. Particularly, it was found that single phase graphite granules tend to act
as pinning centers during the sintering process and prevent desired shrinkage and
reduction in porosity of the ceramic component. Accordingly, single-phase graphite
granules tend to prevent effective sintering. Use of composite granules containing a
ceramic phase such as silicon carbide enables shrinkage of the inclusions, thus

attenuating the pinning effects of otherwise single-phase graphite. Accordingly, the

relatively high densities described above can be achieved, even with relatively high

graphite loading as described herein. To clarify, the ceramic material of the

ceramic/graphite granules is present in an unsintered form, such as in powder form as
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described above, which advantageously shrinks and densifies along with sintering and

densification of the global matrix phase.

[1028] According to embodiments of the present invention, the resulting ceramic
component may find particular use as a seal, such as a water pump seal that finds
practical use in automotive applications. The seal may take on any one of various
geometric configurations, annular ones being fairly common, having an outer contour
matching the contour of the components to be sealed, and having an inner periphery

for passage of fluid, including gases and liquids.
[1029] Examples.
[1030] Example 1.

[1031] 1 Kg batch was prepared, including 925g Hexoloy SA silicon carbide and
75g synthetic graphite (dso = 6pm), forming a 92.5% SiC and 7.5% graphite batch.

The details are provided below.

[1032] A quantity of Hexoloy SA slurry containing 75g of solids was combined
with a synthetic graphite powder slurry containing 75g of solids. Binders, surfactants
and a polymeric carbon source are added to the combined slurries and mixed. This

material is then spray dried.

[1033] A second quantity Hexoloy SA slurry containing 850g of solids is mixed
with a slurry containing 150g of solids from the previously made spray dried material
described above. To this combined slurry, binders, surfactants and a polymeric
carbon source are added and mixed together. This hybrid slurry is then spray dried to

produce the final batch product..

[1034] Following preparation of the batch material, a green body was formed,
dried, and fired in accordance with the process techniques disclosed in US Patent
4,179,299. Namely, the green body was sintered in a static Ar atmosphere, at 2200 °C
for 1 hr to form a sintered body. Additional process details are provided in the ‘299
patent. | '
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Table 1 compares density, friction and wear properties of Example 1 as

described above, with respect to Comparative Example 1, which is a state of the art

silicon carbide material from Saint-Gobain Ceramics and Plastics, known as Hexoloy

SA.
SAMPLE SINTERED FRICTION TILE WEAR
' DENSITY (g/cc) COEFFICIENT COEFFICIENT
(mm*/N.m)
El 2.80 0.44 9.13E-06
CEl 3.16 0.41 4.54E-07
Table 1
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CLAIMS

1. A ceramic component, comprising:

a sintered ceramic body formed from a composition comprising a first ceramic
material; and
5 a plurality of inclusions in the ceramic body, each inclusion comprising
graphite and a second ceramic material, wherein the second ceramic

material is the same material as the first ceramic material.

2. The ceramic component of claim 1, wherein the first and second ceramic
materials comprise a material from the group consisting of SiC, ZrO,, B4C, AIN, and

10  Al,Os, and combinations thereof.

3. The ceramic component of claim 1, wherein the first and second ceramic

materials comprise SiC.

4. The ceramic component of claim 1, wherein the first and second ceramic

materials comprise alpha SiC.

15 5. The ceramic component of claim 1, wherein the second ceramic material

comprises SiC, which is formed by conversion of SiO; into SiC during sintering.

6. The ceramic component of claim 1, wherein the inclusions have an average

size within a range of about 10 to about 400 microns.

7. The ceramic component of claim 6, wherein the inclusions have an average

20  size within a range of about 20 to about 200 microns.

8. The ceramic component of claim 7, wherein the inclusions have an average

size within a range of about 30 to about 150 microns.

9. The ceramic component of claim 1, wherein the component has a density

not less than about 90% of theoretical density.

-10 -
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10. The ceramic component of claim 1, wherein the inclusions are formed

from granules containing the graphite and the second ceramic material.

11. The ceramic component of claim 10, wherein the granules are present in
an amount of not greater than about 35 wt% of a total of the composition forming the

5  ceramic body and the granules.

12. The ceramic component of claim 10, wherein the granules are present in
an amount of not greater than about 25 wt% of a total of the composition forming the

ceramic body and the granules.

13. The ceramic component of claim 10, wherein the granules are present in
10  an amount of about 5% to about 25 wi% of a total of the composition forming the

ceramic body and the granules.

14. The ceramic component of claim 10, wherein the granules contain about 5
wit% to about 65 wt% of the second ceramic material, the balance of the granules

being substantially graphite.

15 15. The ceramic component of claim 10, wherein the granules contain about
10 wt% to about 50 wt% of the second ceramic material, the balance of the granules

being substantially graphite.

16. The ceramic component of claim 10, wherein the second ceramic material
is provided in the granules in an unsintered form, and is sintered with sintering of the

20  ceramic body.

17. The ceramic component of claim 1, wherein the ceramic component

comprises about 2 wt% to about 20 wt% graphite.

18. The ceramic component of claim 1, wherein the ceramic component
comprises about 5 wt% to about 15 wt% graphite.
25

-11-
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19. A ceramic component, corqprising:
a sintered ceramic body formed from a composition comprising a first ceramic
material; and
a plurality of inclusions in the ceramic body, each inclusion comprising
5 graphite and a second ceramic material,
wherein the second ceramic material forms a continuous matrix phase in the

inclusions, in which continuous matrix phase the graphite is embedded.

20. The ceramic component of claim 1 or 19, wherein the ceramic component

is a seal.
10 21. The ceramic component of claim 20, wherein the seal is annular.

22. The ceramic component of claim 20, wherein the seal is a water pump
seal.

23. A ceramic component, comprising:
a sintered ceramic body formed from a composition comprising a first ceramic
15 material; and
a plurality of inclusions in the ceramic body, each inclusion comprising (i) a
first phase comprising a lubricious material, and (ii) a second phase
comprising a second ceramic material, wherein the second phase forms

a continuous matrix phase in which the second phase is embedded.

20 24. A method for forming a ceramic component, comprising:
‘providing a first ceramic material;
forming granules comprised of graphite and a second ceramic material,
wherein the first and second ceramic materials are the same material;
forming a shaped body containing the first ceramic material and the granules;
25 and
sintering the shaped body.

-12-
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25. The method of claim 24, wherein granules are formed by granulating fine

particles of said second ceramic material with fine particles of graphite.

26. The method of claim 25, wherein granulating is carried out by casting or

by spray drying.

5 27. The method of claim 25, wherein granulating is carried out by spray

drying.

28. The method of claim 24, wherein further comprising mixing the granules

and the second ceramic material to form a mixture.

29. The method of claim 28, the mixture is in the form of a slurry, and further
10  comprising a step of granulating the slurry to form a granulated product for forming

the shaped body.

30. The method of claim 24, wherein the granules comprise about 5 to about

65 wit% of said second ceramic material.

31. The method of claim 24, wherein the granules have an average size within

15  arange of about 10 microns to about 400 microns.

32. The method of claim 24, wherein the shaped body is formed by pressing.

33. The method of claim 24, wherein sintering is carried out by a pressureless

sintering.

34, The method of claim 24, wherein the first and second ceramic materials

20  comprise SiC.

35. The method of claim 34, wherein the first and second ceramic materials

comprise alpha SiC, beta SiC, or a combination of alpha SiC and beta SiC.

-13 -
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