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Background Art

Silicon carbide composites have been produced by reactive infiltration techniques

15  for more than thirty-five years. In general, such a reactive infiltration process comprises
contacting molten silicon with a porous mass containing silicon carbide plus carbon in a
vacuum or an inert atmosphere environment. A wetting condition is created, with the
result that the molten silicon is pulled by capillary action into the mass, where it reacts
with the carbon to form additional silicon carbide. This in-situ silicon carbide typically is

20 interconnected. A dense body usualily is desired, so the process typically occurs in the
presence of excess silicon. The resuiting composite body thus comprises silicon carbide
and unreacted silicon (which also is interconnected), and may be referred to in shorthand
notation as Si/SiC. The process used to produce such composite bodies is

interchangeably referred to as “reaction forming”, “reaction bonding” or “reactive
25 infiltration”.

In one of the earliest demonstrations of this technology, Popper (U.S. Patent No.
3,275,722) produced a self-bonded silicon carbide body by infiltrating silicon into a
porous mass of silicon carbide particulates and powdered graphite in vacuo at a
30 temperature in the range of 1800 to 2300 C.



30 tenperature in the range of 1800 to 2300 C. WD 01/07377 PC 1US99116449 2
Tayl or (@b%hmﬁg%ent No. 3, 205,043) al so produced dense silicon carbide
bodies by Treactively infiltrating silicon into a porous BOUYSeMIs#49 ni ng
silicon carbide and free carbon. Unlike Popper, Taylor first made a preform
consisting essentially of granular 5 silicon carbide, and then he introduced
a controlled anount of carbon into the zhaped mass. In one enbodi nent of

his invention, Taylor added the carbon in the formof a carbonizable resin,
and then heated the mass containing the silicon carbide and infiltrated
resin to deconpose (carbonize) the resin. The shaped mass was then heated to

a tenperature_ of a st 0 in.the presence of silicaon_ to cause the
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carbide like SIC, TiC or ZrC anitride like Si3N4, TiNor AN, an oxide
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enbodi mrent of the Chiang et al. invention, the preformcan be a porous

carbon preform the liquid infiltrant alloy can be a silicon-alum num all oy
Hillig and his colleagues at the General Electric Company took a different

approach, where fibrous versions of Si/SiC composites were produced by reactively
infiltrating carbon fiber preforms.

15

More recently, Chiang et al. (U.S. Patent No. 5, 509,555) discloses the production

of silicon carbide composite bodies through the use of a silicon alloy infiltrant. The
preform to be infiltrated by the alloy can consist of carbon or can consist essentially of
carbon combined with at least one other material such as a metal like Mo, W, or Nb; a

20  carbide like SiC, TiC, or ZrC; a nitride like SizN4, TIN or AIN; an oxide like ZrO, or
AL O;; or an intermetallic compound like MoSi; or WSis, or mixtures thereof. The liquid
infiltrant includes silicon and a metal such as aluminum, copper, zinc, nickel, cobalt, iron,

manganese, chromium, titanium, silver, gold, platinum and mixtures thereof,

25 In a preferred embodiment of the Chiang et al. invention, the preform can be a
porous carbon preform, the liquid infiltrant alloy can be a silicon-aluminum alloy
containing in the range of from about 90 at% to about 40 at% silicon and in the range of
from about 10 at% to about 60 at% aluminum and the carbon preform can be contacted

with the silicon-aluminum alloy at a temperature in the range of from about 900 C to
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for additional machining steps. They describe a nunber of non-
Cu. Such drastic compositional changes can make processing difficult; this same Table

revealed that when the infiltrant alloy started out at about 30 at% Si, 70 at% Cu, pressure

was required to achieve infiltration. Pressure infiltrations require much more complex
15  and expensive equipment than do pressureless infiltration techniques, and usually are
more limited in the size and shape of the parts that can be produced thereby. Thus, while
the present invention is not limited to pressureless systems, unless otherwise noted, the
mfiltrations of the present invention refer to those not requiring the application of
pressure.
20
Chiang et al. state that their method allows production of composites very near
net-shape without a need for additional machining steps. They describe a number of non-
machining techniques for removing the residual, unreacted liquid infiltrant alloy
remaining on the reacted preform surface. Specifically, Chiang et al. state that following
25 infiitration, the composite body may be heated to a temperature sufficient to vaporize or
volatilize the excess liquid alloy on the surface. Alternatively, the reacted preform may
be immersed in an etchant in which the excess unreacted liquid infiltrant is dissolved

while the reacted preform is left intact. Still further, the reacted preform may be



machi ni Rgohpea ques for removing the residual, unreacted liquid infiltrant
alloy remaining on the reacted preformsurface. Specifi cBETYS9@#48Ng et al .
state that following 25 infiltration, the conposite body may be heated to a
tenperature sufficient to vaporize or volatilize the excess liquid alloy on
the surface. Alternatively, the reacted preformmy be imersed in an
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reaction formed body.

15 The “wicking means” solution of Brun et a). to the problem of removing excess
adhered silicon, while perhaps effective, nevertheless requires the additional processing
steps of contacting the formed composite body with the wicking means and re-heating to
above the liquidus temperature. What is needed is a means for eliminating or at least
minimizing the degree of residual infiltrant adhered to the formed silicon carbide

20  composite body.

It is an object of the present invention to produce a silicon carbide composite
body to near-net shape, thereby minimizing the amount of grinding and/or machining
necessary to achieve the required dimensions of the finished article.

25
It is an object of the present invention to produce a silicon carbide composite

body of improved toughness.



IS an %bdd@g% of the present invention to produce a silicon carbide
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PCT/ US99/ 16449 5 It is an object of tHe present invention to produce a
silicon carbide conposite body of increased thermal conductivity. It is an
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i nvent i orfhe flﬂ%on-beaz/'m mfc ltrant material. P

10

It is an object of the present invention to produce a silicon carbide composite

body at a temperature that is substantially less than the melting point of pure silicon.

It is an object of the present invention to produce a silicon carbide composite
15  body without having to resort to boron-containing barrier materials or expensive molds to

control the extent of infiltration.

Disclosure of the Invention
20

These objects and other desirable attributes of the present invention are
accomplished through careful control of a number of the processing conditions employed
in making composite bodies by reactive infiltration. In terms of the present invention, the
most important of these processing conditions is infiltrant chemistry. Specifically in

25  accordance with the present invention, the infiltrant material comprises at least two

constituents, and at least one of the constituents comprises silicon.

It has been noted that silicon undergoes a net volume expansion of about 9
percent upon solidification. Thus, in accordance with one aspect of the present invention,

30 by alloying the silicon with a material that undergoes a net volume shrinkage upon



most i NMRPH f these processing conditions is infiltrant chem stry.
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permeable mass to be infiltrated at relatively low levels. Preferably, the amount of free

15  carbon in the permeable mass is kept as low as necessary to accomplish complete
infiltration in a reliable manner but without unduly compromising the binder qualities of
the carbon when preforms (e.g., self-supporting permeable masses) are used. This way,
large bodies can be infiltrated with minimal changes in the infiltrant alloy composition,
thereby resulting in a silicon carbide composite body having a dispersed alloy phase of

20  relatively uniforrn composition throughout the body.

The use of a multi-constituent infiltrant composition has additional advantages
beyond the ability to produce composite bodies whose alloy component has zero or near-
zero volumetric change (swelling or contraction) upon solidification.

25

For instance, and in another major aspect of the present invention, the alloying of
silicon infiltrant with one or more different elemental constituents can substantially
depress the melting point of the infiltrant. Desirable alloying elements in this regard

include aluminum, beryllium, copper, cobalt, iron, manganese, nickel, tin, zinc, silver and



20 relatively uniform conposition throughout the body. The use of a
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mention savin energy
materials such as a loose mass of ceramic particulate may be used. Thus, the ability to

conduct infiltrations at lower temperatures gives operators more control over the process,
not to mention saving time and energy.
15

Brief Description of the Drawings

Figures 1A and 1B are side and top schematic views, respectively, of an
arrangement of materials used to produce a silicon carbide composite “U-channel” in

20  accordance with Example 4; and

Figure 2 is a photograph of a silicon carbide composite air bearing support frame

produced in accordance with Example 6.

25
Best Modes for Carrying Out the Invention

According to the methods of the present invention, a permeable mass containing

at least some carbon is infiltrated with a molten, multi-constituent afloy comprising
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supplied to the permeable mass, and the residual alloy in the composite body is

interconnected.

The present invention encompasses placing one, several or all of the constituents
15  of the multi-component infiltrant within the permeable mass to be infiltrated, or at an
interface between the mass and an adjacent body of the infiltrant material. Preferably
though, the constituents of the infiltrant material are provided as an alloy, possibly in
ingot or other bulk form, that is then brought into contact with the permeable mass to be
infiltrated. The infiltrant material may be placed into direct contact with the permeable
20  mass to be infiltrated, or the infiitrant material may remain substantially isolated from the
permeable mass, with a wicking means interposed between the two to create a pathway or
conduit for the molten infiltrant material to migrate toward and into the permeable mass.
The wicking means could be most any material that is wet by molten infiltrant matertal,
with silicon carbide being preferred.
25
The present invention contemplates producing in-situ silicon carbide.
Accordingly, at least one constituent of the multi-constituent infiltrant material comprises
silicon. The other constituent(s) may be any that are capable of producing some desirable
effect during processing or on the final character or properties of the resulting composite

30 body. For example, the non-silicon constituent(s) may give rise to an alloy having a
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attributes
include aluminum, copper, iron, nickel, cobalt and titantum. Particularly preferred are

15  aluminum and copper.

One such alloying element that has been identified as fulfilling all three desirable
attributes is aluminum. The present inventors have observed that a silicon carbide
composite body that also contains some aluminum phase is substantially tougher than a

20  silicon carbide composite containing residual, unreacted silicon. Still further, the present
inventors have discovered that when the residual infiltrant component of the composite
body comprises about 40 to 60 percent by weight silicon and 60 to 40 percent aluminum,
the volume change of the residual infiltrant phase is practically zero. In a particularly
preferred embodiment, a preform comprising silicon carbide particulate and about one to

25  several percent by weight of carbon may be readily infiltrated in a rough vacuum at about
1100 C with an infiltrant alloy comprising roughly equal weight fractions of silicon and
aluminum to produce a composite body comprising silicon carbide plus residual alloy
having a composition of about 40 to 45 percent by weight silicon, balance aluminum. In

addition, the present inventors have discovered that at this lower infiltration temperature



I nclude al um num beryllium copper, cobalt, iron,-nmanganese, nickel, tin,
zinc, si WPMO73730| d, boron, nmagnesium cal cium barium SPCPSHUTELS
germanium |ead, titanium vanadium nolybdenum chromum yttrium and
zirconium Preferred constituents include alum num copper, iron, nickel,
cobalt and titanium Particularly prefqpred are 15 alum numand copper. One
such alloying elenent that has been identified as fulfilling all three
desirable attributes is alum num The present inventors have observed that

a silicon B fR0CC 9 TRREL ; ; | ' phase is
substantigf ;? t oughér thaﬁﬂags ggﬂgﬁqﬁ%bﬁ@c%?%?‘g%&?%‘png%g%°§wa| mEnng

resi dual , permeable treeds or prieform to Seiitfiltrhted Without itself bpingdnfiltratédbiethe atoltefnave

di scovered _t hat en.the residual infiltrant conponent of the cqnposite
body conp t'a%ﬁgls%"% g&?ﬂiﬂé@ﬂ{es Hy fwmaging oppratien And, Abvigtss the nged per cent
al um num gorle Qe hﬁgmﬂﬁing sidual infiltrant phase is practically
zero. In grpgﬁnlxcu:ég% y pre rapgz&%bdi ment, a preformconprising silicon
carbi de particulate and about one to 25 several percent by wei ght of carbon

may be readily_infiltrated in a rough, vacu at about. 1100 Cwith an
infiltrant al |B*yge€6'f?i; %ﬁcﬁlj’%ﬁgm‘yﬁ@aﬁfbﬂ agAR 15 qonducted & e lawyest @on and

Luni a ; e A ' de ol
resi dual e a0 ARRARLAL aRPOa) RIS I Rl ERCRBT A, T L1 g
silicon, tealparangeaheimonerobustis thednlfiltration. Uhecessadiotiigh fifdtmitivhs have

di scovered that at this lower infiltration tenperature WO 01/ 07377
PCTI US99/ teBwpgmiurearg nobemly tvastefi an tepms poanersyaeostsgnd dhe exterheatingante

ti gl : : . to b
Por | 0 SEpEe RnfbpldRe, bt RIORY Bk s S HRBH R IRABREEPSELEINT 2 0 1
di scover ymgnissiof yeramiqnaterials thiddare usosity thougher as being areet andwingrifiigatitiie need

for expensive graphite fixturing and toQling. 5 |n general, the tenperature
at whi ch #tmeoderats empsratyss (&g cammmmpexite bop migigessiligen nitride) can lose

their inert character or are infiltrated by silicon at elevated temperatures (e.g., about 1500

C and above), particularly under vacuum. Thus, it becomes quite a chailenge to house or

15  support a permeable mass to be infiltrated and to minimize the degree of over-infiltration
into the supporting material, or reaction therewith. Such over-infiltration typically results
in the over-infiltrated material being bonded to the infiltrated mass, necessitating costly
grinding or diamond machining for its removal. Another problem with unnecessarily
excessive infiltration temperatures is that the non-silicon constituent(s) may have a higher

20  vapor pressure than the silicon component, with the undesirable result that such
constituent is readily volatilized out of the infiltrant alloy, changing the alloy chemistry
and contaminating the fumace.

The atmosphere in which the infiltration of a silicon-containing alloy is conducted
25  is usually one that is inert or mildly reducing. Accordingly, argon, helium, forming gas
and carbon monoxide may be used. A vacuum environment is preferred, however, at

least from the standpoint of facilitating the reliability or robustness of infiltration.
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the distribution of constituents of the infiltrant phase to equilibrate. For large

15 components, such “annealing times” could be so long as to be impractical.

While it is certainly possible to infiltrate masses containing larger amounts of
carbon, what is preferred in this invention is a permeable mass containing less than about
25 percent by weight carbon, and more preferably less than about 10 percent. For many
20  of'the products contemplated by the present invention, a representative selection of which
are shown in some of the Examples, a particularly preferred range is about 1 percent to

about 5 percent.

The balance of the permeable mass may comprise one or more materials that are
25  substantially inert under the process conditions, e.g., “filler materials”. Candidate filler
materials for use in the present invention would include the carbides such as SiC, B.C,
TiC and WC; the nitrides such as Si;Ns, TIN and AIN; the borides such as SiB,, TiB,,
and AlB;; and oxides such as Al,0; and MgQ. The form of the filler material may be
any that can be produced, for example, particulate, fiber, platelet, flake, hollow spheres,
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material bodies may range in size fromsubmcron to several mllineters,
Permeable masses comprising one or more filler materials may range appreciably

in terms of their packing or theoretical density. For example, a permeable mass

15 comprising flakes or a reticulated structure may be only 5 to 10 percent dense. At the
other extreme, a sintered preform may be 90 to 95 percent dense. As long as the preform
is capable of being wetted by the infiltrant material and contains interconnected porosity,
it should be capable of being infiltrated to form the composite bodies of the present
invention.

20

The form of the carbon component, on the other hand, is significant, especiaily

when attempting to infiltrate filler materials that are normally difficult to infiltrate, e.g.,
the oxides. While carbon in particulate form may be satisfactory for infiltrating a mass of
silicon carbide, other fillers may necessitate that the carbon be reticulated or forming a

25  network or skeletal structure. Especially preferred is carbon in the form of a coating on
the filler material bodies. Such a form of carbon can be achieved by introducing the
carbon into the permeable mass in liquid form, as for example, a resin. The permeable
mass containing such a carbonaceous resin is then thermally processed to decompose or

pyrolyze the resin to solid carbon, which may be graphite, amorphous carbon or some
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Curing the binder then renders the formed body self-supporting.

15 In another embodiment, careful observation of the differences in infiltratability of
various permeable masses has enabled these differences to be exploited to advantage.
Specifically, those materials that are substantially non-infiltratable under the process
conditions can be used as bedding materials for supporting the permeable mass to be
mfiltrated. This result is significant because the bedding materials are usually

20  significantly cheaper than graphite molds or “boats”.

Through careful observation and experiment, the present inventors have noted the
general conditions (or trends in changing conditions) whereby infiltration tends to occur
or is enhanced, and those conditions under which infiltration tends not to occur, or tends

25  to be inhibited. For example, the inventors have observed that reactive infiltration of an
infiltrant comprising silicon into a permeable mass comprising carbon occurs more
robustly when the carbon is present in elemental form rather than chemically combined
with other elements. Furthermore, the infiltration is more robust when the elemental

carbon is present in three-dimensionally interconnected form, as opposed to discrete
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15 It is well known that a permeable mass comprising silicon carbide, for example, is
infiltratable by silicon melts to produce a composite body. In the absence of free carbon,
however, silicon carbide is reliably infiltrated by silicon (e.g., “siliconizing™) only at
temperatures well above the melting point of silicon. At temperatures just slightly above
the silicon melting point, infiltration becomes rather difficult. If a metal like aluminum is

20  alloyed with the silicon, the melting point or liquidus temperature is depressed, and the
processing temperature similarly can be decreased, which further reduces the propensity
for infiltration. Under these conditions, such silicon carbide material can be used as a
bedding or barrier material. One desirable aspect of using silicon carbide as a bedding
material is that in situations where impurities or contamination is an issue (e.g.,

25  semiconductor applications), the same source of silicon carbide can be used as a bedding
material as is used as a permeable mass to be infiltrated without exposing the resulting

silicon carbide composite body to alien or additional contaminants.
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This result is significant because it dispenses with the need for graphite structures

15  such as molds or “boats™ to directly support the infiltrant material or the preform or
permeable mass to be infiltrated. Not only are such large graphite structures expensive,
but also the silicon-containing infiltrant has a tendency to react with and bond to the
graphite, making separation and recovery of the infiltrated body difficult. The graphite
boats in particular are frequently damaged or even destroyed. Additionally, such

20  separation and recovery efforts often result in damage to the composite body, which can
be relatively brittle without the toughening effects of a metal phase. While it is possible
to apply a protective coating of, for example, boron nitride to the graphite boat or to the
preform surface in contact therewith to prevent or minimize the bonding effect, some end
uses for the formed body, such as certain semiconductor applications, cannot tolerate the

25  potential for the presence of boron. Moreover, the boron nitride coatings are not robust
infiltrant barriers, especially at the higher infiltration temperatures, and often a small
breach in the coating allows the infiltrant to infiltrate and react with a large zone of the
underlying graphite material. Thus, the present invention permits the graphite trays or
boats to be used to support the bedding material, which in turn supports the permeable
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W t hout the to,tf.gheni_ng effects of a_netal phase. Wiile it is possible
e particlarly preferred alloying element of aluminum by itself exhibits a

15  solidification shrinkage of some 6.6 percent by volume. Under the preferred conditions
of a vacuum environment and a silicon carbide permeable mass containing
interconnected free carbon, infiltration can be achieved using infiltrants ranging from
about 10 percent by weight silicon up to substantially 100 percent silicon. Accordingly,
the residual infiltrant component of the formed silicon carbide body may range from

20  nearly 100 percent aluminum to substantially 100 percent silicon. Thus, the volumetric
change of the residual infiltrant material upon solidification can be tailored with infinite
variability between negative 6.6 percent (for pure aluminum) and positive 9 percent.
Although it is advantageous to reduce solidification shrinkage, say for example to
negative 2 or negative 1 percent, it is highly desirable and highly advantageous to reduce

25 solidification swelling from positive 9 percent to perhaps positive 7, positive 5 or positive
3 percent, or less. Of course, from this perspective of infiltrant shrinkage/swelling upon

solidification, zero change is best.
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it Is possible to produce a conposite body whose residual infiltrant
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concomitant risk of damaging the attached composite body. Also, it would be desirable

15 tonot have to undertake this extra manufacturing step.

An even more serious consequence of the solidification swelling of the silicon
constituent is possible swelling of the entire composite structure, thereby complicating
efforts to produce net-shape parts. Still worse is the risk that such solidification swelling

20  will cause cracking of the composite body, a risk which increases as the size of the

composite body increases.

Thus, the ability to reduce or even eliminate this solidification expansion of the
silicon constituent of the infiltrant material by alloying the silicon with a material that
25  shrinks upon solidification represents an important advance in the field of silicon-
containing composite materials. Not only may such composite bodies be made more
dimensionally accurate in the as-infiltrated condition, but may be produced without

requiring an extra process step to remove the exuded silicon. Additionally, larger bodies
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directional solidification of the conposite body is enployed to acconplish
this desired result. The opposite problemactually is nore frequently
encount e re silicon infiltrations are concerned: where the infiltrant
expands upon solidification, and the 10 conposite body cannot hold the
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woul d be | ot have to undertake this extra manufacturing
step. An ﬁé&\?’lg%;e%%ogsé%cfugag consequence of the solidification swelling of the

silicon

15 First, a preform was prepared as follows. One hundred parts by weight of
CRYSTOLON blocky (regular), green silicon carbide particulate (St. Gobain/Norton
Industrial Ceramics, Worchester, MA) was combined with fifieen parts of Karo corn
syrup (CPC Intenational Inc., Englewood Cliffs, NJ) by mixing. The silicon carbide
particulate content consisted of about 70 percent having a median particle size of about

20 44 microns (Grade F 240), and the balance having a median particle size of about 13
microns (Grade F 500). The mixing was conducted in a Model RV02 Eirich high shear
mixer as follows: First the SiC particulates were mixed for 2 minutes on the “low™
speed. Then half the corn syrup was added and mixing continued on “low” for an
additional 1 minute. Then mixing was interrupted to scrape the mixing bowl. Then the

25  remaining half of the com syrup was added and mixed for 1 minute on “low”. After
another interruption to scrape the bow!, mixing resumed on “low” for 2 additional

minutes, then finished on the “high” speed for 1 minute.

The admixture was pushed through a 16 mesh screen (average opening size of
30  about 1180 microns) to break up agglomerates.
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that such solidification swelling 20 will cause cracking of the conposite
body, a risk which increases as the size of the conposite body increases.
Thus, the ability to reduce or even elijgnnate this solidification expansion
of the silicon constituent of the infiltrant material by alloying the
silicon with a material that 25 shrinks upon solidification represents an
I nportant advance in the field of silicon containing conposite materials.
Not only may such conposite bodi es be made nore _dinensionally accurate in
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Engl ewood Cdiffs, NJ) by mxing. The silicon carbide particul ate content

consi st edo gmbigmbtemprratye; theprefomm wag resovesed amphe furgaee andaalaylatedhout
(based upon bulk density measurements) as hax:ring a volumetric loading of about 61
percent of theoretical. Carbon analysis via oxidation, performed on a similar sample,
showed the presence of about 2.5 percent by weight of free carbon in the preform.
15
Next, a lay-up to confine the infiltration process was prepared. Specifically, the
interior surfaces of a Grade ATJ graphite boat (Union Carbide Corp., Carbon Products
Div., Cleveland, OH) measuring about 375 mm by about 298 mm by about 51 mm deep
was coated with a boron nitride shurry or paint at a rate or thickness of about 3.1 mg per
20  square centimeter. The boron nitride paint was prepared by mixing four parts by weight
of LUBRICOAT boron nitride paste (ZYP Coatings, Oak Ridge, TN) with three parts
water and spray coating using a Model 95 Binks spray gun.

The 46 gram preform was placed into the coated graphite boat. About 23 grams
25  ofsilicon in lump form (Elkem Metals Co., Pittsburgh, PA) and comprising by weight
about 0.5 percent Fe (max) and the balance Si, was placed on top of the preform. The top
of the boat was covered with a loose-fitting (non-hermetic) BN coated graphite lid.
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performed on a simlar sanple,” showed the presence of about 2.5 percent by
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infiltration gr 0Cess S prepared. Specifically, the
approximately ambient temperature.

The furnace atmosphere was brought back to ambient pressure and the lay-up was
15 removed from the furnace. Disassembly of the lay-up revealed that silicon had fully
infiltrated the preform to form a composite body comprising silicon carbide and silicon.
After sandblasting off the residual silicon at the surface where infiltration commenced, a
density of the composite body of about 2.89 g/cc was measured by the water immersion
technique. Using the theoretical densities of SiC and Si, the body was calculated as being
20  about 64 percent by volume of SiC and 36 percent.Si.

Example 2

The technique of Example 1 was repeated, with a major change being that the
25  infiltrant featured aluminum substituted for about half of the mass of silicon. Thus,
excluding impurities, the infiltrant was about 50 percent by weight silicon and about 50
percent aluminum. Also, in this Example the infiltration was conducted at a lower

temperature than in Example 1.
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15 Example 3

This example demonstrates the effect of infiltrant chemistry on some selected

physical properties of a silicon carbide composite body.

20 Two identical preforms were made using the materials and procedures similar to
those detailed in Example 1. Following pyrolysis, each preform comprised by volume

about 70 percent SiC and by weight about 3 percent elemental carbon.

One of the preforms, Sample A, was infiltrated according to the infiltrant
25  composition and thermal processing schedule detailed in Example 1. The other preform,
Sample B, was infiltrated according to the infiltrant composition and thermal processing
schedule described in Example 2. Thus, Sample A was infiltrated with nominally pure
siicon, and Sample B was infiltrated with nominally Si-50Al alloy. Following
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Si gni fqigca ’ ex a3 00zZi out of e surface of
Tige n?@g,&yg S 4i8 Bluisk ERAY 84 308

t he forned y of the conposite body was again” about 2.89

g/ cc. 15 Bodssph's Raitio Ultrasonic Pulse Echo 0.18 0.20
Flexural Strength (MPa) Four-Point Bend. 272+/-13 ?;05+/-1 0
Fracture Tough. (MPa-m'?) Chevron Notch 3.7+/-0.3 7.0+/-0.5
CTE, 20-100 C (ppmv/K) T™A 29 4.8
15  Thermal Conduct. (W/m-K) Photo Flash 180 218
Example 4

This example demonstrates the fabrication of a silicon carbide composite “U

20  channel” featuring a multi-constituent infiltrant phase.

Preforms were prepared by a sedimentation casting process. Specifically, about
25 parts of liquid were added to 100 parts of CRYSTOLON blocky (regular), green
silicon carbide (St. Gobain/Norton Industrial Ceramics, Worchester, MA) and 8 to 12
25  parts of KRYSTAR 300 crystalline fructose (A.E. Staley Manufacturing Co., Decatur,
IL) to make a slurry. The silicon carbide particulate consisted of about 70 parts by
weight of Grade F 240 (median particle size of about 44 microns) and the balance Grade
F 500 (median particle size of about 13 microns). The solids and liquids were added to a

plastic jar and roll mixed for about 40 hours. The slurry was de-aired in about 760 mm of
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allowed to dry. The slurry was poured into the cavity. Vibration was commenced.

After the particulates had fully settled (about 3 hours), vibration was halted. The
residual liquid on the top of the casting was blotted up with a sponge. The graphite plate
and the castings in the rubber mold thereon well'e transferred from the vibration table to a
freezer maintained at a temperature of about ~15 C. The casting was thoroughly frozen
in 6 hours time.

From the freezer, the frozen casting was demolded and placed onto a graphite
setter tray for drying and bisque firing. The graphite tray and preform were then placed
into a nitrogen atmosphere furnace at ambient temperature. The furnace was energized
and programmed to heat to a temperature of about 40 C over a period of about one-half
hour, to hold at about 40 C for about 2 hours, then to heat to a temperature of about 650 C
over a period of about 5 hours, to hold at about 650 C for about 2 hours, then to cool
down to about ambient temperature over a period of about 5 hours. The bisque fired
preform was removed from the furnace and stored until the infiltration step. This firing
operation pyrolyzes the fructose, yielding a well bonded preform containing about 2 to 3
percent by weight carbon.

The above-mentioned steps were employed to produce a “beam” preform and a
“U-channel” preform. The U-channel preform had a mass of about 182 g and had overall
dimensions of about 76 mm long by about 64 mm wide by about 38 mm high. This

15
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to dry. The sl yr . ' t avity. Vibration was conmenced. 10
After the part#&%gﬁﬁ‘ﬁg@{aﬁgﬁi}"@gglgpw?émgabout 3 hours), vibration was
halted. The residual liquid on the top of the casting was blotted up with a
sponge. The graphite plate and the castings in the rubber nold thereon were

transkerred frRefemng toifigures b and bBCRY STOLION dlosky rgreen silieasucazbide
t t . t -1 .Th t. hi f i 6 h
T 8 abiliad B9 Poving 3 ek B8 el Be Ry 2 TR i F Bl st oo et ot o &

graphi t e Gobain/Norton Industrial Ceramics, Worchester, MA) was poured into a graphite tray 13

measuring about 400 mm square by about 50 mm in height. This silicon carbide
particulate bedding material was arranged within the graphite tray so as to be slightly
15  higher in elevation out towards the wall of the tray than towards the center of the tray.

The U-channel preform (and specifically the base portion thereof) was placed into
contact with the beam. More specifically, the U-channel preform was cemented to one
end of the beam preform with a slurry comprising by weight about 67 percent

20 CRYSTOLON regular green silicon carbide particulate (Grade F 500, St. Gobain/Norton
Industrial Ceramics) having a median particle size of about 13 microns, and the balance
being about equal weight fractions of water and KRYSTAR 300 fructose (A.E. Staley
Manufacturing Co.). Following the pyrolysis cycle to carbonize the fructose, the bonded
preforms were piaced onto the SiC particulate bedding material with the U-channel

25  preform 12 at the higher elevation, and the opposite end of the beam preform 15

extending down towards the lower elevations.

A number of fragments 17 of an infiltrant material comprising by weight about 68

percent silicon, balance substantiaily pure aluminum and having a total mass of about 62



setter t‘é@y for drying and bisque firing. The graphite tray and preform were
then pla 730 a nitrogen atnosphere furnace at anbi enpCTeESPRIcaiour €. The
furnace was energi zed and programred to heat to a tenperature of about 40 C
over a period of about one-half 20 hour, to hold at about 40 C for about 2
hours, then to heat to a tenperature ohgabout 650 C over a period of about
5 hours, to hold at about 650 C for about 2 hours, then to cool down to
about anbi ent tenperature over a period of about 5 hours. The bisque fired

pref or m wawereeitavgel dtrtherfdon of fhie beas @refnith, 3t Biedstvertiévatibhe Aidditidnkl at i on st ep.
This firing operation_p¥rolyzes the fructose, yielding a well bonded

pr ef or m cOREaFAOYCanainulate Was aranpsd jnse aegil9 Bipuiné therpilecofiinBivantmnaterial

above- neni4 c "b preformand a

"0 ehanne) e e 0k eribt R4 e Bl Bnera BB ke L B8 8r83%, "and hac
overal | wiérsgrsi placed ¢htoallatger faphite contaivier (3/g.20 biat’§hating fim- by about 38 mm
hi gh. This WO 01/ 07377 PCT/ US99/ 16449 24 preform consisted of a flat base

and two fhemmetigally seplimegranhitedid, hiseeby sompletingithe lay-upi ght  angl es with respect
to the base. The base and walls were each about 10 mmthick. The beam
preformwas in the shape of a rectangul ar prism and neasured about 89 mm

long by aboutTHellayap Wadeldeed ahe Wl achubi Fiiitice K ThHédtIAG chifnbbd wad | on, this
beam preform5 woul d serve as_a conduit for conducti ngc);]mnol ten infiltrant
t owar d arf¥a¢ustes tp @ressereheiny 10Gmdlitprmyitna meghanical soughintg pumpt Thh was t hen

e by do. BAPPRCtTfeeBaehf et ek o BR A e iabint oF eyt “BEe a8 T G o
(G adg F 1900°Chver sGpRAV YRS S hokRd tinh hiRlat @gdl'}g[i”fzg(g”c ¥R L6AR S Rur dg@ was

poured into a graphite tray 13 neasuring a mm squar e by about 50 nm

i n hei ghtheafliit@alsout 1 270PCoiarabbatel houa!therrhdldheaboer i 709Criet sioued hvas, ar r anged
within the graphite tray so as to be slightly
then cooled to about 40°C in about 6 hours.

Following this heating schedule, the boat and its contents was recovered from the
15  vacuum fumnace. The silicon-aluminum alloy had meited, infiltrated through the beam
preform and into the U-channel preform to form a dense, silicon carbide composite body.
Although the beam was bonded to the U-channel and had to be removed by cutting with a
diamond saw, the infiltration of alloy into the preforms was well controlled. Specifically,
there was no infiltration into the SiC particulate bedding material, nor was there exuding

20  of excess alloy (as dropiets or otherwise) from the surfaces of the infiltrated preforms.
Example 5
This example demonstrates the fabrication of a silicon carbide composite air
25  bearing support frame featuring a multi-constituent infiltrant phase. This example also

demonstrates the fabrication of a relatively large composite body.

An air bearing support frame preform was fabricated in two longitudinal sections

using substantially the same sediment casting slurry as was described in Example 4.



15 hi gheygighg#ievation out towards the wall of the tray than towards the
center of the tray. The U-channel preform (and specifi caPET/USHEIGiAse
portion thereof) was placed into contact with the beam More specifically,
t he U-channel preformwas cenented to one end of the beampreformwth a
slurry conprising by weight about 67 p@6cent 20 CRYSTOLON regul ar green
silicon carbide particulate (G ade F 500, St. Gobain/Norton Industrial
Cerami cs)_having a nedian particle size of about 13 microns, and the bal ance
bei ng abokellozdng sediyaensptior ¢asing ankireszingathe prefonn KalyeTwRredlieditoact ose (A E.

St al | ~ JFal | ow h | ysi boni h
ruct ose. ERRBAEH BLARUCDsdC, il o ey Lo Bt S S RPEAPERE beddi ng
mat erial avoldicradléngthepans dhe R5he petetidl fdrxadssive SvairGaBbr Sdrlitioh Ofime and the

opposite end of the beam preform 15 extending down towards the | ower
el evat i oriyeformbalwse wers then additionally thrernfally procassed in anitrogen emiaspharenpri si ng by

wei ght. about, 68.. percent sili. bal ance .subst.anti al | ure al um num and
havi ng a @ﬁ?ﬁxﬁ:%s}g agqor%aw@%ﬂ%a@gg g?%?‘?é“tg@'lﬁ’@@? ﬁéﬁﬁﬁoﬁ‘z@ﬂ& wer e
arranged ficté®iddeplo @irbdr)eTHRGABTRRE b dheA be lhn! RNMBineal €vati on. Addi ti onal
Grade F 90 SiC particulate was arranged in a ring 19 around the pile of

infiltrant material 17 to help confine the latter once it was nade nolten.

The graphite t nd its contents .were then placed intq . a |larger graphite
cont gi ngr (e. ﬁé’réﬁ‘e BiraR mac grfﬂ’e‘éanﬁﬁﬁggs §Pﬁ£&”r~‘¥%ﬂeﬂfﬂ?§é?$%ﬂgv gi tg lid,
t her eby Céhﬁa}&imﬁt&iﬁm{veﬁghﬂﬂmuibﬁp&%nmmEbm%ue laf Ogﬁ‘ﬁ%ﬁ?@r“mfur“ace-

The heating chanber wds evacuated to a pressure below torr with a
mechaddi calarbidapgrtiewlatp (Gpade TniD0, Sh&vbein/MNortbn Industoalt Geramioskhavingen heat ed

f t t Uf. f t C.t boyt, 10.1100C [ f about 5
nour s. ¢ (BHIHCPAISE S AD0kt 30 EieiBpe 4B the CRIAGE PAnBHEn SBAGEHG. about
1270C i n @RAdks of AR mdtm?S?g\hfSoﬁcﬁﬁHﬁe freciBle (AOF. SARY MR L hen

cool ed to about 40C i n about
Co.). This shurry was roll mixed for about 4 hours, then de-aired. The mating surfaces of

the preform were spray coated with KRYLON lacquer (Borden, Inc., Columbus, OH) to
15 retard the water absorption somewhat during the gluing operation. The slurry was
applied to one of the surfaces and the halves of the preform were brought together under
light pressure. The bonded preform was then put back into the 150C drying oven to cure
the fructose in the joint region. Following a smail amount of additional green machining
at the bond line, the air bearing preform had approximate dimensions of about 511 mm

20  long by about 35 mm wide by about 70 mm in height, and had a mass of about 2145 g.

A lay-up was next prepared. Specifically, CRYSTOLON regular, green silicon
carbide particulate (Grade F 90, St. Gobain/Norton Industrial Ceramics) having a median
particle size of about 216 microns was poured into a graphite tray measuring about 790

25 mm long by about 230 mm wide by about 50 mm deep and leveled to form a bedding
material. The air bearing preform was placed on the bedding material. About 836 g of
an infiltrant alloy comprising by weight about 68 percent silicon, balance substantially
pure aluminum was placed nearby. The graphite tray was then placed into a larger
graphite vessel having a non-hermetically sealing graphite lid to complete the lay-up.



Fol | owi n%vthi S heating schedule, the boat and its contents was recovered
from t he YA8U3Puum fur nace. The silicon-al umi num al | oy hadrredodbsechqs
infiltrated through the beam preformand into the U channel preformto form
a dense, silicon carbide conposite body.: Although the beam was bonded to
the U-channel and had to be renoved by gutting with a dianond saw, the
infiltration of alloy into the preforns was well controlled. Specifically,
there was no infiltration into the SiC particul ate bedding material, nor was
t here exuding 20 of excess alloy (as droplets or otherwise) fromthe
surfaces of the infiltrated prefornms. Exanple 5 This exanpl e denonstrates
the fabri cati odhiflayrup; which measured shout 85pmen loog byrabort90enmi wige byphautt f r ane

featuring isconstituent.infiltrant,.phase., This exanple al so

denonst r a?@%h‘%ﬁﬁ @15Pipgaﬁe%fm%a euEn %e@é‘@“ﬂ?}ﬁ&gﬁ?s@?@@dy. An air
bearing suigifintially theRaRe ne? Wakat fOIIERIES dxBeptWRat ki @hdpesiinialwas ect i ons
using substantially the same sedi ment casting slurry as s described in

Exanpl & 4mawtrinad atzbout FRRTOCSSo abols 4 hours hfstdad|of absuteh trews.ment at i on casti ng

and freezing, the preformhalves were dried to a tenperature of about 150C,
with a carefully controlled heating up to this tenperature to avoid

cracki ng the_parie reiysviniticsy-89 E8MH thébaduf Wé?&mﬁvmg%mpor
y

generation. The preform halves were then additional hermal |y processed

in a nitrprpsessmgnt Hasobsersedibpethe alleinfijtranhhatwelteih flowediacioss (hat hetat i ng
descri bed, | ample 4. 10 pyro e the fructose binder. Lo carbon. The
preforms %@Itgéflﬁgﬂi%b’&?@gﬁwﬁkﬁeﬂ :g%t?ré‘ﬁ“'gﬂémbtﬁ‘été’w BE ARG o per at i on,
the segti gRforeakd BETRHIERAed BRPHTOm W frodidte aSilion) cafRaPEImp& e B Wei ght

about 67 percent CRYSTOLON regular green silicon 10 carbide particulate
(G ade F be&dingSuppaebfiaine/ Mhitedhert mis 8 boiybf :€sidualiatley nvderial hondedite diean

P?;E:!t ﬂaﬁﬁ%ﬁ%ﬁ%ﬁ%ﬁé@%@%& t@e{‘é}gtrhe F(?Fléa mg” @-/%R%Jatc egﬁueg{/ wei ght
Manuf act utdfRgred the original preform surfaces, with no infiltrant material exuding from or
otherwise accumulating on a surface.
15
Example 6

An air bearing support frame measuring about 120 mm square and about 19 mm
in height was fabricated substantially along the lines described in Example 5 except that
20 bonding of the two pieces was not carried out until after each piece had been infiltrated
with silicon-aluminum alloy to form a reaction bonded silicon carbide composite part.
Figure 2 shows the more complex-shaped piece of the two in the as-infiltrated

condition.

25 Examples 4 through 6 thus demonstrate that a shaped silicon carbide composite
part, even one having a complex geometry, can be produced by the present reactive
infiltration technique with the final composite body accurately replicating the shape and
surfaces of the starting preform.



Co.). This slurry was roll m xed for about 4 hours, then de-aired. The

mati ng SYPOXEEE70f the preformwere spray coated with KRM-fAYsdopgsyser
(Borden, Inc., Colunbus, OH to 15 retard the water absorption somewhat
during the gluing operation. The slurry was applied to one of the surfaces
and the halves of the preformwere brought together under |ight pressure.
The bonded preformwas then put back into the 150C drying oven to cure the
fructose in the joint region. Following a snmall anmount of additional green
machining at the bond line, the air bearing preform had approxi mte

di mensi ons of about 511 nm 20 | ong by about 35 nun w de by about 70 mmin
hei ght, akdmparative Examplefl about 2145 g. A lay-up was next prepar ed.
Specifically, CRYSTOLON regular, green silicon carbide particulate (G ade F
90, St. Gobain/Norton Industrial Ceramics) having a nedian particle size of
about 216 m cr YRS mARSiaROM Hn e i j 90 25 mMm
| ong by about ggo nm w deﬁggh abou?a%%f%ggﬁ}iﬁsﬁﬁﬁﬂﬁﬁ%ﬁ?gﬁ?g beddi ng
mat er i &l . thahastead obaddingeprn syfup rand peessipg a predoro) thdyeerimeskle mpssreansisted| . About

bl ance. sORTEERigask B pfine SHichRFRbioR padictuete W hle.Re St SoREa RS ARy by
was then Q&@@oe«érédnﬁ@sﬁfdc%gﬁ{e silﬁbtﬁﬁg‘.tibfd;c MARDEe, 18 \hgadod Sul@a et i cal |y

sealing graphite lid to conplete -up. WO 01/07377 PCI/ US99/ 16449 27

This | ay-up, which neasured about 850 mm | ong by about 290 nm w de by about
240 mm hi gh, was tgen gllﬁﬁged into a vacuum furnace and thermally processed
i subst SAPPARRYE ERUM manner as that for Exanple 4, except that the
tenpej@ture was 5 maintained at about 1270C for about 6 hours instead of
about 4 hours. After renmpving the |ay-up fromthe vacuum furnace foll ow ng
thermal  pr oceEsample 2i wasvsabstadtiatlyrepbated péxceptahatlihspsadi offaddingaboutiad nel t ed,
fl owed across (but . i nto) the si.]!.i con .carbi d&l gr i cul ate beddi ng

t
mat eri al PEFER EBAE ?o\ﬁf‘?‘ﬁ‘_ _ tgjthe : CAEpt P : lermatepial aboHt il ¢ r at ed
the pref opdRdre b WRABH: ©f BLY A CIAR ettt 4E (B Dnkt €02 Wilmington, DE) was

added. About 99.1 percent of the resin was removed during the preform heating step

15  prior to the infiltration step. Again, no infiltration occurred.
Comparative Example 3

Example 2 was substantially repeated, except that instead of adding 15 percent by
20  weight of corn syrup to the silicon carbide particulate and pressing a preform, about 3
percent by weight of Grade KS-6 graphite powder (Lonza, Inc., Fairlawn, NJ) was mixed
into the particulates. While infiltration might have resulted at higher temperatures, no
infiltration of Si-50Al alloy into a loose mass of this admixture occurred at the present
operating temperature of about 1150C.
25



bear i ng wygpessh, frame. Wiile there was a body of residual alloy materi al
bonded to the air bearing at the initial contact point, REEUSHE44Isurf aces
of the support frane accurately reflected the original preformsurfaces,
with no infiltrant material exuding fromor otherw se accunulating on a
surface. 15 Exanple 6 An air bearing sppport franme neasuring about 120 nm
square and about 19 mm in height was fabricated substantially along the

| i nes described in Exanple 5 except that 20 bonding of the two pieces was
not carried out until after each piece had been infiltrated with

silicon-glumnumalloy.to forma reaction bonded silicon carbide conposite
part. Fi @I%’Vﬁaémgyptl%g more conpl ex-shaped piece of the two in the

as-infiltrated condition. 25 Exanples 4 through 6 thus denponstrate that a
shaped silicon carbide conposite part, even one having a conpl ex geonetry,
can be producdikample hwapsubstantiallepepeated; excapt that instead of 4 eaduuingue Wit h t he

final ,conposite hody accyrate replicating_.the shape and surfaces of the

st art Png Y EPURSA t@fﬂé‘fﬁ‘?} %@W%@ng Pe4downg argen gaswasiused. anpl e | The
mat eri al §nAdtidesidaldyes of Exanple 2 were substantially repeated, except 5
that instead of adding corn syrup and pressing a preform the perneable nmass

consisted only of a |loose mass of the silicon carbide particulates. Wile

t he Si-S%I all o Iti:d and covered the surface of the silicon carbide
parti cul atEPIRH Prﬁ"% mpie? i on occurred. Conparative Exanple 2 10 Exanple 2
was substantially repeated, except that instead of addi ng about 15

10 Example 2 was substantially repeated, except that instead of a vacuum
environment, an atmosphere of commercially pure, flowing argon gas was used. Some
regions of the preform were not infiltrated with alloy material. Moreover, those regions

that were infiltrated were porous and non-uniform.

15 Industrial Applicability

The methods and compositions of the present invention find utility in applications
requiring high specific stiffness, low thermal expansion coefficient, high hardness, high
thermal conductivity and/or high wear resistance. Accordingly, the silicon carbide

20  composite materials of the present invention are of interest in the precision equipment,
robotics, tooling, armor, electronic packaging and thermal management, and
semiconductor fabrication industries, among others. The present silicon carbide
composite materials are candidate materials for wear critical components. Specific
articles of manufacture contemplated by the present invention include semiconductor

25  wafer handling devices, vacuum chucks, electrostatic chucks, air bearing housings or
support frames, electronic packages and substrates, machine tool bridges and bases,

mirror substrates, mirror stages and flat panel display setters.



percent by weight of corn syrup to the silicon carbide particulate filler
mat eri aWOBMEET? 1  percent by wei ght of ELVACI TE acryl i c roasisyefigdae DuPont
Co., WImngton, DE) was added. About 99.1 percent of the resin was renoved
during the preformheating step 15 prior to the infiltration step. Again,
no infiltration occurred. Conparative anple 3 Exanple 2 was substantially
repeated, except that instead of adding 15 percent by 20 weight of corn
syrup to the silicon carbide particulate and pressing a preform about 3
percent Dby weigrioh dFofdiBariifll WAk apBROAR! thal A%as mddffioatibA thaypwn.  NJ)
was mxed into the particulates. Wil é infiltration mght have resulted at
hi gher t bepedatuthepresent inverftiontwithioutdepartingifrob0ihe sadpaodf thetlaings, k®ose nmass of
this adnixﬁ%%@¥¥ccurred at the present operating tenperature of about
1150C. 24° #3377 PCT/ US99/ 16449 29 Conparative Exanple 4 Exanple 1
was substantially repeated, except that instead of a vacuum 5 environnent,
an at nosphere of commercially pure, flow ng argon gas was used. No
infiltration occurred. Conparative Exanple 5 10 Exanple 2 was substantially
repeat ed, except that instead of a vacuum environnent, an atnosphere of
commercially pure, flow ng argon gas was used. Some regions of the preform
were not infiltrated with alloy material. Mreover, those regions that were
infiltrated were porous and non-uniform 15 Industrial Applicabili ty The
met hods and conpositions of the present invention find utility in
applications



requiring high specific stiffness, éf)w t hermal expansi on coefficient, high
har dness, high thermal conductivity*and/ or hi gh wear resistance.
Accordingly, the silicon carbide 20 conposite materials of the present

i nventi % gre aog‘n (lint erest in the precision equi pment, robotics, tooling,
armor, &8 éﬂll & backagl ng and thermal nmanagenent, and sem conductor

fabri catl on industries, anobng others. The present silicon carbide conposite
materials are candidate materials for wear critical conponents. Specific
articles of hanufABtafide ebmaaararesrlepjed fiemghe geavp qonsisting ehan el ude

sem Consiéé%g é? fthe. NARAELD QublEte %S{n11¥&'c &Hg& CPYGK Ron Bl i ﬁ& ati ¢

chucks, air 005|ngs or su p ; el'ectronic packages and
subst r atlegk, :{Tﬁﬁbhlﬂetddbtbhd@ Iadgﬁ&nr&ﬂdobmeand alflat pariel SisPRlREES saidi 1 1 Or

st ages and flat panel display setters. WO 01/07377 PCT/US99/16449 30 An
arti sanagfl COPEIPHAYY: skill will readily appreciate that various nodifications
may be nmade,t 0 e f scope of

t he cl ai ns, 2 &@Bgﬁgﬁ?ﬁ%ﬁ eclbnY)ﬂgi%E EI]&Wa{npi%glt bé%a?%éé&&%t a&&)rQA%ngarl ticle of

manuf actmnporaﬁﬂ elidtabiuttd otfirdupboat Guid &idiesh Stdrbide Ofsain nddtsl cBRPORGNY Support
frame, a mrror substrate, a mrror stage, .a sem conductor wafer chuck, a
machi necQmBRIIsing ptolgast ahowedth pereent 4w Wﬁah@%ﬂhccm kst lgashdl) nerespt By setter,
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car bi decoppet;dndet al conponent conprising at |east about 40 percent by
wei ght of si Ilcon and at |east 10 percent by volune of at |east one netal
sel ected frofn 't“ﬁé“tﬁfiﬂi‘b°€’6‘H§F1§B|ahéea§‘r5%l3€ifﬁ?‘ﬂuhﬁ volume ofigid egspppsie and

material, said filler material distributed throughout said matrix.

2. The article of claim 1, wherein said at least one filler material
comprises
SiC.

3. The article of claim 1, wherein said at least one filler material has a

morphology selected from the group consisting of particulates, fibers, platelets, flakes,

and reticulated structures.

4, The article of claim 1, wherein said alloy is characterized by a volume
change upon solidification of between about negative 5 percent and about positive 7

percent.

5. The article of claim 4, wherein said volume change upon solidification

is between about negative 2 percent and positive 4 percent.



afiller material conprising at Ieaaé 59 percent by volunme of said conposite
material, said filler material distPfbuted throughout said matrix. 2. The
article of claiml1, wherein said at |east one filler material conprises
SiC. 3. The article of claiml1l, wherein said at |east one filler materi al
has a norphol ogy sel ected fromthe group consisting of particul ates,
fibers, platéletsAnfarfikleSof manefattatd sdléadd trosi tHeC roupScondistiddief anticl e of
claim1l, wherein said allqgy is characterjzed by a volume change upon

sol i di f Flesirordmpepkagrandbahelagitnpic yibgisate. saidnriiele camprising: about positive 7
percent. 5. ey i;m.4, wherein said volune change upon
soIidificati%Egm?ééggﬁﬁg%%ng%bghgegative 2 percent and positive 4 percent.
- 32- 6. aAnatfik tdofpenédt sompifsigt siticors edrbide emhdf 4 aretdl dnipoae diemiducdi ng of an
el ectroni c package and an el ectronic substrate, said article cogBrising: a

conposi EOWERORY Faf SEISRR ARy saidetal SomBoRsHh EAMPEYRPAf &aRgaaY HBon car bi de
and a ggé;@éntﬁo%{‘@%’igﬁ%f disdd ba.l?}]%telgast tlg[})g%t]ﬁgyg vORintt :?ﬁét' IEQ0 ofid e, said

nmet al npone nprisi ng east perce by wel g of silicon
and at kdegtd fi6mphe gonp cbysistdigwialoiinam, tieastd copperyehdl sel ected from the

group consistipng of alum nym zjnc and copper; d at | eas ,‘gilgout 59 percent
by vol (b 1658t 2POtasQ (PeBsFt 1 akimen P ot JPasd: aster FER é‘éﬁterf%é}& g6t said

matri x. et ad kel of manufacture of claim 1, wherein said silicon

car bi de l]}gu%t Taaeast rparti ally interconnected. 8. The article of manufacture
of claim1, wherein said silicon carbide is

7. The article of manufacture of claim 1, wherein said silicon carbide is at

least partially interconnected.

8. The article of manufacture of claim 1, wherein said silicon carbide is

made by a reactive infiltration process.

9. The article of manufacture of claim 1, wherein said residual infiltrant

component comprises by weight at least 40 percent of said silicon.



made by a reactive infiltration process. 9. The article of manufacture of
claim1, wherein said residual infiltrant conponent conprises by wei ght at
| east 40 percent of said silicon. ABSTRACT SI LI CON CARBI DE COMPCSI TES AND
METHODS FOR MAKI NG SAME | nproved silicon carbide conposites nmade by an
infiltration process feature a netal phase in addition to any residual
silicon phase. Not only are properties such as nechanical toughness

i nproved, but the infiltrant can be sg engi neered as to have much

di m ni shed anounts of expansi on upon 8Iidification, t her eby enhanci ng
net - shape- making capabilities. The nmethods and conpositions of the present
invention find utility in applications requiring high specific stiffness,

| ow t hermal expansi on coefficient, high hardness, high thermal conductivity
and/ or hi gh wear resistance. SpeciAhgTﬁgghsles of manufacture contenpl ated
by the present invention include sem conductor wafer handling devices,
vacuum chucks, electrostatic chucks, air bearing housings or support

frames, E{Jmﬁﬁdx féoi?ﬂgéf‘ T{W?@Eﬁ |S I Eand bases, -

mrror €S 1 o —Stag f = Fi gure 2

Improved silicon carbide composites made by an infiltration process feature a metal
phase in addition to any residual silicon phase. Not only are properties such as
mechanical toughness improved, but the infiltrant can be so engineered as to have much
diminished amounts of expansion upon solidification, thereby enhancing net-shape-
making capabilities. The methods and compositions of the present invention find utility
in applications requiring high specific stiftness, low thermal expansion coefficient, high
hardness, high thermal conductivity and/or high wear resistance. Specific articles of
manufacture contemplated by the present invention include semiconductor wafer
handling devices, vacuum chucks, electrostatic chucks, air bearing housings or support
frames, electronic packages and substrates, machine tool bridges and bases, mirror

substrates, mirror stages and flat panel display setters.

Figure 2



