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Maki ng Sane Technical Field 5 The present invention relates to inproved
conposi t ewpRterral s and the nelt infiltration nethods fegrRisefiesiong t he
sanme. Specifically, the present invention relates to silicon carbide
conposites wherein preferably at | east a portion of the silicon carbide is
produced by reactive infiltration. 10 ckground Art Silicon carbide
conposites have been produced by reactive infiltration techniques 15 for
nore than thirty-five years. In general, such a reactive infiltration
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silicon carbide plus carbon in a vacuumor an inert atnosphere
environnment. A wetting condition is created, with the result that the
nolten silicon is pulled by capillary action into the nmass, where it reacts
with the dZeluealFigld or m additional silicon carbide. This in-situ silicon
carbidg typically is 20 interconnected. A dense body usually is desired, so
the process typically occurs in the presence of excess silicon. The
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Backeround 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 usually is desired, so the process typically occurs in the
presence of excess silicon. The resulting 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 ata

30  temperature in the range of 1800 to 2300 C.
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2 Taylor (U. S. Patent No. 3,205,043) also produced dense silicon carbide
bodi es by WoeEss1?vely infiltrating silicon into a porous dggaoyseseélsri Ni Ng
silicon carbide and free carbon. Unlike Popper, Taylor first nmade a
preform consi sting essentially of granular 5 silicon carbide, and then he

i ntroduced a controlled amount of carbon into the shaped mass. In one
enbodi ment of his invention, Taylor added the carbon in the formof a
carboni zabl e resin, and then heated the mass containing the silicon carbide
and infiltrated resin to deconpose (carbonize) the resin. The shaped nass
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cobal t, iron, manganese, chromum titanium silver, gold, platinum and

m xtures thereof. 25 In a preferred enbodi nent. of the Chi ang et al.
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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 SisN4, TiN or AIN; an oxide like ZrO; or
Al O;; or an intermetallic compound like MoSi; or WSi,, 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



containing in the range of from about 90 at% to about 40 at%silicon and in
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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
infiltrations 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  infiltration, 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 ng techni ques for renoving the residual, unreacted liquid infiltrant
alloy remaining on the reacted preformsurface. Specifically, Chiang et
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alloy on the surface. Alternatively, the reacted preformmmy be i mersed
in an etchant in which the excess unreacted liquid infiltrant is dissolved
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adhered to the forned silicon carbide 20 conposite body.
reaction formed body.

15 The “wicking means” solution of Brun et al. 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.



It is an object of the present invention to produce a silicon carbide
conposite body to near-net shape, thereby m nimnzing the anount of
grindi ng amdbore7amchi ni ng necessary to achieve the requipgd ghpﬁmélons of
the finished article. 25 It is an object of the present invention

produce a silicon carbide conposite body of inproved toughness. mo

01/ 07377 PCT/US99/16449 5 It is an object of the present invention to
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carbi de conposi t § iPafidibér YRS Fre lrﬁlv'?rltloﬁﬁpﬁraédc@@sﬁﬂgﬁéﬂfrﬁfd@%mt&lt@bove t hat
of silicon carbide, and fail orab IS an obj ect the present

i nvention tbocb’erdlERE@S%ﬂ@#mﬂad:@ﬂﬂdu%tWWde conposite body at tenperatures that
are above, but only nodestly above, the liquidus tenperature of the
silicon-bearing infiltrant material. 10 It is an object of the present

i nvention to proHisan ohjest ofithopreseat invehdion trprodiict @ sillboadyarbitle eorhposjier at ure

that is substant. al | ess_ than the.nmeltin oi nt...of re silicon

- obj ect oo kel SRnrant st it it Boet siiPen b e bt OB bIp0si o
15 body wi t hout haV|ng to resort to boron-containing barrier materials or
expensive nolds to control the extent of infiltration. D sclosure of the

I nvention 20 ThibisangpjeataishepresentResntion toinredice a sificen ‘Eﬁﬁblé%c%ﬁpocsﬁ% present

i nvention aggy a@&ﬁﬂ:@ﬁhir@shﬁﬂ af'embgﬁ'@ Bu@cﬁﬂ%%esﬁ?%d’v@lth@ﬁ ratgxfe drhe
processi ng condi t1ons enpl oyed i n naki‘ng conposite bo |es y reactlve
i nfiltrati ofe silipon-eganipg bifiltrapemetedalent i nvention, the

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



nost inportant of these processing conditions is infiltrant chem stry.
Specifically in 25 accordance with the present invention, the infiltrant
mat eri al sOnqrorsyeés at | east two constituents, and at | epsrugogieado t he
constituents conprises silicon. It has been noted that silicon undergoes a
net vol unme expansi on of about 9 percent upon solidification. Thus, in
accordance with one aspect of the presepnt invention, 30 by alloying the
silicon with a material that undergoes a net vol une shrinkage upon WO
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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 uniform 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 rel atively uniformconposition throughout the body. The use of a
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near- zero volunetric change (swelling or contraction) upon solidification.
25 For instance, -and in another major aspect of the present invention, the
alloying of siliconinfiltrant with o or nore different el enental
constituents can substantially depress the nelting point of the
infiltrant. Desi rable alloying elenents in this regard include alum num
beryl lium RE loweRdddhtlting &qmmdﬁ@feax%eﬁa@es peinfi e infiliritiontb®e, Silver and
WO 01/ 0737% PCT/ U899/ 16449 "7 gold. The lowered nelting or Ii qul dus

t enper at ur égnqyéfﬁﬁrﬂt IOYVhfeteinﬁ?YPM'Q‘SaFPWaWBICb%he”dB%W@HB@Hc%PqS%? 1con-

t enper at ur r STRAR on-

al um num a oy, ?lﬁf&gmo& smﬁqg%ltn&c}iﬁedﬁ%ﬁdtrédgt%ggc por o:ijdsgssrﬁ}glse?le?gh%?l sing sone
el ement al cmhorbﬂratanpaatumrmérw‘mge@fabpm hH)OrtaaQult(MO(h@oEV“@I@O to about 1300

C By y of 5 comp en the infil IIy of

sili con t PR "g’[eﬂ?‘be ggmocgnm%fs;ﬁngl I:L?'e%r% cgﬁeasfe;ni’ %@%g Let%y li con

nel ting pohﬂintﬂﬁedadawaﬁt abéexhEsiliconmetfingpoint ot bisdua 4 12:C,|apnd afieve t he mel ting
point so that the nelt |s fflclent | ui d, npor t ant
consequenc &Wstptially; aagvethe 8‘ tB‘g(?ﬁ %Xta\{m mgihis F‘%f?ﬁéﬁ’ h’t‘ﬁr gm gthtc

di scovery H&@Emﬁbn&ﬁ%ﬁs@é{ﬁ%ﬁa&%ﬂﬁﬁ@h&é Ropefafecat ioWer kenipRtdnass isthenor e rel i ably
term nated at the 10 boundaries of the perneable mass. Further, instead of

havi ng to diseoveritbais the leyrerpempesaturgy Fl%fsmﬁ]@'a%‘?}‘plﬁme refiebly irmpaksfiat hass and
to confpne b&nﬁ?l!lés%lfl&% éJeH'BéJbL o AR Flﬁ'hl%ﬂ hfstead HPﬁﬁl‘id%a\l) Sus€ H‘Eﬂénﬁﬁe grapliRse nass

of ceram c par used. T t he conduct
infiltrati mtoi;dsam sdppmthetpenpﬁlbwrmsemdgpvelsﬁmﬂhﬂmm@f écb@n@fr ol over the

process, Eenalo S suc nz;[s Ia Dosg "rah\étlssn ceraguec I?aptgcuﬁal?ee&lgy be dsad. 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 alloy comprising



Brief Description of the Drawings Figures 1A and 1B are side and top
schematic views, respectively, of an arrangenent of materials used to
produce aY¥?PY¥¥3H carbide conposite "U-channel” in 20 ad€arusasitsdasni t h
Exanpl e 4; and Figure 2 is a photograph of a silicon carbide conposite air
beari ng support frame produced in accordance with Exanple 6. 25 Best Modes
for Carrying Qut the Invention According to the nethods of the present

i nvention, a perneable mass containing at |east sone carbon is infiltrated
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Preferably

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 infiltrant 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 material,
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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15  aluminum and copper.
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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
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zinc, silver, gold, boron, magnesium calcium barium strontium
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their inert character or are mﬁltrated by silicon at elevated temperatures (e.g., about 1500

..C

C and above), particularly under vacuum. Thus, it becomes quite a challenge 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 furnace.

The atmosphere in which the infiltration of a silicon-containing alloy is conducted
25  isusually 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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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, B4C,
TiC and WC; the nitrides such as SizNy, TiN and AIN; the borides such as SiBy, TiB,,
and AlB,; and oxides such as ALO; and MgO. The form of the filler material may be
any that can be produced, for example, particulate, fiber, platelet, flake, hollow spheres,



5 et al.), but nore typically, the perneabl e nmass contai ns sone el enental
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fiber, platelet, flake, hollow spheres, WO 01/07377 PCT/ US99/ 16449 12 etc.
The filler mat eFeaneabisdnassespARPFiBAG eng ¢f more Sllenragierialmpy FagEe arRPrecapdy al

m |11 met er Sy, 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, especially

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



wi th sizes ranging fromseveral mcrons to tens of mcrons being comon.
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exanpl e, tVOHL&4se particle packing. 5 The inventors apgrgSioakset hat
many of the above-nentioned materials are not intrinsically infiltratable
by silicon-containing nmelts under reasonable infiltration conditions.
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mat eri al bodies. Such a form of carbon can be achieved by introducing the
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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
infiltrated. 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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simlarly can be decreased, which further reduces the propensity for
infiltration. Under these conditions, such silicon carbide nmaterial can be

used as a beddiThg r@iuhllélélgmﬁéaxﬁaédiﬁdead dispelRs a8 etk @ fo ERPhite Sfucti®dsng
silicon carbide as _a bheddi ng
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



material is that in situations where inpurities or contamnation is an

i ssue (e.g., 25 sem conductor applications), the same source of silicon
carbi de caV®®U3Ed as a bedding material as is used as @PQTSIPHIME MASS
to be infiltrated w thout exposing the resulting silicon carbide conposite
body to alien or additional contam nants. WO 01/07377 PCT/US99/ 16449 15
Conversely, under the sanme infiltration ténditions as described i medi ately
above, a silicon-containing alloy may infiltrate a silicon carbide nass
containing free carhon at the relatively | ow pr ocessi_n%ﬁt enper at ures,

parti cul ar | ymps @ heingitatandor theinfgRantmateri} cBtiyadyencsi 1B Mg ariparmRteiesnnect ed
in a reticul gb&deShhdalet fcfhe robked ifsubidqH&l B ATRY: rens! Rl Eha\’i’i?lﬁﬂngﬁf fon is

added to a pérheable nass as a resin and the resin Is subsequently
pyrol yzed. Téiseardedtas pesapossi bl e to support a perneabl e mass conpri sing
silicon carbide plus elenental carbon on a bedding of silicon carbide
particul ate not containing such free carbon, and infiltrate only the
per meabl €5 mass Wi It hastiekn nated thatiliion undergoes b nttrahime@dpensia of abbutrd her ,

because a silicon-al um.num al | i s capgble of discr.imnating between 10
per meabl e meRTEN ng]‘%gfﬁ“’flr gﬁusc H‘rﬂ?ﬁ)‘ﬁ%?"r‘fe (‘ﬁ‘élc?P%t?‘Er WPEH_g af‘%f%‘?é’&% nect ed
form  condi gre@nsint@itioR Sy AMefrlg WRaiIRBY with GltoAdtingnt fi¢h e8fmettli tHat rat e t he
mass containing the reticulated carbon, but not_ the_nass containing

discrete parwnderzess petyplomeshrinkage upaw slidifisatiop, it is nosyiF 19 madtceBecause |t
di spenses W {fldolife S5 vHo0d reﬁﬁﬁ‘zﬁ I!i}ﬁ}?mﬁ irattria b fifin ﬁ%oé@@ﬁteﬁ%dﬁ%ﬁ% 5

"boats" to directly support the [trant materia the p

per meabl 0 messbstantiaiy np mét volunae chdngeNgpon selidyficatien.sThyls, the prpdugtranpifisilicon
structures expensjve. . but. al b P i.ni infiltrant has a
tendency to ?agba{% éOW| qoﬁlt‘gﬁoéi ’%c??\ag e’%hcl)hﬁf eéﬁlergsﬁggﬁ%?%%’?’ p%ﬁ{s?%aorssé)ﬁ)lglrf%?? Tn and
recovery of d¢xudingnf etal pliaselcandtyreadizéd.i cult. The graphite boats in
particular are frequently damaged or even destroyed. Additionally, such 20
separation and recovery efforts often result in damage to the conposite

body, which can T patticalatly pleferitdiallbyifig WeinbRWf allhtninobg e @it kect s of a
netal phase. Wiile it _is possible .

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.



to apply a protective coating of, for exanple, boron nitride to the
graphite boat or to the preformsurface in contact therewith to prevent or
m ni m ze MAOWEHAI ng ef fect, some end uses for the fornedrbs®ysssuch as
certain sem conductor applications, cannot tolerate the 25 potential for

t he presence of boron. Mreover, the boron nitride coatings are not robust
infiltrant barriers, especially at thethigher infiltration tenperatures,
and often a small breach in the coating allows the infiltrant to
infiltrate and react with a large zone of the underlying graphite

mat eri al . Thus,ofﬂhewm@BlemnsiMgﬁpﬁmmwmm@bh@egﬁsmm{i@m-?’ﬁﬂs or boats

to be use I LOG: 1] ' . ' I.n: ports the

per neabl e%&@g@gﬁa&% S9 f%g}fg@&&i@yﬁgg\g%g&g}gg}rn?F‘Fith?%’?ed and/ or the
i nfiltrantsupplyegithé masEho be mdilteateriesalidifichmionagotosje tangdiw canthreswoidgd Hithe t e
structures, to be reused in subsequent infiltration runs,. t her_t han having
to be di slg%flr%%?fl t(,ggéjegéer ’ﬁp'ii.’e b sﬁ%@%@@’r’;’beﬁgf’gﬁdm&m@%fli%@ﬁa‘{}ﬂféﬁn@ges a net
vol ume X pfdia baside thestadyt SSmetiigds@itredtionflablidiftatioh bf hatompositd Body isi N
accordance w.th anot her i ntgiortant aspect of the present invention, by

al | oyi ng t¥ePlQyedite asromplish tiisdgstetiresyiint such as a netal that undergoes a
net vol unme shrinkage upon solidification, it is possible to produce a

conposi te body whose residual infiltrant material within the conposite body
under goes 10 sUbhswonprsitaproplerpactuaily soneradrequsatly encgpatared syhiersi siliceat i on. Thus,

t he producti . | 1 . | FMP ' | e5; : kRi.t neither
solidifi c%%ﬁu%r%éséoklgaﬁ%df %Z}geﬁ tgig I catl %&r? esg@gill ﬁ%’%@ﬁ%’gﬁa pease can be
real i zZi¥d. chmpogterbiody odrmwot holgthefertra walurat bimatenipl.eThenwomiposite Bddyrthusum by it sel f

hi bi 1 | idifi I LNk f... 6.6. . | . und
The. or ef erFdedfifapiv il Bfteam 18 Red el Mol 8T RN LE b g
per meabl e bea&Hnahahirfate sthe tomppsTObUigcinddibn sfongBrdvaded thedktol tTH$ | on can be

achi eved using infiltrants ranging from .apout 10 percent wei ght silicon
bt o sub iR FAGIe B8V BRveca N retivEe BB o hERgine, with (e

concomitant risk of damaging the attached composite body. Also, it would be desirable

o

15  to not 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



the residual infiltrant conponent of the fornmed silicon carbide body may
range from 20 nearly 100 percent alum numto substantially 100 percent
silicon. T™MR810BHe volumetric change of the residual infedivusanesant eri al
upon solidification can be tailored with infinite variability between
negative 6.6 percent (for pure alum num and positive 9 percent. Although
it is advantageous to reduce solidificat8 on shrinkage, say for exanple to
negative 2 or negative 1 percent, it is highly desirable and highly

advant ageous to reduce 25 solidification swelling from positive 9 percent

t 0 perhaps PO Repreducsd wiithiless risk efcraskingidug to expapsignefithe siligonphase o
colT o 11 car i cBEbSAE N Fodink i G REROLBEIRERIEE (000 "P27 o the

two situations, solidification porosity may be the | esser concern. Wth

t houghtful |ay- desi gn and excess jinfiltrant. npterial or a.reservoir of
infiltrant suppl ipﬁeéexﬁ ﬁrg'eﬁté(g‘swﬁldmﬁ'ebe’l@ ﬁrtdFsﬁngg,awg%fe??fF%eé%meon porosity

| ar gel y scarfobewiay Bikafples indiCunparaiit Exagples) to freeze in the conposite body
can be supplied with nmolten infiltrant material 5 from outside the body.
Sonetinmes directional solidification of the conposite body is enployed to
acconplish this desired result. The opposite problemactually is nore
frequently wnt ered where silicon infiltrations are concerned: where
the infiltrant expands upon solidification, and the 10 conposite body
cannot ol d theext I Lal.. T NOR udes

t he (nol\l;?/) excesg%%g n%%?@gg@n%g%%%@cg? %&%%f;ﬁ%dﬁfiggg%t %&é@ﬁ?gas

dr opl et s orbodpelivs spacifitadlysihisiExamptef detoestamsplusinfikraboryf, substahtiafly pwrest r ongl y
bonded t hereto..This.. nuisance paterial.my.have to bhe renpved.hb rindi ng
orarit bF AEPAEe Bt R e R P a R R R el oY PSR e oo
conposi t e Iffustya refinsas pre¢urstdul d be desirable 15 to not have to undertake
this extra manufacturing step. An even nore serious 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 fifteen parts of Karo com

syrup (CPC International 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 corn syrup was added and mixed for 1 minute on “low”. After
another interruption to scrape the bowl, 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.



constituent is possible swelling of the entire conposite structure, thereby
conplicatin efforts to produce net-shape parts. Still worse is the risk

t hat such g%”ﬂ@ﬁ??cation swelling 20 will cause cracking efr/tswneaeposite
body, a risk which increases as the size of the conposite body increases.
Thus, the ability to reduce or even elimnate this solidification expansion
of the silicon constituent of the infijgtrant 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
the as-infiltra conditian, .but be prod d hou U|r|ng an
extra process SE"%"P PEEHBEIPRS b°§ﬁ%1e ssﬁFa"ég%eb%gﬁéf’ Iarger

bodi es WO Gzhiaﬂﬂxﬂ?ire@ﬁil!/n%@t@élm&ﬂerah&ppiﬁ?@dpﬂék@rbéfﬁbdﬁdﬂ&kﬂ’aw t h less risk of
cracking due to expansion of the silicon phase wthin the conposite during
cooling through its solidification tenmperature. The present invention wl]

now be further d’ﬂ&ﬁfef&ﬁﬁboﬂpﬁﬁn%ﬁfe@i Esxﬁcamemktﬁmueéomw? iR3@jcExammehes and

Conpar at i ve Exanpl es I s exanpl e deno rates the production

of a react |WbM@eémtsgp@w%6emheﬁofwacwén%wphqreaf flgwing hj s
Exanpl e de fdh U}J}ﬁtrb%fn éﬁfdrﬂnvéafheaéﬁf’r%taac&hs& e dF4b&ut 89 0£QN I nto a

silicon car e pr ormco tal n ng an I nterconnect car bon phase erived
froma res rrmgfsahgntewr@w hots Aier gtajntzinipg éﬁmmpqu)foeplmwahawsﬁhﬁ | ows. One

carbi de_parPrecRiE pen Sogwlialy Seimae? priiet RO nun RISl ool o

MA)  wad0corbrterasiwedetcboled fnt mte o}falbdlﬁ 20 C K iout. QA frer csyhngaaa@mmsianﬁzelyn ati onal

Inc., Englewood Cliffs, n1X|n The |I|co arb artlculate
content cof?8 E‘Ht%‘f‘peé"ﬁ‘é‘iﬁt e°ﬁ¥ﬁ7F o the, "tail"(’:‘ qedsi 7o of
about (based upon bulk density measurements) as having 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 slurry 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.



20 44 mcrons (Grade F 240), and the bal ance having a nedian particle size
of about 13 mcrons (Gade F 500). The m xi ng was conducted in a Model
RVO2 Eiri cMOWBI/BR7Shear mixer as follows: First the Si C partuspohéises were
m xed for 2 mnutes on the "l ow speed. Then half the com syrup was added
and m xing continued on "low' for an additional 1 mnute. Then m xi ng was
interrupted to scrape the mxing bow. Fghen the 25 remaining half of the
corn syrup was added and nmixed for 1 mnute on "low'. After another
interruption to scrape the bow, mxing resuned on "low' for 2 additional
m nutes, then f|"ﬁlesdom;blamdlahapwg)hﬂpbwgmomcmnﬁmmeatamétail@hw)tture was

pushed throu 16, nes r ut 1180
mcrons) to 1?5“}}"’%%% Pu%(\zoet‘it gégxﬁ\%%ggﬁﬁ%%@%é%@ggﬁ%XWQ Next ,
coupons neaguiip, afid & bsugh v%uma&qmae nhmtabfmﬂuamrmme hiacthewefter uni axial ly
pressed in a steel g_he under ra‘}f 3%5) ég ssure of about 28 MPa %(5 The
preform con‘ﬁ‘?‘l“ e ¢helage s thendgry °’§r?H‘ RLCFHFRNES 1O A RREAW S ed r om
the di e andayhersd d ﬂtaQal% of Yuf 200 € PerHolP SAR@ hfhidthihihg @Rempdtatdie FabRPher e
of flowing conmmerci al él pure nitrogen, the preformwas heated {0 a

t enper at ur el 0 Gissgeows ddow, the temparatiie W fHsTnCreatyd & pIEMPREHS oghoat
el ntal Nl NG 45B CaratHReE gﬁdﬁ'i gog @?eﬂ%%tAﬁer%tﬁlﬁ;ﬁg}% Sl Dhzbpu135h been

substantial Iy conp ete pyroly to carbon fur ace and Its
cont ent s weCdorabottechaoat, the temperatufe u@oistrem@t@pmpeﬂmm of ahbtl@HS@&oatlang back

b || of h
furnace. andeafelr iy e R hSEL il Brate B RS FrP-RulCnd RERF RGN, g%
vol unet 10 ¢ Wwasflithe d@éreﬁﬂad)uiaﬁﬁ:lpeﬂaﬁlﬁ'cﬁhbomﬂm(héat gtatcaf abo@RSHO perdwat,ysi s vi a

oxi dat i on, rforned o r sa sho esence of about 2.5
percent by ‘&E‘FE}WPS B’?m?‘{}@gly%%\lr by nﬁ'@‘gﬁéf%"r 3’?3‘%@% PEroMLY_ up to
confine t heagppfxithiteiHabbienPicpefaturyas prepared. Specifi cal ly, the

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.



interior surfaces of a G ade ATJ graphite boat (Union Carbide Corp., Carbon
Products Div., Oeveland, OH) neasuring about 375 nm by about 298 mm by
about 51 nwocdaemv was coated with a boron nitride slurry grapdbfdupt a rate
or thickness of about 3.1 ng per 20 square centinmeter. The boron nitride
pai nt was prepared by mxing four parts by weight of LUBRI COAT boron
nitride paste (ZYP Coatings, QOak Ridge,ZITN) with three parts water and
spray coating using a Mddel 95 Binks spray gun. The 46 gram preform was

pl aced into the coated graphite boat. About 23 grans 25 of silicon in lunp

form (El kem Met afy niddses oPihk fé%fﬁg&imuﬁmra:aw v Giffe@nbffomeih@bbf about 0.5
percent Fe maxi and t he bal ance Si | aced on_tqp_.of the preform The

top of th e hatd4ehgrams andi?q ﬁa@s,ﬂ%g@wm #isifer thaSReraresaR e BN coat ed
graphite | 'ﬁéa@/ﬁﬂcﬂé&uﬁ%@ﬁ{ ‘gr ; SLRABAmpIOw A HRate@ TPV RES HomAbolt® Was then

pl aced into a Vacuumfurn about anmbient tenperature (Qam about 20
Q The al r amgtsent teanpgreture tosstemgeraturmafiahentd 800 € stgytatanf abpuA90 hgury ough
vacuum qf & ut 2 mllltorr res nt ai ned.
The Iay up “gﬁ MR8 3P g%qlo{’% n@oeé%%& Wio{mﬁ{e%&;%e%%r aq'?aj ire of 5
about 1350 tﬁtl@érnﬁ;rd‘a@éd&o@ﬁexﬁib@dtﬁre%ﬂﬁboﬁt pE0 (ImturrateAf stevut hE0 Gpat Imiung a
tenperature of about. 1350 C for .gbou ur ef at ure urt her
i ncreased tA1% MauHBing p fapegatuzs gf apout it%séd{] % afou 4?’3 rEBT' aﬁ[%’uv{asfﬁéi‘, per
hour. Aft er, HBirahbidht Reperah@dRATaE Bf fhoaf 2000pér H6E0 C for about 1 hour,
the tenperature was decreased to a tenperature of about 1450 C at a rate
of about 100 C per hour. Wthout holding at this tenperature, the |ay-up

tenper afpure 10 Eﬁ%sgeﬂfbhh&*théjﬁ mﬁ?é»%&!le& Bafiht GEREMARAY SaB fulP RiiraleRe C at a

rate of about 2 hour was 1 nmedi ately followed by a cooling
at arate ofprefomuto mﬁﬂat‘;brpmsnhb@dy tSagnifigapil dhermwad 1P exapisdrfilrad 9paERgt ure. The
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sili con hadbbutl2l89 g/cc.

15 Example3

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

silicon, and Sample B was infiltrated with nominally Si-50Al alloy. Following



infiltrated the preformto forma conposite body conprising silicon carbide
and silicon. After sandblasting off the residual silicon at the surface
wher e i nfiwbogadizsen commenced, a density of the conposi t%(ﬁzﬁgggﬁ‘%“@bout
2.89 g/cc was neasured by the water inmersion technique. Ing the

t heoretical densities of SiC and Si, the body was cal cul ated as being 20
about 64 percent by volune of SiC and 3%, percent.Si. Exanple 2 The

techni que of Exanple 1 was repeated, w a maj or change being that the 25
infiltrant featured al um num substituted for about half of the mass of

silicon. Thﬁlﬁlh‘aﬁ&iﬂ%&&@kﬂ&% ﬁg%ﬁhﬁ)bﬁé boliB€wk Chirbdtéiled W8Sl @bPpopatledder cent

by wei ght silicon and abou percent alum num Also, in this Exanple the
infiltratiomepmwyidsdmilahlel at a | ower tenperature than in Exanple 1. WO
01/ 07377 PCT/ US99/ 16449 21 The nasses of the preformand infiltrant were
slightly different fromthose of Exanple 1, at 44.8 grans and 20 grans,
respectively. As for the differences iTablelie heating schedule, the |ay-up
of the present Exanple was heated in vacuo from about anbient tenperature
to a temperature of about 1000 C at a rate of about 200 C per hour. 5 After
mai nt ai ni Ngprapdr§Nper at ur e of about 1&p0 C for abogm%;ehaour, ShikigletBenper at ure
was further Increased to a tenperature of about 1150 C at a rate of about
150 C per hour. After maintaining a tenperature of about 1150 C for about
4 hours, thecl@yeHRv¥Rg,)cool edgiho near-ambi ent tegpesaturesgl, A rate of
about 200 C per hour. 10 D sassenbly of the lay-up revealed that the
infiltrant Demgitaeiéa) ful |y inf Waterdmmgrsione pref o7t o for m3&lconposite

body. Sl(ﬂ”%%}tﬁ&%ﬂﬁdtﬂﬁ%@é@ was ﬁ%ﬁ??@g‘e 'mt‘oi | t ragy- 00zi ng a@yt of the

surface of ornme The 0 he conposite body was again
about 2. 89 Ryison’s Raticxanpl e 3 Ultrasonic Pulse Echo 0.18 0.20
Flexural Strength (MPa) Four-Point Bend- 272+/-13 305+/-10
Fracture Tough. (MPa-m"?) Chevron Notch 3.7+/-0.3 7.0+/-0.5
CTE, 20-100 C (ppm/K)  TMA 2.9 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 shurry. 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



Thi s exanpl e denonstrates the effect of infiltrant chem stry on sone

sel ected physical properties of a silicon carbide conposite body. 20 Two

i dentical prebwemy were nmade using the materials and procegyrRey iy | ar to
those detailed in Exanple 1. Follow ng pyrolysis, each preformconprised by
vol une about 70 percent Si C and by wei ght about 3 percent el enmental

carbon. One of the preforns, Sanple A wgs infiltrated according to the
infiltrant 25 conposition and thermal processing schedule detailed in
Exanple 1. The other preform Sanple B, was infiltrated according to the

infiltrant wsmﬁsﬁof amt SRmitEse APt 17 8mees bi¢ to SaHAE WhesIEiepwhd feasll i n
Exarrpl e 2. Thus, e Awas infiltrated with nomnally pure silicon, and

Sanpl e B V\/a§11¥‘?ﬁiftPF‘E§P§‘E‘Eﬂ’YV§F¥ﬁ PEHEMaleS y Si-50A1 al l oy. Fol | owi ng WO
01/ 07377 PCT/US99/16449 22 infiltration, the resulting Si C conposite
bodi es were characterized. Selected properties are provided in Table I.

Table | 5 Prop & grephite Sinpprt@late @aanidced Bntoslv@retmmttebic Avelber gipldYaming3+/ - 3
76+ -2 / ter GP

(Pt rasonte. Bt Lafetesti' Sy EUELAL O ol win Wil BEKIOD (PO
0.20 Fl exumalghthareanysduedibsRalutibnm of JPO dishwBhking d2tétsent (PbcBRand Gafablefr act ur e
Tough. (MPa- 7+/-0.3.7.0+/ -0. CTE, , 20-.100 m K
T o sk, O T sited foBonmativaiing Blspscid pEgrpHE PER ARG o

allowed to dry. The slurry was poured into the cavity. Vibration was commenced.

10 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 we;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.

15

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

20  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

25  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



Thi s exanpl e denonstrates the fabrication of a silicon carbide conposite "U
20 channel” featuring a multi-constituent infiltrant phase. Preforns were
prepared bYPQBE ment ation casting process. Specifical | yPCHBYWING4425 part s
of liquid were added to 100 parts of CRYSTOLON bl ocky (regular), green
silicon carbide (St. Gobain/Norton Industrial Ceramcs, Wrchester, MA) and
8 to 12 25 parts of KRYSTAR 300 crystal24ne fructose (A E. Stal ey

Manuf acturing Co., Decatur, |IL) to make a slurry. The silicon carbide

particul ate consisted of about 70 parts bﬁs wej ght of Gade F 240 (nedian
particle sipefosn capiid Qf&ﬂﬁé@éﬁ%‘ﬂ%‘ﬂ? L2 @é”&aﬁﬁéer ardahuet nedi an
particle SIztfgleefwiﬁlt}i@g&gtlég@bﬁge@mbasUaﬁdmim»d&e%ml dobficamRicR. fgided to a

plastic jar and ro m xed for about 40 hours. The slurry was de-aired in
about 760 nbeanyfprefomy wWae IRy siroT ol EFotNBURr Prism 3nd gsatursds aboutifoum lengri nut es.
About 15 m rior. ' A8 ShLLE Y ) L el ) to suspend
any settl edlg%%b‘r%tﬁ t| @u‘“g‘t“é‘tgebigg‘%%g%f’? gﬂ‘g‘u pbpgﬁﬁr'ggylgﬁ%t%gsﬁaﬂgg%%%% ﬁ%%t 0 a

vi brati oh twabihlé senie asddoaduitrfor dontdmetingymolfenanfiaititywartl abd mtalths iU-gdnsdiape to
be cast was V\Ftted with a surfactant consisting of a 10 weight percent
aqueous sol RFFI°GH of JOY di shwashi ng detergent (Proctor and Ganbl e,
Cincinnati, OH. The wetted rubber nold was then placed onto the graphite
plate and allowed to dry. The slurry was poured into the cavity. Vibration
was commenced. 14 laxrupdpr infilitalign ey thedpeparidd ful |y 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 Hbl d t herReferring tcFigurgn bA ang b8, GREBT OhENblenkst green sikgonsatbidea  freezer

mai nt ai ned . = he & ' roughly
frozen in %&a%a&%ﬁ?ﬂ@g‘h&rﬁe%ﬁ ﬁéem%e:ngég%‘%{gl?ﬁg&ﬁ% en&?éfgg(%, i%(reig was
denol ded anGolpirdNexornintiustdal §lesgniics, & orchester, 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 placed 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 substantially pure aluminum and having a total mass of about 62



setter tray for drying and bisque firing. The graphite tray and preform
were then placed into a nitrogen atnosphere furnace at anbi ent

t enper at ur WO 0T@s7f ur nace was energi zed and progranmed top 99)18446"
tenperature of about 40 C over a period of about one- half our, to hold
at about 40 C for about 2 hours, then to heat to a tenperature of about 650
C over a period of about 5 hours, to hed d at about 650 C for about 2
hours, then to cool down to about anbient tenperature over a period of
about 5 hours. The bisque fired preformwas renoved fromthe furnace and
st ored unt i g wetearnanged|at thatfoatiof Ehteebpam prefam| atthaigwengleration. OAdc[Iuéxﬁl |yzes the

per cent by VBRSO ST BEHCTR 88 BB B o S B A6 o yaieret
produce a " bktamiblppbﬂﬁrwtﬁt Rifter dhce 1tH*a§Hﬁﬂ@1‘ﬂbftenD"I%E Qfaphite! 0y zirl‘dciﬂﬁgﬁgﬁts pr eform
2. g and had .overall dinensions of about 76 nmm | ong

had a nass o bou
by about 64% i?‘%fﬁméf’o%@{ge?,@aﬁwewwﬂmen(ﬁ@s a\fppat’) having 2 npET/ US99/ 16449
24 prefcym&ﬁﬁ&icﬁnyﬁsiea&ﬁg @aﬁﬁlﬁ’:thdbﬁiﬁx%byﬁ&ﬂn ftﬁﬂay\g@' I's parallel to one

anot her and at angles with respect t The base and wal | s
wer e each about 10 mm t hi ck. The beam preformwas in the shape of a

rectangul ar pri | .0 by. about, 11 mm w de by
about g rrmtﬁl c?ﬁkg}qfﬂr%&%#g?@??%ﬁﬁgt |sebte}gﬁ{'?)a¥18¥§€afw v‘%ﬁul d serve as a
condui t forevwat:thapgssdeeh)w l@ﬁnﬂllhtmmhtﬁtaomhmiéunebdghifgpgh?. tlihf:hantnel
reform A u infiltratio t hen prepared. ferring to

Igi gures 1A é?fébef%né rBP’BBE?F\%%ng ﬁteé‘JHef ﬁ°€%ﬂ°ﬁfﬂbc DAkt cul ate 11
havi ng 18 MBADET RRF & b&idd oFaBsut 8 ho@BAkn Heldat %&&@ﬁ;ﬁo CEAARuN gé?{r,nﬁ%n .

Gobai n/ Norton Industrial Ceramcs, Wrchester was poure [ _

graphite t rflaa}tedﬁ_t@ abcmd@ﬁm(hg ahblm]thozwﬂlerrheldmmwt 70D fartab&A 4rhwutsn  hei ght .

This silic rbé‘ B@gécul at e edd| ng material was arranged within the
PguY

graphite t o gout ?/ ours.

Following this heating schedule, the boat and its contents was recovered from the

15 vacuum furnace. The silicon-aluminum alloy had melted, 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 droplets 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 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 t N&®BE8TF 7 was placed into contact with the beam PEBUSI%NSesi fi cal |y,
t he U-channel preformwas cenented to one end of the beampreformwth a
slurry conprising by weight about 67 percent 20 CRYSTOLON regul ar green
silicon carbide particulate (G ade F 5@6, St. Gobain/Norton Industrial
Cerami cs) having a nedian particle size of about 13 mcrons, and the

bal ance bei ng about equal wejght fractions of water and KRYSTAR 300
fructose (Eoliowing sadapentaion cpsting and Heeans: the PrdoTbilYRg Weredpsf B8Ry si s cycle to
carboni ze {hgetahite bPsRut if{@@,WQQQreﬁm&%ﬁ&dﬁéd‘ﬁ@dtﬁg%Q&ﬁﬁ’s @ﬁ%&aaxt)@:osl C
particul ate bedding material with the U -channel 25 preform 12 at the higher
el evat i on, aemdicragiang)ihp pstts duede thepbtenid forcxasspive Metervardr generatiedi e down

towards th QUaI t'gpﬁl.- (S f Lnfiltrant
material c rr%%orl S|a}1v§L g'élaevagl g dl@B@W@@aﬁ%g{%gﬁgﬂa& 151}1%%%9 agg%gh%é

subst an$ i akubgtaptially inbeoordanca witidthh heating dasctibtdiin Bxasplect toplymiyzeGe WO 01/ 07377
PCT/ US99/ 16449 .25 g, wer.e arranged at the foot of the beampreform at the
| over el ev%ﬁ?gﬁb%ﬂ}%%‘??&; @%g‘@“ﬁc%d%e B%?PB@FQ‘P%‘EMS arranged in a
ring 19 around the pile of inlltrant material 17 to help confine the

|l atter once it was made nolten. The graphite tray and its contents were

then placed int &7 thepigen marhiyRg PRETRN BF FREFORSVEE cementgbiggetieriigfitng a non
5 herneti cglly c&ﬁﬁ‘ﬂidiﬂ'g%yg@élgﬂ'aB@ut%V%ercEﬂQﬂ?&bSﬂ‘@E@N!r@é‘dlﬂ%rt#%%iﬂc@ﬁ[' up. The

| ay-up was placed 1 nto’a vacuum furnace. The heating chanber was evacuated

to a pl@ssearbidppirtionlate(Grade FiSParSt. Getain/Morasdhdustréad Ceragugh baynpanp. The
chanber and,jus6a0LEnL 8 YELE 4 HED,NEBLGH L5 feih PRSE BRI Gegfe about 40

to about 1 Over a period of abou our s, .-at "about 1100C
for about fradtious of witerand KR STAR 380Gty stallit FOGoser{ Adh GteleylMamufagturidigen hel d' at

about 1270C, o 30Ut 4. DM S 1049818 k00 AG 0, 30out, § hours.

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 small 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 1id to complete the lay-up.



Following this heating schedule, the boat and its contents was recovered
fromthe 15 vacuum furnace. The silicon-alum num alloy had nelted,
infiltratedobvwayh the beam preformand into the Uchanﬁglr,uggﬁ]fﬁg‘{gm to
forma dense, silicon carbide conposite body. Although the beam was bonded
to the U-channel and had to be renoved by cutting with a dianond saw, the
infiltration of alloy into the prefornsas well controlled. Specifically,
there was no infiltration into the SiC particul ate bedding material, nor
was there exuding 20 of excess alloy (as droplets or otherwi se) fromthe
surfaces of the infiltrated preforns. Exanple 5 This exanpl e denonstrates

the fabrication .8 silicon carbi cofrposite air ., 25 bearing support
frame featuring b pede W?aﬁ'érﬁ‘fa%?%f %’?’Eh?n%é'éé’@‘?t ZPﬁl’%mé‘S% 81 so
denmonst r at e24p bfn hizh! wasthdrnPlacell info 4 PAcRin\@ncel Al GREANDRSEdsdRRAY. An air
beari ng support franme preformwas fabricated in two |ongitudinal sections

usi ng subst s¥staatislly the game-mennseas that far Fxamplerty cxerphtha) thedemagrayes®ss bed in
Exanpl e 4. M:Q%ﬁ&?a'ﬂgoﬁgﬁdﬁ%ﬂo%éﬁowggﬁsfﬂ%ﬁ%&gl}%%fg. mentation casting

and freezing, the preform es were drie a tenperature of about
150C, with a carefully controlled heating up to this tenperature to avoid

cracki ng the par due to th Qtential for excessiye.waler vapor
generation. The A%Freﬁeglrovrﬁnﬁgrfesl@gu%\g?lg L?%‘@ﬁ“%ﬁ‘l‘rﬁc(gﬁ%l%wnq %‘Sﬂﬁl |y processed
in a nitrogpfocedsiimgsipivas ebsbrved that thatlicyl ihfltramt had aehet flowedvadrbsst(bet noeat i ng

or of or s oMl BB sl e ReleEi PR EoBE N AR AT BRoper at i on.

t he sect p Onpref@Rme ardiid i fftate® 8R phFsrmotpfodace §§iliédn}baﬁ:@dmfdugio§iﬂa dy wei ght
about 67 percent CRYSTOLON re_%ul ar green silicon 10 carbjde particul ate

(Grade F 50bearigg sunpgpdramendYilerihare wasa bodyjof essidyab alley matepiahigpnded foghg an

particle sizepOfind QOME inkihl BRAR PSint ﬁi&%ﬂieﬁfu:ﬁ@é@d?‘&?es‘ﬂ hirosaROMcnfitunal  wei ght
fractions of wat eg and KRYSTAR gOO’crysta 1 ne fructg%e ?A. E. gt aley
Manuf act ur i reflected 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 surfaces of the preformwere spray coated with KRYLON | acquer
(Borden, M™me0107851 unbus, OH) to 15 retard the water absorpgirh@ase fsassewhat
during the gluing operation. The slurry was applied to one of the surfaces
and the hal ves of the preformwere brought together under |ight pressure.
The bonded preformwas then put back injp the 150C drying oven to cure the
fructose in the joint region. Following a snall anmount of additional green
machining at the bond line, the air bearing preform had approxi mte

di nmensi ons of about 511 mm 20 | ong by about 35 nm w de by about 70 mmin
hei ght, and.had a. s _of .about 2145 g. A lay-up was next prepared.

Speci fi cal |9?mt¥z$§‘%i"aﬂpleelgu| ar, green silicon carbide particulate (G ade
F 90, St. Gobain/Norton Industrial Ceramcs) having a nedian particle size
of about 216 m crons was poured intg_a graphite tray neasuring about 790 25

nm | ong by aboutTheIrateralsdnddeahpiquesaiExample WraeHbstaatiallyvencalgd¥csmdr m a

beddi ng Iid E’dix?é {32 B ¥BSn gading

mat er i aIS. %%udtls’%gé;fg 0 Eogﬁ?f}%??ﬂ g%.n%aalrpfroy c’(rglll ri sf%&%ﬂ%ﬁgi ghtdqabout 68
percent si | ¢ndoef a loaseanass ofihb siligen ¢ashitle/partiawlatesa Whierthe$ Al gllec meltedear by .

The graphitg .t I ite | having a
non- her net i%glcfjgéfesea is%&g P gp%i%ﬁfgo+ %89 %ﬁ%ﬁé@g%@g%@ﬁ%ﬁ% 01/ 07377
PCT/ US99/ 16449 27 This | ay-up, which neasured about 850 mm | ong by about
290 mm wi de.b abou?g 24[,') mm hi gh, was then placed into a vacuum furnace
and thernalq:?}xrbarrﬁﬁ"g 8FPIEF  substanti al | y the sane manner as that for
Exanpl ej¢d, except that the tenperature was 5 maintai ned at about 1270C for
about 6 hours instead of about 4 hours. After _ renovin e lay-up fromthe

th
vacuum f ur nace fFORTBlG hyatbsiartially prperteds xaegt thatingiged 085%‘3?3/@?11% at the
al 1oy infildantv e f{cﬁﬁs#ﬁu?%‘ﬁfé sPEEPSShiO Mt Etite fillEHRAtert I Sbshd 11 CON

carbide particul ate d erial 1nto contact with the air bearing 10

ed
preform  arReragaicby wieightof FLAAGINE aprylie tosim (The Pulant e, AVifningtoonDERV# de
conposi te 8jghed. About 9.1 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



beari ng support franme. Wiile there was a body of residual alloy materi al
bonded to the air bearing at the initial contact point, the other surfaces
of the suppt?¥33ne accurately reflected the original prefusswisumf aces,
with no infiltrant material exuding fromor otherw se accunulating on a
surface. 15 Exanple 6 An air bearing support 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-alumnumalloy to forma reaction bonded silicon carbide conposite

part. Figur Re, ‘:fngbq re conpl ex-shaped piece of the two in the
as- i nfiltratcg)géa%on i n?EHZ)S Exanpl es 4 through 6 thus denonstrate that a

shaped silicon carbide conposite part, even one having a conpl ex geonetry,
can be produced resent reactive.  infiltration technigue with the
final conposite E%adﬁypqgtlz%&rg glfeoéﬁtai}tl@gﬁ?qegtgg’ieﬁ&q’f hé{’?ﬁ%%’fl nNd*" M f aces of the
startingspr efvirormeM{arDatmosEhék JPCIhideR Y pddflowiflg afgonpas whd nsed.BXanmpl e 1 The
material s and..techni queg of Exanple 2 were substantially repeated, except

5 that inst %‘Pnﬁﬁ‘gﬁ'ﬁa com syrup and pressing a preform the perneable
mass consisted only of a | oose nmass of the silicon carbide particul ates.
Wiile the Si-50A1 alloy nelted and covered the surface of the silicon

car bi de par freprative Exggmpia¥ i | trati on occurred. Conparative Exanple 2 10
Exanpl e 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
material, about 1 percent by weight of ELVACITE acrylic resin (The DuPont
Co., WI mvaghets77 DE) was added. About 99.1 percent of tp@F/{JF@m Has
removed during the preformheating step 15 prior to the 1 ra?lon step
Again, no infiltration occurred. Conparative Exanple 3 Exanple 2 was
substantially repeated, except that in (ijead of adding 15 percent by 20
wei ght of corn syrup to the silicon carbide particulate and pressing a
preform about 3 percent by weight of Grade KS-6 graphite powder (Lonma,
I'nc., Fairlawn, aMNdkisa¥Bet opaidB4 skill Wil rdalii®y @@fécia&tmatvaﬁeus\ehbdxﬁcdueflé inky at i on
mght have resul ted at hi gher tenperatures, |nf|Itrat|on of Si-50A1

al l oy i nt obempdsds élqm%ntanvmnprswggqﬁt ﬂmrtélg&oermhp seppgof theelaimp aant
operating & ﬁ@rf:ﬁire of about 1 150C. 25 WD 01/07377 PCTI VS99/ 16449 29
Conpar at i v e 4 Exanple 1 was substantially repeated, except that

i nstead of a vacuum 5 envi ronnent, an atnosphere of commercially pure,

fl ow ng argon gas was used. No infiltration occurred. Conpar ati ve Exanpl e
5 10 Exanple 2 was substantially repeated, except that instead of a vacuum
envi ronment, an atnosphere of commercially pure, flow ng argon gas was
used. Sonme regions of the preformwere not infiltrated with all oy
material. Moreover, those regions that were infiltrated were porous and
non-uni form 15 Industrial Applicabili ty The nmethods and conpositions of
the present invention find utility in applications



requiring high specific stiffness, |ow thermal expansion coefficient, high
har dness, high t hermal conductivity and/or high wear resistance.

Accor di ngl YYOPHESTi | i con carbide 20 conposite material s ofcrivssgrsesent
invention are of interest in the precision equipnent, robotics, tooling,
arnor, electronic packagi ng and thermal nmanagenent, and sem conductor
fabrication industries, anong others. Ti& present silicon carbide
conposite materials are candidate naterials for wear critical conponents.
Specific articles of manufacture contenplated by the present invention

i ncl ude sem conductor 25 wafer handling devices, vacuum chucks,

el ectrost at iWhaskddmed & r beari ng housings or support franes, electronic
packages and substrates, nmachine tool bridges and bases, mrror
substrates, mrror stages and flat panel display setters. WD 01/07377

PCT/ US99/ 16449 30 AAnethsd fos anaking aGilidomentlids kinposié mhtefiglachinhprisigpr eci at e
that various nodifications may be nade to the present invention w thout
departing fromthe scope of the clains, as defined herein. WO 01/07377
PCT/ US99/ 16449  grovidiitad pdrsest]@inBREomprisidg cafbdiet hod for making a silicon
carbide conposite material, conprising: providing a perneable mass
conprising carbon; providing an infiltrant material conprising silicon and
at | east one net ' ' i na. sabd 1 nf§ jal to a
tenperature ab_ovgllotvﬁsen%%lgﬁlln us@%ﬁ%ﬁ%ﬂt}gggygﬁgdﬁ?(ﬁ i fr%rt;nal%}rrat erial to
forma noltesmimefall trait material; communicating said nolten infiltrant
material into contact with said perneable nass;

heating said infiltrant material to a temperature above the liquidus temperature of

said infiltrant material to form a molten infiltrant material;

communicating said molten infiltrant material into contact with said permeable

Imass;

infiltrating said molten infiltrant material into said permeable mass, and reacting
at least a portion of said silicon with at least a portion of said carbon to form a composite
body comprising silicon carbide and an alloy comprising said silicon and said at least one
metal, said alloy having a chemical composition which exhibits a volume change upon

solidification ranging from about negative 5 percent to about positive 7 percent.

2. The method of claim 1, wherein said permeable mass comprises at least one

filler material.
3. The method of claim 1, wherein said permeable mass comprises a preform.

4. The method of claim 2, wherein said filler material comprises silicon carbide.
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infiltrating said nolten infiltrant material into said perneable nmass, and
reacting at least a portion of said silicon with at | east a portion of

sai d carbaoyoe@7$mrm a conposite body conprising silicon pegy¥osiesaspnd an
all oy conprising said silicon and said at |east one netal, said alloy
havi ng a chem cal conposition which exhibits a vol une change upon
solidification ranging from about negatjyve 5 percent to about positive 7
percent. 2. The nethod of claim1l1l, wherein said perneabl e nass conprises at
| east one filler material. 3. The nethod of claim1l1, wherein said
perneabl e mass GOMRE hittodaf plad D Wherdin sﬂih@ill@?&hﬂ@ﬂal@ﬁn@hﬁdsm Rastoher ei n sai d
filler material _conp rls%§ S|I|con car?P repl aced Thi s Sheet gas Be
LELETEL 11 1P selqcfedtrom) the grqup consisting ofpartiqylajgs, Basre Plisicipdiakesent 16449 32
5. The net hggh,BfedGhaédRes: Wherein said filler material conprises at |east
one formselected fromthe group consisting of particulates fibers,

pl atelets, flakes, and reticulated structures. 6. The nethod of cIa|n11
wherein said pel e © about
95 percent poros???ph%ﬂ£$%§d JEE%IQ%Q%%E%QES %%ggkmsalg&perneable mass
conpri ses |lapowmsSipgirent tb mioamt &5 percertt ppesicent t o about 10 percent of said
carbon. 8. The nethod of claim1l, wherein said carbon is fornmed by

i ntroducing a sugar- based resin into said perneable nass, and thermally

deconposi ng the7r Q’ﬁb&eﬂlﬂdafﬂ&ﬂrl%eﬁﬁui&ai@pe@:h&ﬁﬁ@ﬂﬂ@is@:om%ns&@vﬁ@gﬂﬁOd of

claim1, wherein said carbon is in the formof a reticul ated
from about 1 percent to about 10 percent of said carbon.

8. The method of claim 1, wherein said carbon is formed by introducing a sugar-
based resin into said permeable mass, and thermally decomposing the resin in a non-

oxidizing atmosphere.

9. The method of claim 1, wherein said carbon is in the form of a reticulated

structure.

10. The method of claim 2, wherein said carbon is in the form of a coating on at

least a portion of said filler material.

11. The method of claim 2, wherein said filler material comprises a three-

dimensionally connected structure.

12. The method of claim 2, wherein said filler material comprises bodies ranging

in size from submicron to several millimeters.

13. The method of claim 1, wherein said infiltrant material comprises silicon and

aluminum.
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structure. 10. The nethod of claim2, wherein said carbon is in the form of
a coating on at |least a portion of said filler material. 11. The nethod of
claim?2, wweraiors7said filler material conprises a three- ﬂ&ﬁ@ﬁgh?nglly
connected structure. 12. The nethod of claim2, wherein said filler
material conprises bodies ranging in size fromsubmcron to severa
mllimeters. 13. The nethod of claim1, $herein said infiltrant materi al
conprises silicon and alumnum 1 IIIIP Frrerer rrerr 220 100 1l WO

01/ 07377 PCT/ US99/ 16449 33 14. The nethod of claim1l1l, wherein said netal

%WDEL Seséa at | easd. nfe&n%h@hg:&ahggewg&’eﬁﬁlgiﬁmﬁlE&ﬁp@"eiﬁﬂe%@ﬂxﬁ;ré_iéﬂlé@ﬂ gf AIV,

, , , Ba, , B, Sn, ,. Pb, Fe, N , n.. Ag, Au, Ti,_ r, V,
G W and’ Metteidrom e SRR AORBRSI ALME Conhari §0. 58 G iPbi K6 MutCovat er 1 21
conpri ses bynWel ol Ti, #0Hty &GURn ahd 6L 1 Ons of silicon and al um num 16. The
met hod of claim1l, wherein said infiltrant nmaterial is heated to a

tenperature ranging fromabout 800 C to about 1400 C. 17. The net hod of

claim1l, wherein o QNe: . {S.: : ' . -

at mosper o, 16, e nspqiaid ol 1o I Gy bW o) i
conduct ed ualshat equakimactions dfSilicén amt diwdinfimr maki ng a silicon carbi de
conposite material, conprising: providing a perneable nass conprising at
| east some carbon; supporting at | east one surface of said perneabl e nmass
w th a beddi ng ng. ertieahethcdsielals il Ngheréih is4i infiltednp e rial is heated to a

temperature ranging from about 800 C to about 1400 C.

17. The method of claim 1, wherein said infiltrating is conducted in a non-

oxidizing atmosphere.
18. The method of claim 1, wherein said infiltrating is conducted under vacuum.
19. A method for making a silicon carbide composite material, comprising:
providing a permeable mass comprising at least some carbon;

supporting at least one surface of said permeable mass with a bedding material

comprising silicon carbide;

providing an infiltrant material comprising silicon and at least one metal or

semimetal other than silicon;

heating said infiltrant material to a temperature above the liquidus temperature of

said infiltrant material to form a molten infiltrant material,

iy L
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providing an infiltrant material conprising silicon and at | east one netal
or semnetal other than silicon; heating said infiltrant material to a

t enper at UM@ BB the |iquidus tenperature of said infilPCraispy/eadserial to
forma nolten infiltrant material; I/ii/I'101/11111qg//1111 WO 01 /07377
PCT/ US99/ 16449 34 communicating said nolten infiltrant material into
contact with said perneable mass; infidgrating said nolten infiltrant
material into said perneable mass to form a conposite body conprising
silicon carbide; and continuing said infiltrating until said nolten
infiltrant material ewnmuricafingspid malied énfilgantmateriakinto eoatadt witlisidhg nat eri al
hal ting inf %x!n]i aﬁiteirrﬁ’# into said bedding material, thereby defining an
extent of sai TPr at | ng. 20. The nmethod of claim 19, wherein said

per neabl e mass conprises silicon carbide. 21. The nethod of claim19,
wherein said perneable.nmass ¢ rises.at least..one . filler, material. 22.
The method of cl ai m POISHRESERFoLen PRt maEark P saidipeansaieTnish A OFF sai d
per meabl e ERSHpbsiteibolRESARIGH Bibon 2dbide; aRd hod for nmaking a silicon carbide
conposite material, conprising: providing a perneable mass conpri sing at

| east some carbon; supporting at | east one surface of said perneabl e nmass
with a bedding oRirhilsaid cORTREACH 21 SidBORL idhiokhtthatbta) SRSLERE 2l | Y
non-infiltratable undér the process conditions; providing an infiltrant
mat eri al cdaphingnaigriel saidbetding material halting infiltfatipn intq $aid Yedding material,

thereby defining an extent of said infiltrating.

20. The method of claim 19, wherein said permeable mass comprises silicon

carbide.

21. The method of claim 19, wherein said permeable mass comprises at least one

filler material.

22. The method of claim 19, wherein at least a portion of said carbon of said

permeable mass is interconnected.
23. A method for making a silicon carbide composite material, comprising:
providing a permeable mass comprising at least some carbon;

supporting at least one surface of said permeable mass with a bedding material

comprising a material that is substantially non-infiltratable under the process conditions;

providing an infiltrant material comprising silicon;

T



CL MWD 01/07377 PCT/US99/ 16449 35 heating said infiltrant material to a
tenperature above the liquidus tenperature of said infiltrant material to
forma nol twoolwrfrt trant material; communicating said nol t2,i0d/idids” 2Nt
material into contact with said perneable mass; infiltrating salé nol t en
infiltrant material into said pernmeable nmass to forma conposite body
conprising silicon carbide; and conti nuijﬁg said infiltrating until said
nolten infiltrant material contacts sai beddi ng material, said bedding

material halting infiltration into said bedding material, thereby defining
an extent of sai chehtitigshidrinfiliraigt- maldial thhteiBérng® a8bvehalignidiss tep@aiebrsai d
beddi ng materj al .contai ns substanti al | no i nterconnected carbon. 25. The

met hod of clS#idinBirant fpaterial o fogn @ melaymtilragbmaleniall cont ai ns substantial ly
no free carbon. 26. The nmethod of claim 23, wherein said bedding materi al
conprises at |east one, materjial selected fromthe group consisting of

al um num oxi de afemEUGIPRERE RN moltcganfilyant mptesiahintolrentagy wigh sidwer@eablher ei n
said infiltr 'g;ng is conducted in a tenperature range of about 800C to
about 1800C. . The met hod of claim 23, wherein said infiltrant materi al
conprises silicon and alumnum 111111111121111121112 < MILILITLIETITDT WD
01707377 PCT/ Usg%ﬁ’]lgﬁtﬁn‘gg sm%?nolten infiltrant material into said permeable mass to form a

composite body comprising silicon carbide; and

continuing said infiltrating until said molten infiltrant material contacts said
bedding material, said bedding material halting infiltration into said bedding material,
thereby defining an extent of said infiltrating.

24. The method of claim 23, wherein said bedding material contains substantially

no interconnected carbon.

25. The method of claim 23, wherein said bedding material contains substantially

no free carbon.

26. The method of claim 23, wherein said bedding material comprises at least one

material selected from the group consisting of aluminum oxide and aluminum nitride.

27. The method of claim 23, wherein said infiltrating is conducted in a
temperature range of about 800C to about 1800C.

28. The method of claim 23, wherein said infiltrant material comprises silicon

and aluminum.
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29. The nethod of claim 23, wherein said infiltrant conprises by wei ght
from about 10 percent to substantially 100 percent of said silicon. 30. A
conposi t eMsop737¢onpri sing: a matri x phase conprising silpcgRRPErL de; at

| east one filler material other than silicon carbide; and an all oy
conprising silicon and at |east one other elenental constituent, each of
said filler material and said alloy beifyg distributed throughout said
matri x phase. 31. A conposite body, conprising: a primry phase conprising
at | east sonme silicon carbide in interconnected form and a secondary
phase conpri singgan éﬂhbmét}ﬁiiti%lfEhﬁutgdﬁkfﬁi:ﬁ%ﬁﬂhﬂﬁd&h%éwwa@lhm sai d
al | oy conpr|5|n silicon and at | east one q constituent, said alloy
havi ng t he 2bBRdOErsFngP s’é‘ﬁ&’ﬁﬁ?lh'gw@lpf@eﬁ‘%ﬁmgé‘&% fication in an amunt
rangi ng from about negative 5 percent to about positive 7 percent by

vol une. 32. The conposite body of claim 31, wherein said alloy undergoes a
vol unmetric size change upon solidification in the range of about negative
1 percent to about positive 3 percent. liii! 11111 11 111l CL S WO

01/ 07377 PCT/ US99/ 16449 37 33. The conposite body of claim 30, wherein
said at | east 0136. @tdverposiGrisilyfaverprisingf said al |l oy conprises al um num 34.
The conposite body of claim31l, wherein said alloy conprises by wei ght
about 40 percent to about 60 percent of said silicon. 35. The conposite
body of cl ai m 3%k mattiepleisecanpribing silityn cabjdej ses by wei ght

at least one filler material other than silicon carbide; and

an alloy comprising silicon and at least one other elemental constituent, each of

said filler material and said alloy being distributed throughout said matrix phase.
31. A composite body, comprising:

a primary phase comprising at least some silicon carbide in interconnected form;

and

a secondary phase comprising an alloy distributed throughout said primary phase,
said alloy comprising silicon and at least one other constituent, said alloy having the
property of changing size upon solidification in an amount ranging from about negative 5

percent to about positive 7 percent by volume.
32. The composite body of claim 31, wherein said alloy undergoes a volumetric

size change upon solidification in the range of about negative 1 percent to about positive

3 percent.

VD o



about 40 percent to about 60 percent of said alumnum 36. An article of
manuf acture selected fromthe group consisting of an air bearing support
frame, a mwoeresBmbstrate, a mrror-substrate, an el ectrof4 Fagp, an

el ectroni c substrate, a sem conductor wafer chuck, a machine too ridge, a
machi ne tool base and a flat panel display setter, said article
conprising: a conposite materi al conpris% ng S|I|con carbide and an all oy
distributed throughout said silicon carbid said all oy conprising silicon
and at |east 10 percent by volune of at Ieast one netal selected fromthe

group consisting 33 TakYbinpoite badydr ctad 30CHRREN said 4t leANoY dthétlcBnsbituent
manuf act ur e conprl sing a_ conponent for handl i ng sem conductor wafers, said

conponent  coffFRISIAY, CANPrSEHHURINBL de and an al loy distri buted throughout
said silicon carbide, said alloy conprising silicon and at |east 10 percent
by vol une of alum num 38. The conposite body of claim30, for use as a
substitute mater i3 Thecompesitdbedymfzlairg 1 aviereim said ellaysompnigesbiyoveight sai d at

| east one otﬁg{lﬁ‘gj&% lttgl &R%&)é&%r&sa%?hg%l d all oy provides an

enhancenent 1n ess o sa 0SI Thi s Sheet Has Been Re \,
ri~ll placed 111 J|II (0 A T I I 1111111IIIIIfIIIIII 111111111111 M's
111111 VO 01/ 07373%. Q'gr!:yzﬁgogs{tg' éd%lgof cPann 31, wherein said alloy comprises by weight

about 40 percent to about 60 percent of said aluminum.

36. An article of manufacture selected from the group consisting of an air
bearing support frame, a mirror substrate, a mirror-substrate, an electronic package, an
electronic substrate, a semiconductor wafer chuck, a machine tool bridge, a machine tool

base and a flat panel display setter, said article comprising:

a composite material comprising silicon carbide and an alloy distributed
throughout said silicon carbide, said alloy comprising silicon and at least 10 percent by
volume of at least one metal selected from the group consisting of aluminum, zinc and

copper.

37.  An article of manufacture comprising a component for handling
semiconductor wafers, said component comprising silicon carbide and an alloy
distributed throughout said silicon carbide, said alloy comprising silicon and at least 10

percent by volume of aluminum.

38.  The composite body of claim 30, for use as a substitute material for
traditional ceramic articles, and wherein said at least one other elemental constituent of

said alloy provides an enhancement in toughness to said composite body.
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39. The nethod of claim1, wherein said at | east one netal or sem netal
conprises at |east one elenent selected fromthe group consisting of

al um num wap@pEes7z germani um and silver. 40. The net hod ETR%@@H& , Wherein
said alloy exhibits a volunetric change upon solidification i'n the range
of about negative 2 to about positive 4 percent. 41. The nethod of. claim]1,

wherein said alloy exhibits substantiall]yy zero volunetric change upon
solidification. This Sheet Has Been Pladed i I11/11L ;o lullt 1THrrrnd
FEEErE treer rerrr 1 CL

39. The method of claim 1, wherein said at least one metal or semimetal
comprises at least one element selected from the group consisting of aluminum, copper,

germanium and silver.

40.  The method of claim 1, wherein said alloy exhibits a volumetric change

upon solidification in the range of about negative 2 to about positive 4 percent.

41.  The method of claim I, wherein said alloy exhibits substantially zero

volumetric change upon solidification.
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