WO 01/ 07377 PCT/ US99/ 16449 1 Technical Field 5 Silicon Carbide Conposites
and Met hods for Making Sanme The present invention relates to inproved
conposite materials and the nelt infiltration nethods for producing t he
sanme. Speciwooabhtiy; the present invention relates to Si'bF?

conposites wherein preferably at |east a portion of the silicon carblde IS
produced by reactive infiltration. 10 Background Art Silicon carbide
conposites have been produced by reactivg infiltration techniques 15 for
nore than thirty-five years. In general, "such a reactive infiltration
process conprises contacting nolten silicon with a por ous mass contai ni ng

silicon carbide plus carbSRconTatbide/@ERQan@ MetHdas for MaXBR G
environment.. A wetting condition is created, with the result that the

nol t en. S|I|con is pulled by capillary action into the mass, where it
reacts wth the carbon to formadditional silicon carbide. This in-situ
silicon careehmigalBielda| |y is 20 interconnected. A dense body:usually is
desired, sso the process typically occurs in the presence of excess
silicon. The resulting. conposite body thus conprises silicon carbide and
unr eact ed si | i cofh¢ piesanhinykonirdatestb émpronedaminpdite neatchaiveapnd liee melf erred to in

bodi o 15 i AP e Prraur PR b PRRESRARED, bR PGSR o

bondi ng" or mhr.@aﬂiri)mlecorﬁ;ﬁ)sltﬂfwﬂei'dixaﬁﬂeﬁfh'bly at leagagonion ofithe@ficbh esbide is
denonstrations, of . this tec Io y, Popper (U. S. Patent No. 3,275,722)
produced a SEPCIRVIEFULE] ‘ar bi de body by infiltrating silicon into a
porous mass of silicon carbide particul ates and powdered graphite in vacuo
at a 30 tenperature in the range of 1800 to 2300 C.

Background Art

Silicon carbide compeosites 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 sﬂlcon 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 at a

30 temperature in the range of 1800 to 2300C.



WO 01/07377 2 PCTI US99/ 16449 Taylor (U.S. Patent No. 3,205,043) also
produced dense silicon carbide bodies by reactively infiltrating silicon
into a porous body containing silicon carbide and free carbon. Unlike
Popper, Tayhgygfgdsst made a preformconsisting essentially of granular 5
silicon carbide, and then he introduced a controlled anourCIg¥S¥deHon i nt o
the shaped mass. In one enbodi nent of his invention, Taylor added the
carbon in the formof a carbonizable resin, and then heated the nmass
containing the silicon carbide and infilt¥ated resin to deconpose
(carboni ze) the resin. The shaped mass was then heated to a tenperature of
at least 2000 Cin the presence of silicon to cause the silicon to enter
the 10 pores of the shaped mass and react with the introduced carbon to
formsilicon car bﬂ‘ab&or(ﬂs IPegnici¥iel 3{B0S,043) als0 pedesedatenidficor Aebide bblieSH gl c

Conpany took_a d eren qQach, V\,he e fibrous versions of Si/Si
conposi tes wEPEY ’&ﬁn@Hn%VP‘re@éEtPla\PﬁT‘Ws odyrePPleimE SHis o 53B1A 2rd Bes  pr ef or .

15 More recepirbyn. GhikePaps, ﬁ&ior@&&t%ad?@ﬁﬁﬁhn%@nmsﬁng eehmiy br ghagioses the

production of silicon carbi d conposite bodi es through the use of a
silicon aPl oyiliFemrgartide, ard th%hc ingpdircest arangolied ampupt eficarbed iy thetshapsti| oy can

consi st of CcgfRoN, Bhe GAELIRRER bBilis B9 | u&%po M th at
| east - one ot her mat eerl al &?i assgl ?rx\:ﬁ{ag?%ylloﬁe%, %B Iﬁlgm}gag %ar bi de
like SiC. Ti Grbepizaple@esim, andﬂxenueatctd tkem&s:cmainiﬁlgmwmilicmmrbm aod infidtratédke  Zr O2
or Al203; ' t n Sl2 0 m xt ures
t her eof . Theyisﬁlgﬂfh%toﬁ{p (?{I{r)g&ﬁ%esl nc%ulﬁ]des St ﬁe?:/gr?ssa%%?%%ﬁaﬁi? %lch as
al um num Commﬂm mt':at imtdIQ%Cmﬁb@demcb bmihconmmamﬁsemcmhrocﬂmeunm
titaniu silver atln m and Xt ur reof . 25.1n a preferred
enbodi rremr119 oPFY hﬁh‘ﬁpr&?ssﬁﬁ' TepGl VR ed‘H'm‘ﬁ‘ﬁ?éjt 6‘? fRregiega c%fgldf)or ous
carbon preform the liquid infiltrant alloy can be a silicon-alum num al | oy
contalnlnglnth romab t_ 90 % t.0 _about 40 at%silicon and in
the range of 3‘#\ %@thmﬁ? 15%%%355&%%%}8%%3%?%% %ﬂ‘&ge{eﬁb car bon
preform can %r&ﬁmtvﬂ&heﬁbmus 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 combmed vmh at least-one other matcnal such as a metal like Mo, W, or Nb; a

20 carblde like SiC, T1C or Z1C; a nitride hke SiaN,, TiN or AIN; an oxide like Zr(, or
Al,03; or an intermetallic compound:-hke 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 canbe 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



with the silicon-alumnumalloy at a tenperature in the range of from about
900 Cto WD 01/07377 3 PCT/ US99/ 16449 about 1800 C for a time sufficient so
that at | east sonme of the porous carbon is reacted to formsilicon

car bi de. UpGig giaph4sNg, the dense conposite formed thereby can be
characterized by a phase assenbl age conprising silicon carffiTd&S%%Hd4%t | east
one phase such as silicon-alum numalloy, a mxture of silicon and

al umi num substantially pure 5 alum numor m xtures thereof. -One problem
with infiltrating nulti-constituent liquifds into preforms containing |arge
fractions of carbon is that the infiltrant chem stry can change

dramatically S infiltration wel | as,fromone | ocation
to another w %?zgq({gfoﬁ(rie 5rs§1fﬁglﬂ§{){$ed1§ aglﬁast)sfo%ﬂ%gﬁdmé‘fusﬁﬁboﬁésrfﬁzﬁﬁir(%t es
this point. Tdrerséicon babidef Upbw anling tierdensd composits fdigicdthepddun bd at % Si, 46

at% Cu, but after infiltration into a carbon,.prefor It was substantially
100%  Ou. sﬁ?f‘%‘?%ﬁ‘;@%ﬂﬁﬁ%ﬁs?’l‘ |°°E‘H’a§%’b€e%n“fg’aﬁaf &b AJERSL QRS RISRE ffi cul t ;

this same Tabich as sivedi@dinufadloyhenixiufeoisiitéd dndaimifhh X bahaaligdueut at
about 30 at% Si, 70 at% Cu,ﬁlil%essure was required to achieve infiltration.

Pressure 7 nf PPERIE Griaixiueg fruch nore conpl ex 15 and expensive equi pnent
than do pressureless infiltration techniques, and usually are nore |imted
in the size and shape of the parts that can be produced thereby. Thus,

whil e the presen®ngproblamivath inBltrating miliiconstituent ignids snie prebymssymeipimg, unl ess
ot herwi se no , e pf ' ( ' i r,to those
not requiri né%h%%‘%’&#%ﬁ%%% &]lg%}ﬁ&agﬁ}gﬁ%%%:%haahgélgl{ahgﬁ&lgt% té éh % hat

t hei r net hodcardeofaniiratidocasivet] as fromonp bsitioaso wether mithin thepriefsinaJebleBt hout a

necs, |0 P SChic s PALADL D8 LR, B, SRR B Bl B 1o
al l oy remai sivaly, Hatte{en, betdieenififiraginto sartoa eeforly aovdsisciatdnyiallyo0sng et
2l tate thal SObloNL00, 20 bl LiEaLl ol pk NS COMROSIS PRl llE Not o
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 allowé production of composites very near
net-shape without a need for additional machining steps. They describe a number of non-
machining techniques for remqving 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. Stll further, the reacted preforrn may be



vol atilize the excess liquid alloy on the surface. Alternatively, the
reacted preformmy be imersed in an etchant in which the excess
unreacted liquid infiltrant is dissolved while the reacted preformis |eft
intact. Sti Mo diweisher, the reacted preformmay be WO 01/ 07377 4

PCTI US99/ 16449 contacted wth a powder that is chem call yPrcgg%’sg?q)sg ith the
unreacted liquid infiltrant alloy such as carbon, or a netal like Ti, Zr,
M or W In US. Patent No. 5,205,970, MIlivoj Brun et al. also are
concerned with 5 renoving excess infil t#ant foll ow ng production of
silicon carbide bodies by an infiltration process. Specifically, Brun et

al . contact éolﬂﬁf ﬁ %:\fgﬁwﬁw HR% Lﬁ ca%ltegctﬂ?@ w‘lﬂfﬂllé &rf’rga@{ed hgljl%iﬂlfﬂgar{{e ans”

such as carbon enera ri'se porous
bodi es of i rdlioysuchres cavbom,a)bheletahhlaTlaerMOkcatWare soI i d at the tenperature
at which the infiltrant is nolten. Preferably, the w cking neans has
capillaries that are at 10 least as large or larger than the capillaries
remai ning i n the in &R Paent Nars@ed,o0a dilivdBian et al.afsb later@hterhed wikke reacti on

formed bady that. is fill.l osity remain n th ion formed body
tead o sedRvingPus phiEdE W%ﬁﬁoﬂﬁtlﬂ%aﬁsgf%a i PSS BOFbS Ly 11 o
reaction foriiffraligthtocetd SpeeificaiyCBhnGt ABRARKC ttﬁ@ieuétioarromed%rou?wﬁh ail . to the
probl em of repoving,excess adhered silicon, while perhaps effective,

never t hel esdMiEgl; Padingfaeansgsuch avrarbopfee é\éerﬁrsgner@}ye&g vifkipgmeasmayg t he
formed conpogipgsdiidusMokifds Bhﬁﬁ?ﬁ‘aﬁt@éﬁﬁb]gﬁﬁ%aﬁﬂﬁ 5:@ s&??étmeﬁa era@RQY € the

l'iquidus tenperature. Wiat is needed I's a means I'mnatihg or at | east
m ni m zi ng t¥Ee ‘U@gmlsﬂ@@m!uﬁﬂefﬁﬁbﬂm ﬂtewadﬂnamhmsélds tapillahies thatrangead si | i con

car bi de 1020 1 _ 19%@)/&:31{ fhe E&l%eﬁ%%ﬁnﬁ tﬁer}gac'ﬁpr? % ?Ql%d log' epIthhgn to

produce a si con conposite ear-ne ape
m ni m zi ng tm@trammme rcﬂfcngrfondtd"ig)dam# mrﬁlmgqiormxm@mmonﬂsaegcnbm achl eve

the requir e%ﬁﬂeﬁ%@ﬁ} frdad I)f beH‘% dnl\m lggqge \glcicm(g: lmei\zansza%d leaving porosity in the

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 mﬁlﬁant_adh'ered'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 of inproved toughness. WO 01/07377 5 PCT/US99/16449 It is
an object of the present invention to produce a silicon carbide conposite
body of incrgggsfsi-nermal conductivity. It is an object of the present
invention to produce a silicon carbide conposite 5 body whtSEUIHd¢4dl
expansi on coefficient is above that of silicon carbide, and tailorable. It
is an object of the present invention to produce a silicon carbide
conposite body at tenperatures that areSabove, but only nodestly above,
the liquidus tenperature of the silicon-bearing infiltrant material. 10 It
is an object of the present_jnvention to produce a_silicaon carbide
conposite body a“%lgl‘gjﬁﬁ?é gi'lg,prgsephlgyequgn aqdusp @ siren carlidecarpnositg he

mel ting poi Nbo®f ofikdraséd the&@i corldictiviryan obj ect of the present invention to
produce a silicon carbide conposite 15 body w thout having to resort to
boron-containing barrier materials or expensive nolds to control the
extent of infiltrgtd ;I : . I ' 0] .ects and
ot her desirable a??érﬂb&%sé% ]Ehgﬁﬁo@g?rg%?toiﬂr%%{/(g%tg%%ﬁcé}cgﬁgezgc\oﬁfﬁeshed

t hr ough car ebedy whase thermalfexpansionbesfficiént israboyr thated silicay aadidk, rhdragdorebipl oyed

i n maki ng conposite bodies by reactive infiltration. In terns of the
present invention, the nost inportant of these processing conditions is
infiltrant chem shtisan dbjretofithepbdent invenfitn woeaiudan siicon datbidd@npositent
invention, the infiltrant terial co i se t least two., constituents,
and at | east Q%dﬁ'eat efnpfﬁagmﬁsotﬁ%taﬁ PN g“‘?&'ﬁ?ﬁ?i’%@@y GOV f R auiqus ferep el oh ot ed
t hat sil i contherifieéybesing infitrant flatefigl. expansi on of about 9 percent upon
solidifi @ti on. Thus, in accordance wth one aspect of the present

i nventi on,

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 2 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



30 by alloying the silicon with a material that undergoes a net vol une
shri nkage upon WO 01107377 6 PCT/ US99116449 solidification, it is possible
to produce a silicon carbide conposite body having a residual infiltrant

conponent t pasoipsker goes substantially no net vol unme chan
solidification. Thus, production of silicon carbide conpog%?gﬁggﬂ$g% t hat

exhibit neither solidification porosity nor solidification exuding of the
infiltrant conponent can be 5 realized. Carbon is frequently added to the
perneabl e mass to enhance infiltration. éUnIess ot herwi se noted, from
hereon the term "Perneable mass” will be understood to include the term

" forn'. . L £ ' ' ' . t hat
( hkes 10, pl @SR IPbeBcRd IR B Lolas AR oal habilg a FHRAEC 112
infiltrates irfdtranecompainen the ssdeggoes pubsthutiaity andetaslutfeehaigeiupom consti t uent

of the infiltr | I reacts.w th..t he carbon contained therein to
b oduce oi 11 80RMeaos- b ZRG B oM O AT Ben i Hodieh i bR Gacinte
di scover ed t bslidificgtiod paradity @opsadidifiefivhtemiding cfithdiafipiamgotdpenedciapie cont ent of
the perngable . mss to be infiltrated at relatively |low |l evels. Preferably,
t he anmoun o#ﬁpgge 15 carbon in the perneable mass is kept as | ow as

necessary to acconplish conplete infiltration in a reliable manner but

wi t hout unduly conprom sing the binder qualities of the carbon when.
preforns (e.g., sewbomisfiserentlygddse inihapsraephiemassyo ephancesafltatrpn. S(Upleys

| arge bodi esoaifokddf frbrh hadeblmWidr “BlriHe i maRORRILSe ifdefsR3aitd frclae ant
all oy conposition, thereby resulting in a silicon carbide conposite body
havi ng a di sfhertqmd‘panfom?-)p‘éa@@méﬁcaﬁwfrs@#miwieg,wownvqrdﬁ thechapasshat takes

e adai 11 onBe nceshiEl dpeBlafofHe b e b e ol o5
whose al | oy psfomoried s thasilizer @nshituental the inltentajlby restts imith glasagieon( swel | i ng or
FRICEA T RIE R T B T

discovered the significance and importance of keeping the carbon content of the

pcrmeable mass to be infiltrated atrelatively low levels. Preferably, the amount of free

15  carbon in the permeable mass is kept as jow 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-constiteent infiltrant composition has additional advantages
beyond the ability to produce composite bodies whose alloy component has zero or near-
zero volumetric change (swcl]ingor contraction) upon solidification.

25 _

For instance, and in another major aspect of the present invention, the alloymng 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



siliconinfiltrant wth one or nore different. elenental constituents can
substantially depress the nelting point of the infiltrant. Desirable
alloying elenents in this regard include alum num beryllium copper,
cobal t, irog? pﬁganese ni ckel, tin, zinc, silver and WD 01/07377 7

PCT/ US99/ 16449 o1'd. The | owered nelti ng or |iquidus tenpaiCaTuR®EigPer m t
the infi Itratlon to be conducted at |ower tenperatures. For exanple, when
the infiltrant conprises a silicon- alumnumalloy, it is possible to
infiltrate a porous nmass conprising sone7el enental carbon at a tenperature
in the range of about | 100 to about 1300 C. By way of 5 conparison, when
the infi ItranH consi sts essentially of silicon, the tenperature nust be
mai nt ai ned a8°14-ehstl 0‘36'6@@15%%051141‘41%5@%@19@%@1&8 infiltratioruto be412 C, and
often subst@RAbhad I .

sufficiently flui oﬁia%gﬁ EEEWDFtSO% ﬁ-‘g%’l‘ ?’ﬁé?{fﬂconseqhgﬁ%@é él Coln'
to operate aunispmrnallppripie p@ﬁsmlﬁetg mf'étrathepordum@e eoryprisireg soate eﬂdne:ntad)wer

t enper at ur es, ;Eﬁ bl at.ed at .the 10
boundari es ofarbtoﬁ(?itél r?|e éebﬁ%ésaﬁg%qr E%Jtﬁ 6&ﬁ§¥%'ﬁ§5§)qeh Vi %o use
expensi vé grcapmanmn, whdemkhe hﬁltmnpmslttsbhmqaﬂy Bﬁalhdoﬁ, tﬁa&&lpafhdué fusief i ne the
l'i quid infiIt nt rials, such a ose mass of ceramc
particul ate nay gdﬁtg P&?Hﬁ ﬁ‘ﬁ g’f"ﬁ?@*”‘t%ag%ﬁﬁ{?c@ PR rati ons at

| ower terrpersabmmlgamampmﬁtgqfom@mtﬁ@ﬂkmslsuméﬁ:huyheldpmaﬂw not to
mention savi % time and en ﬂ_‘%so(? Brief Description of the Draw ngs

Fi gures | A dREt PRHOEARt copgpgu fhEing able tngnerats At dapeer tompspatres 5d1ey . of an

arrangenent dicovery eiat &ltse ]Hﬁﬁdeﬁmﬁerﬂﬁﬂﬁ' Hﬁﬁnﬁlu%héd i %r&ﬁﬁ&ﬁl? rhfARAS he
" U chann%l ".in 20 accordance wth 4; Figure 2 is a photograph

of a sil¥%coboranesf thepgrmeahiemassy beéﬁr,umﬁgeaé eﬁbaymg t rusprexpepsivcigrephitei n
accordance whdlds tb%apPokahEperdable mass and to confine the liquid infiltrant, cheaper

materials such as a loose mass of ceramic particulate may be used. Thus, the ability to

abl e

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 2 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 Exampie 6.

25
Best Modes for Carryving Qut the Invention

According to the methods of the present invention, a permeabie mass containing
at least some carbon is infiltrated with a molten, muiti-constituent alloy comprising



Best Mbdes for f-amem Qut the Invention According to the nmethods of the
present invention, a perneable nass containing at |east sone carbon is
infiltrated with a nolten, multi-constituent alloy conprising WO 01107377 8
PCT/ US9911644909d7h4-con. At | east at sonme point during the ﬂc‘hds's;&z{f@}g' on, the
silicon conponent of the infiltrant alloy chemcally reacts wt | east
a portion of the carbon in the perneable mass to formsilicon carbide.

Al t hough possibly nodified somewhat conp%5|tionally, typically sone all oy
material remains in the infiltrated body,” and distributed throughout. 5 The
body thus formed containing in-situ silicon carbide and residual alloy is

therefore a sﬁfEHﬂf”Oﬁﬁ 1E£h§%91¥1e biht &uﬁﬂg%?Jﬁlﬂ#l@n?&ﬁ%lﬁéon‘h%nﬁﬁhén@@ﬂh@' loy is

insufficient to e I nt rstlce er neab at | east sonme

of the r es | dumltran! alexchemitally taagts with aﬂeasmiytlomf threcattondn Sepemmaably as

di screte, S u

supplied t o t gé %goﬁegadé(foté] cha%)i% %hhéug? %O%Z)g%gdl%d éﬁé“lhta{ &Q‘%qﬁ gB %%[ngos te
body is i nt eypicalip emhealloy‘ﬁnﬂertait eenis if thy sufittraced bodyc,(mqbdsmstep ltlroughgutone,

i Uhi n thd pdb a5 B8 coniEheiesiy iomse igh s R OTRIGT Bt ipkcucn ¢ ne

mass and an ‘caglpéafriebbdypody of the infiltrant material. Preferably though,
the constituents of the infiltrantmaterial are provided as an all oy,
possibly in ingot or other bulk form that is then brought into contact

with the perneabl g h@dstihParéunt bilicoh bidfyadinsuificientd fill tHedfersibds@f thal may be
pl aced into direct contact with the perneable 20 nass to be infiltrated, or

the infiltraRermeablemass, atlpdst samedf hedemupl parpactadyalloy g the BRAYTRJNRE he

per meabl §oMagimitielhs aaswe&k,kaﬂe&ﬁﬁﬂas QLR ROSEEks BeitRARL MbRHiMp to create
a pathway or conduit for the nolten infiltrant material to mgrate toward

and into t hesypliptieheparasaple massandihewrsidpahallan & be gorapasee Bedtisany materi al
that. is wet;Qy-dpkign infiltrant material, wth silicon carbide being
preferred.

The present invention encompasses placing one, several or ail of the constituents
15 ofthe 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
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 moiten 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 resuiting composite

30 body. For example, the non-silicon constituent(s) may give rise to an alloy having a



25 The present invention contenplates producing in-situ silicon carbide.
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include aluminum, copper, iron, nickel, cobalt and titanium. Particularly preferred are

15 aluminum and copper.

One such alloying element that has been identified as fulfilling all three desirable
attnibutes is aluminum. - The present-in’ven’tor,s 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
alummnum to produce a composite body bomprising silicon carbide plus residual alloy
having a composition of about 40 to 45 pei'cent by weight silicon, balance aluminum. In

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



I nventors have di scovered that when the residual infiltrant conponent of
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preform conprising silicon carbide particul ate and about oPETVYING % ever al
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abovc), particularly under vacunm. Thus, it becomes quite a challenge to house or

15 support 2 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 béing bonded to the infiltrated mass, necessitating costly
grinding or diamond machiniﬁg for its removal. Anofher 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.



in the over-infiltrated material being: bonded to the infiltrated nass,
necessitating costly grinding or dianmond nmachining for its renoval.

Anot her problemw th unnecessarily excessive infiltration tenperatures is
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than the silicon"conponent, with the undesirable result t P&aTAEIYI6449
constituent is readily volatilized out of the infiltrant alloy, changing
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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 ﬁresent invention, é.rcpresentative 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 SisNj, TiN and AIN; the borides such as SiB,, TiB,,
and AIB»; and oxides such as Al O3 and MgO. The form of the filler material may be
any that can be produced, for example, particulate, fiber, platelet, flake, hollow spheres,



VWiile it is certainly possible to infiltrate nmasses containing |arger
anounts of carbon, what is preferred in this invention is a perneabl e mass
containing |l ess than about 25 percent by wei ght carbon, and nore
preferably lyas&g-p8an about 10 percent. For many 20 of theerf)r oduct s

contenpl ated by the present invention, a representative sd<d&*YHHF which
are shown in sone of the Exanples, a particularly preferred range is about
1 percent to about 5 percent. The bal ance of the perneabl e nmass may
conprise one or nore materials that are 125 substantially inert under the
process conditions, e.g., "filler materials". Candidate filler materials

for use int r vention uld | ude .t he car es such_as Si C,
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filler rraterluzaetjl] ZE‘ $Rr;y t hat can duced, for exa particul at e,
fiber, platelstitranty Tisdisepyerygreally sund es GCE IPeratien m@@ﬂ’f@ﬂr&@ of
about 11000, f@ exp@iive gRphitfixSidg £@% bide particulate can be used to
support the perneable nass or preformto be infiltrated without itself

bei ng i nf Pl trated by the nolten infiltrant. This discovery greatly
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., Stlicon nlitride) can

oon” thel ¢ rpRidhate Rl (2 Al el dhouts 1 g slicep pEde) spmplosst ed
t enper at ur esthe® ifgrt,charétert or keQf¥filtrated by silicon at elevated temperatures (e.g., about 1500
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 resuits
in the over-infiltrated material béing bonded to the infiltrated mass, necessitating costly
grinding or diamond machining for its removal. Another problem with unnecessarily
excessive infiltration t’empératures is that the non-silicon constituent(s) may have a higher
20  vapor pressure than _the,si]ijcon.componcnt, with the undesirable result that such
constituent is readily"volati]ized cut 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 ﬁ'omr the standpoint of facilitating the reliability or robustness of infiltration.



C and above), particularly under vacuum Thus, it becones quite a chall enge
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necessitating costly grinding or dianmond nmachining for its renoval.
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r obust nes§ of infiltration. WO 01/07377 12 PCT/ US99/ 16449 etc. The filler
material bodies may range in size fromsubmcron to several mllineters,
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achi eved. Perneabl e masses conprising one or nore filler materials nmay

range appreci abl
g PP yPcrmcable masses comprising one or more filler materials may range appreciably

in terms of their packing or theoretical density. For example, 2 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 componcht, on'thc 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



in terms of their packing or theoretical density. For exanple, a perneable
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liquid infiltrant can be caused to infiltrate the first mass but not the supporting mass.

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 cérbide' isreliably 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 51hcon, the melting point or liquidus temperature is depressed, and the
processing tempcramrc sum]arly 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
materia] is that in situ#tions whcfe_impurities or contamination is an issue {e.g.,

25  semiconductor appﬁcaﬁons), the same source of silicon carbide can be used as 2 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.



setup whereby a first perneable mass to be infiltrated is supported by a
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which is to be infiltrated, and the |liquid infiltrant can be caused to
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of free carbon, however, silicon carbi df is reliably infiltrated by
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t hree-dinensionally interconnected in a reticul ated structure. Such a
structure magengitionspay bafuad Bhetsensuch analloygan Bhilrarshermap wnippEre e a resin
and the resi &nbﬁaéwbﬁ%ausmﬂoythemss@oxm dlidise pdrﬂcléssofrﬁgﬁﬁml)lg to support a
per neabl e mass conprising silicon carbid eg us el enmental carbon on a
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di scri mi hat i sugh bem@gnr “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 cxﬁ.mpie, boron nitride to the graphite boat or to the
preform surface in contact-thérewi_th 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



10 perneabl e masses containing free carbon in discrete versus

i nterconnected form conditions may be found whereby such. an. alloy can
infiltrate the mass containing the reticulated carbon, but not the mass
cont ai ni ng dicc@neie particles of free carbon. This result &@wm{]l cant
because |t di spenses with the need for graphite structures

nol ds or "boats" to directly support the infiltrant material or the preform
or perneable mass to be infiltrated. Not @nly are such large graphite
structures expensive, but also the silicon-containing infiltrant hasa
tendency to react with and bond to the graphite, malting separation and
recovery of thigsigtelihfilbrde® %cp&qye iflhfrhhGhdidrial. THBs SivaRidih te JAGRMRL tese
particular are frequently damaged or even destroyed. Additionall such 20
separ at i on ar@pphite giusnyesde ppreuseddn subsequen ifltration densagiher thap Hé"%%ﬁ’é& te
body, which Qﬁga:dgfasrsﬁf' gtl vely brittle wi thout the toughening effects of a
net al phase. e 1t possible to apply a protective coating of, for
exanpl e, boron nitride to the graphite boat or to the preformsurface in

contact therew th th%sg n%%%t}%rtmplom n}ier Oes Pxporlgﬁp%s &C(EfabEB@E end uses

for the fornmed g SUEh as “tof con uct or I cati ons, cannot
tolerate the.pzﬁeqnmpemholﬂiﬁcﬁﬁrrn fmnes mmaﬂmeaﬁthhnotber imipbrtao agrect dfitke bor on

nitride coatings are not ust |Itr nt barri ially at the

hi gher infil PFAt ’i‘%"e{“é?PpB?g’F ?ﬂ’”d‘f‘&é"ﬁ"ﬂ“’é‘ﬁ&ﬁ “"thr‘é‘g‘Eﬁi &ﬂJ the coating
al :jovvls t he ilﬁhﬂéﬁgdeaﬂtneifblﬁrﬁﬁl s&ihk@t:ep@ﬂsihmﬁamonm islpossidlatogqeotizea of L he
underlyi ng graphite ia us,. the pre inventian rmts the
graphite tra§8m5?51t°B ‘?56 r?féi“gs‘%@ ; g\”hﬂﬁ"ﬁ@@ﬁ?‘ﬁdp ﬁﬁf"é‘h@ﬂss whi ch
in turn 9YpPQhastantiNe, REIADARNE MRy dd 58Tl fickof Clue/ 38O proddctdbnigEsiicdno be

infiltrated and/or the infiltrant material. This advance in the art permts

these gr aphicabidscpmpesitedediepthaexiibi seither solidifisationpornsity APS SOlIAHICHSA r uns,

rather than hayjifid, F&etﬁ!%haﬁic&?@ét@%c&s scrap. 5 It has been noted that

silicon undergoes a net "vol une expansion of about 9 percent upon

solidification. Thus, in accordance with another inportant aspect of the

present. | nventi oneyPyerghhoy féfelbifaubyiol eRfet dr AuhifiRi6) dcihiabsh as a
15  sohdification shrink'ageof 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
obout 10 percent by weight silicon up to substantially 100 percent silicon. Accordingly,
the residual infiltrant compbnent' 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
ncgaﬁvc 2 or negative ! 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. ‘



undergoes a net vol une shrinkage upon solidification, it is possible to
produce a conposite body whose residual infiltrant material within the
conposite body undergoes 10 substantially no net vol ume change upon

sol i di fi cat maoinetdyas, the production of silicon carbide QHH%&&I bodies
that exhibit neither solidification porosity nor solldlflcatlon exud| ng of
net al phase can be realized. The particularly preferred alloying el enent of
alum num by itself exhibits a 15 SO|IdlfffaIIOn shrinkage. of sone 6.6
percent by volume. Under the preferred conditions of a vacuum environnment
and a silicon carbide perneable nmass containing interconnected free

carbon, infiltr at OPthe 6 IsikREt R WoBHi@EatieR F&Bszbfﬂmdy‘ YeltBéeSsef @hgbOWithom  about
10 percent b% ht silicon up to substantially 100 percent silicon.
oy
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100 percent silicon. Thus, the volunetric the residual
infiltrant nhstermlam tofresee indhe epinpogitettiodyicandn stxplicdvith medtemingilirannmastiale

vari abi [i§y f} Oug {he’&?%hgdv%nﬁ?&né@%ﬁ%ﬂhm% ifi 30 ﬁ%é’#ﬂn@)atl ¢ B g?os' tive 9

percent. ageous to re uce sol hrlnkage
say for exanmmoyadtoamgalphﬂahﬁdmedegam ve 1 percent, it is highly
desirabl e and highly advantageous to reduce 25 solidification swelling from
positive 9-percent to perhaps positive 7, positive 5 or positive 3

percent, or | ess Tlﬁ‘oppﬁmlb$mblém aomallp isangre requeaty sreomitered vheresdiodn

shri nkage/ swe d|f|c L zero chan best 01/ 07377
17 PCT/ US991P8 Lﬁ?@ st FhmosE: ot ‘? Hﬁ%i‘mé‘a‘ll’%f‘? i"illﬁﬁcb‘iﬁ”oé’?dc €y be the

| esser comcesdmpoVitd fodycheisgiild tHe ekﬂa/va@ndeﬁhaaaaanmmﬁ@smmﬁ hiueant
material or a reservoir of infiltrant supplying the mass to

i nfiltrat ed, 385 1B¢ MowA e pliead dhe pgd ]§°°B§H‘y15‘?nbf9%inéféﬁasldlml{l%°r | ast

region to frgadcor e blifacs HMROSdrhds Gﬁﬁ oh@n mngblbeﬂdem thétet@D I tHEN
infiltrant material 5 from outside the nes directiona

sol i di fi cat i Bsagee mpterial sy dayete bsmw%by ewﬁmwantlda%zesmw} teh this
desired resWghcomitant risk of damaging. the attached comiposite body. Also, it would be desirable

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'im_portant 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 opposite problemactually is nore frequently encountered where silicon
infiltrations are concerned: where the infiltrant expands upon
solidification, and the 10 conposite body cannot hold the extra vol une of
material . Tweogomposi te body thus exudes the (now) exces§C5 s&*ﬁiﬁnt' The
exuded silicon may nmanifest itself as droplets or beads on the surface of
the conposite body, and often strongly bonded thereto. This nui sance
material nmay have to be renoved by grindipng or grit blasting, with the
concomtant risk of damaging the attach conposite body. Also, it would be
desirabl e 15 to nothave to undertake this extra manufacturing step. An even
nore serious consequence of the solidification swelling of the silicon
constituent is possible swelling of the entire conposite structure, thereby
conplicating ef PN§¥t soupenymeasutes shout X hap qysns hysabosk §Q mmyhick wefes t he ri sk
that such sqlj difi Wele | 5t i i t he conposite
body, a ri S%HvﬂaglkB%%%@%%é%élg?@ﬁ%%}ﬁ%@egﬁ f’e?%gc %%%%ﬂojsgg}{gé'body i ncr eases.
Thus, the ability to reduce or even elimnate this solidification expansion

of the ilicon nst it uent of. infil.trangt terial by allaqyj t he
silicon \?\n th a mﬁ%?‘fegr&tﬁ?ﬁp&%&gﬁﬁ@n %TL%Ju;I)agenansdo el%olr?ls’gg?ix' nejfée%drg nts an
i nport ant adiwalie end pladeti éntb b edrdrodibd simosphere-furtadet & ai Aehosghereodiflod/inpat eri al s.
Not only may such. osi.t e bodi es_be nade npre dinensi?qgll Qﬂaii;curate in
the as-infi I'PPEFE TSR0, G PrefRsy s ReA st e SR 4TG0 2 ‘}“éé Py an
extra processe sf spui UEpEbOu e MdihRahifd thiseeBperAGei fbi 4bdal 1 Nourd, &leger
bodi es WO 01/07377 19 PCTI US99/ 16449 Next, coupons neasuring about 51 mm
squar e by al5BEsYHy g suR campletsly gyplyzes o carbgn, —ﬁh%l%“éxtaé%?ndd?se under

an appl ijed RbR&ss WeretboRd M raes Mt 260 d P& HBinef el c6AIRHasH ABsthkiRIp C
particul ate and the corn syrup was ejected from_ the die and glaced into a

control | ed & #BIFHFBPEINGSEE Prefosm pyas secavrseshizoma theriumpegandgalculgieder ci al | y

pure ni tr ogehsed HRnRuS! RhSWASEAERE o Baving SITABAGHIY [BaRf ofRQME 6800 C at a
rate of about 100 C per hour. After maintaining this tenperature for about
2 hours, th@ercentoftheoretical. 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 izxﬁ]ti‘aﬁon process was prepared. Specifically, the
interior surfaces of a2 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 siurry 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-prcform 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.



corn syrup had been substantially conpletely pyrolyzed to carbon. The
furnace and its 10 contents were cooled at a rate of about 200 C per hour.
After cooling back substantially to anmbient tenperature, the preformwas
recovered frogeihs.Af urnace and cal cul ated (based upon bulk densit
measurenents) as having a volumetric |oading of about 61 PerEepe44?
theoretical. Carbon analysis via oxidation, perforned on a simlar sanple,
showed the presence of about 2.5 percent by weight of free carbon in the
preform 15 Next, a lay-up to confine th@Zinfiltration process was
prepared. Specifically, the interior surfaces of a Gade. ATJ graphite

about 375 nm B CABTL I RER 5 SOt DI NSTE HRBE S Re SCRRESBRFTR a bor on

nitride slurrateprovidad iTadlela rate or thickness of about 3.1 ng per 20
square centineter. The boron nitride paint was prepared by m xing four
parts by weight of LUBRI COAT boron nitride paste (ZYP Coatings, Oak R dge,
TN) with three parts water and spray cosd ng using a Mdel 95 Bi nks spray
gun. The 46 gram preformwas placed into the coated graphite boat. About 23
granms 25 %f silicon in | unp form (El kem Metals Co., Pittsburgh, PA) and
conprising b Lght about 0.5 perce Fe (max) an al a iy was

pl aced on toigp%?dghe preform The togﬁof t he boat dsﬁaids;_fccfgveré@%’%‘pvﬁét]‘ah a

| oose-fitting (non-hernetic) BN coated graphite Iid. WD 01/07377 22
PCT/ US99/ 16449, tgﬁtt({,ﬂ_t% n, thegjesulting SiC corrp,g_lﬁj_%e bod'h%'s,_ re
p a

characterized. Selecte operties are provided in le I. Table I 5 10
15 Proper | y Td3anSianiglos) ASanpl e B Water Immersion 2.97 3.01
10 Young's Modulus (GPa) Ultrasonic Pulse Echo 347 302
Poisson’s Ratio Ultrasonic Pulse Echo 0.18 0.20
Flexural Strength (MPa) Four-Point Bend- 272+/-13 3.05+/-1 0
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. Spectifically, 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



Si C content (vol. 9% Q A73+1-376+1-2 Density (g/cc)Water | mersion2.973.01
Young's Modul us (GPa) Ul trasoni c Pul se Echo347302 Poi sson's RatioU trasonic
Pul se EchoO. 180. 20 Fl exural Strength :(MPa) Four-Poi nt Bend272+/-13305+/ - 10
Fracture TowghoeidsdBa- nl' ) Chevron Notch3.7+/-0.37.0+1-0.5 CTE, 20-100 C
(ppm K) TMA2. 94. 8 Thermal Conduct. (W m K)Photo Fl ash180218PS(UM31E49 Thi s
exanpl e denonstrates the fabrication of a silicon carbide conposite "U 20
channel " featuring a nulti-constituent infiltrant phase. Preforns were
prepared by a sedimentation casting procéds. Specifically, about 25 parts
of liquid were added to 100 parts of CRYSTOLON bl ocky (regular), green

silicon carbi i.n/ Norton lndustrial ram cs, Worchester, MA) and
5 to 12 25 bt RORS RAIE, ABPpL BTNy i F e B i SR

Manuf act ur i ngnitiai tp skipend atty,settled particulagke a slurry. The silicon carbide
particul ate consisted of about 70 parts by weight of Gade F 240 (nedian
particle size of about 44 mcrons) and the balance G ade F 500 (nedian

particle size of A@hﬂhitl%ﬁﬁ&ﬂ?&)zas pldded &b b braiod tdvldl U Hibb¥ahEldag¥legd to a

plastic jar and roll m xe or about 40 hours. The slurry was de-aired in

about 7607 i GVt edsredshon: by rasyy viegied 3ith acuirtaub ponaiseeg o2 Wi nut es.
About 15 M Nileft Perkédk adikosdeliBf of IEAiShWYshitg W@t@rgEﬁ'(Fx%l:{or d()_fﬁ'gblE,O suspend

any settled particulates. A graphite support plate was placed onto a
vi brati on t apincinnati, Qi) ckherwsittad ribbermapld Wasthemplated opfo thégrapleitsiplatelahape to

be cast was & ] f L 8100y ' er cent
aqueous sol umnég?womis%ﬁ%ﬁg%%@ %gﬁ@( ré?:tt?ogr a\régdh%gﬁ%eigé,
Cncinnati, OH. The wetted rubber nold was then placed onto the graphite
plate amiiO 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 g{aphite plate

and the castings in the rubber mold thereon were 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 ﬁrmg The graﬁhitc tray and preform were then placed
into a nitrogen atmosphere furnace at ambient temperature. The furnace was energized
and programmed to heat to a tcmperatﬁrc 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 fumace and stored until the infiltration step. This firing
operation pyrolyzes the fructose, yiélding 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



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 casti ng was
blotted up wadiwassponge. The graphite plate and the casty obqkadone
rubber nold thereon were transferred fromthe vibration tab to a freezer
mai ntai ned at a tenperature of about -15 C. The casting was thoroughl y
frozen in 6 hours tine. 15 Fromthe fre? the frozen casting: was
denol ded and placed onto a graphite setter tray for drying and bi sque
firing. The graphite tray and preformwere then placed into a nitrogen
at nospher e f yfefierateonkisairbi £t bhse AREHal il allsieatle o RAE &m«m agd@rrigheed and
programmed to heat, to a tenperature_of about 40 C over period of about

one-hal f 20 ﬁ%&l?sw%wmﬂcm&%ebaffoaﬁwhesc@qla’all%%aeactah%rlgmmﬂawheat to
a tenperatur gepfi p @hﬂﬁtwéﬁm&h@vefaﬁcﬂaﬁgm@gngﬁ aftPARdsured A0S 89 nirP1dAg! d at

about 650 C for about 2 hours coo down to about anbi ent

t enper at ur e By abouh 1 heyg wiledy 3%6@@16@%r%“ﬂﬂsh%ﬁlﬁﬁ@§1u®sfhcﬂ@@refmf or m was
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firing operation pyrolyzes t ructose, yle ng avve preform
contai ning apeforn? to 3 25 percent by wei ght carbon. The above-nmentioned
steps were enployed to produce a"beant preformand a "U channel" preform
The U-channel preform had a nmass of about 182 g and had overal |l di nensions
of about 76 nmm | oAgdaysyp fulbp Oifiltraidn was thesiprepyredabout 38 nm hi gh. This WO

0] 107377 24 PCT/ US99/ 3 6449 preform consisted of a flat base and two fl at
wal I's parallel to one another and at right angles with respect to the
base. Theobase anHeféiingso p\i@tues €4ehd EDATRYSTDION blvicky greEh@mcbxeamm ef orm was

in the shape of. an uI ar |sm and asured about 89 ng by about
11 mm wi de bMﬁ@?}F ?gh m‘ilﬁﬁzﬁ ?‘?"c‘?]aqd‘l"‘ifﬁonst(ﬁf"ée ngtpref orm5
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t he channe

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
contaét with the beam. More specifically, the U-channel preform was cemented to one
end of the beam preform witha slurry compﬁéing by weight about 67 percent

20 CRYSTOLON regular green: sﬂlcon carbide particulate (Grade F 500, St. Gobain/Norton
Industrial Ceraxmcs) havmg a medla.n 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 substantiaily pure aluminum and having a total mass of about 62



preform A lay-up for infiltration was then prepared. 10 Referring to
Figures I A and 1B, CRYSTOLON bl ocky, green silicon carbide particulate 11
having a nedi an particle size of about 216 microns (Grade F 90, St.

Gobai n/ Nor t gyp fadspst ri al Ceram cs, Wbrchester, MA) was poured into a
graphite tray 13 measuring about 400 nm square by about SRFTHHIMPHE4MEI ght .
This silicon carbide particulate bedding material was arranged wthin the
graphite tray so as to be slightly 15 higher in elevation out towards the
wal | of the tray than towards the center df the tray. The U-channel preform
(and specifically the base portion thereof) was placed into contact with

t he beam Mor, b b LA r . . o one end
of the beam gﬁxée?%ﬁ%n%kfﬁgﬁ %?ﬂ%@ect%%gﬂg%&bﬁg %P}gﬁgﬁggﬁgg H%sgnﬁﬁer cent 20
CRYSTOLON r e§mideF Y S€pagichiatsovas eaanged & g I9camdunt ehe piead infir &) thateBhl

Gobai n/ Norto Steh i ¢s).havi.n ian rticle.size of about
13 microns, g?\éﬁ%" pa g#}hgé%{egg}c:%zméago c&aﬁ%%ig@ﬁ&%?ycﬂ%dﬁ@?ﬁn%ter
and KRYSTAR 3@ thenpléaed ént¢ Aldrger StaphieycontuingtifeR( b4 heding a nb@! | owi ng t he
pyrolysis.cyele to.carhbonize the fructose, the bonded preforns were placed
onto the iCﬁ%’:[’f@alsﬁaﬁ'@g%mt%bd'Fpﬁfegyic%rf‘plﬁ”cgﬁh"c]ﬁ%‘“ﬁ- channel 25 preform 12
at the higher elevation, and the opposite end of the beam preform 15

ext endi ng down towards the | ower elevations. A nunber of fragments 17 of an

infiltrant materi 21 25HP™eEPlAcFdigte depgmm famacn: Toeheatiag cbambes™es con, bal ance

subst anti al | yaout@ 18la\piesutebabe 10644iRnavilol AbchiRss r&i%hﬂ:%%% 63p¥0 01107377
25 PCTIUS99/ 16449 g were arranged at the toot of the bea prgform at the
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5 hernetically sealin raphite lid, thereby conpleting the |ay-up.
th%:/n cooled to %bogut4 °C in about 6 hours. y P J y=Hp
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Following this heating schedule, the boat and its contents was recovered from the
15 vacuum furnace. The s_iIicoh—aIuminum alloy had melted, infiltrated through the beam
preform and into the U-channe} preform to form a dense, silicon carbide composite body.
Although thc-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 excessalloy (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 shurry as was described in Example 4.



The | ay-up was placed into a vacuum furnace. The heating chanber was
evacuated to a pressure below 100 mllitorr with a nmechani cal roughing
punp. The chanber and its contents were then heated froma tenperature of
about 40C twoaosy7 10 1100C over a period of about 5 hour g~ hhen . gld at
about 1100C for about 1 hour, then heated to about 1270C i n about "1 hour,
then held *at about 1270C for about 4 hours, then cooled to about 40C in
about 6 hours. Following this heating sczedule,. the boat and its contents
was recovered fromthe 15 vacuum furnace. The silicon-alum num alloy had
melted, infiltrated through the beam preformand into the U channel preform
to forma deRswisy dei@itation Bistey £ATRESE, thePPShyrm hNdshar@lhddie abeam was
bonded to the U—chaqgeL aqg &ad to be renoved by cutti&gﬁmﬁth a dianond
saw, the. i nEMPEAG fifbaHt 1aP¢oyith agagefillyropirelicd bRAMEIP AP teRBHRRE P ed.
Speci fi cal | yavoid i&ikehgWBSpdtR dubioithd pdrtial Yol eSsivB Vafdh CagdR bliefatioal ghdeddi ng
material, nor was_ there exuding 20 of excess alloy (as droplets or

ot herwi se) frreiorm halvesverg then a@gnqqﬂay thermally pgacesseinamawrossn anesphdre 5 Thi s

exanpl e n, t&?&ﬁ . LG Ll h LA C ' ite air 25
beari ng ﬁpp@rﬁ% ra%g%gcg?%%hgﬁgﬁeqngfﬁgdg%%?ﬁ %ﬁﬁg{ﬁ Pglfe%‘llgl?’ﬁr:b 2’% phase. This
exanpl e al soretéose hxderto earbom eTHepbefoxmmstcowld theh ba greeh atachieédy | ar ge conposite
body. An air bearing support frame preformwas fabricated in two

| ongi tudi nal sections wusing substantially the sanme sedi nent. casting
slurry as was desftfiertegréen niachining@pdratioh(hd SéofidiaksAivere 6eréntdd ISP et GAH A

Fol | owi ng sedi nent ation, casti and, freezi preform halves were dried
to a tenper® Wrcé)m(wmgﬁgt‘ﬁ?ve%g%ou 'twmcé:#gﬂéﬁéNéﬁﬂ'W&Fqcﬁdmﬁ%ti ng up to
this tenper adatbide gagticutie)(GladeFos00] sg@rﬁbW&?drsm&#&?ﬂ Qleiah@cspﬁi\ﬁﬁﬁd al for
excessive wat ej, vapor generation. The preform halves were then

addi ti onal | y"%% ql@%@é@%iﬁﬂw%ss HdthoRplance bripg shout eausl woigt antial |y

i N accor danciachbdsidf Wakr RREXRYITAR D00 chednihe sriiaRACE. 'shidyMBrREg t he

fructose binder to carbon. The prefornms could then be green machi ned.
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 bon'ded.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 prefoﬁn 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 poufc_d.into a graphite tray measuring about 750

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 substantiaily
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.



After the green machi ning operation, the sections were cenented together
with a slurry conprising by weight about 67 percent CRYSTOLON regul ar
green silicon 10 carbide particulate (Grade F 500, St. Gobai n/ Norton

I ndustrial @ay@mh®s) having a nedian particle size of about 13 mcrons,
and the bal ance bei ng about equal weight fractions of wat&"ERYIMRYSTAR
300 crystalline fructose (A E. Staley Manufacturing Co.). This slurry was
roll mxed for about 4 hours, then de-ai@ed. The mating surfaces of the
preformwere spray coated with KRYLON | at’quer (Borden, Inc., Colunbus, OH)
to 15 retard the water absorption sonewhat during the gluing operation. The
slurry was applied to one of the. surfaces and the hal ves of the.preform
wer e brought together under |ight pressure. The bonded preformwas then
put back into theThisg-up yhich mseswredtabow §6@mut lorg by alwnbd2 inm wide by ahiout

regi on. Fol | gy - Of ggg'!“' gpg reen hi.ni_n at the bond
line, the ai ?%@g]rl?%%gegg%H%a%ngprOM na eé %ﬁntgﬁ-g}agaﬁmg?ss% out 511 mm 20
| ong by aboutut@gnimiiywhekanieymanberus thaOfonBxdnpidiegdeps thantle teapemnnasas of about
2145 g. Al ay-up.was. nex red. eci.fi cal YSTOLON regul ar, green
silicon tar B’l“ﬂ‘é“"‘l\%ﬁ %:oﬁi @ﬁ%%'@ %,m%"ta&g‘%?&%mﬁt on Industri al
Ceram cs) having a nedian particle size of about 216 m crons was poured
into a graphite t nmeasuri,ng about 790 25 nlo by about., 230 mm wi de
by about 50 nm eI ek B YR _@“ﬁ@%ﬁﬁ'ﬂﬁ&gﬂa‘t’@ﬁ%ﬂ?ﬂme air
bearing pref pioBesyiig, iPwaddeerod thithd d( infliratPhRArhdted, MWdlacR3Obet M an

infiltrant all gy comprising by wei 8ht__about .68 percent _silicon, balance
subst ant i al | {ato) fsystlicon Gabidls RadHsulate Perding materiabipto comtachyvish Hie@l beftAg was t hen

pl aced i pgo o081 ha SrFMpddBthy By j : z ' .seal i ng
graphite Ii dﬁrteq conpl gt e thet | ayﬁ‘ﬁg’%mli%?g’%@e’g%‘{}%%@‘ 9/%%’249 Thi s
l'ay-up, whi chrapaaswped famsyWigstherrivasarhgdhof radunl alfoonstenialipgededyo tibout 240
mm hi gh, was,i H&Rn x [ sed in
Subst ant i a1 T PO ABEal G MR DL JIAREs Ml K0Tt o BRETS

t enper at ur e Wéscts! the priginal peeform susfbenst witlorpOgfiltrent medserial eduding frem ponst ead of

about 4 hour Gherwise 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 ttie 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 onc 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.



Amer renoving the lay-up fromthe vacuum furnace follow ng thernal
| processing, it was observed that the alloy infiltrant had nelted, flowed

across (but not into) the silicon carbide particul ate beddi ng nmateri al

i nto contacigifpathe air bearing 10 preform and had infiltrated the
preformto produce a silicon carbide conposite air beari RGTSFBBYH frane.
Wil e there was a body of residual alloy nmaterial bonded to the air
bearing at the initial contact point, the ot her surfaces of the support
frame accurately reflected the original 28preform surfaces, with no
infiltrant material exuding fromor otherw se accunulating on a surface.
15 Exanple 6 An air bearing support franme neasuring. About 120 nun square
and about 19 mMm in height was fabricated substantially along the |lines
descri bed i n (ompapitize Bxanpiept t hat 20 bonding of the two pieces was not
carried out until after each piece had been infiltrated wth
silicon-alumnumalloy: to forma reaction bonded silicon carbide conposite
part. Fi gure 2 sThematekisls afd Rcltffipt 66ExahpRedvRE Sbetafially Pépehto®, dxtept he
as-infiltrat %gaéadg 25 Exanples 4 through 6 thus dermnstrate that a
shaped siFic H‘é B1%50 SYBIP aﬁ%P’EeSS“E\PéHCfB% theReREEbe M sPEstedeonet ry,

can be producel dfy 16d3€ masTaM silfcBR Edrbie arhaj‘mtést wlle%smlawmmehh the
final conposite body accurateIﬂ{]EBS epli ca{jl ng the shape and surfaces of the

starting prefBd FAVERRD licorparbide prtcilsie melirfiltatoepeeyrsdo/ 16449 The
materials and techni ques of Exanple 2 were substantially repeated, except
5 that instead of adding corn syrup and pressing a preform the perrreabl e
mass consi st &@mpatafivepExampledse mass of the silicon carbide particul ates.
Wil e thgoSi -50A1 alloy nelted and covered the surface of the silicon
car bi de parti culate, no infiltration occurred.

Example 2 was substantially repeated, except that instead of adding about 15

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., 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



Conparative Exanple 2 10 Exanple 2 was substantially repeated, except that

i nstead of addi ng about 15 percent by weight of corn syrup to the silicon
carbide particulate filler naterial, about 1 percent by weight of ELVAC TE
acrylic resiwpqahssDuPont Co., Wl nington, DE) was added.pcAiQidbedsy 1
percent of the resin was renoved during the preformheating stéep 15 prior
to the infiltration step. Again, no infiltration occurred. Conparative
Exanpl e 3 Exanple 2 was substantially reg ated, except that instead of
addi ng 15 percent by 20 weight of corn @rup to the silicon carbide
particul ate and pressing a preform about 3 percent by weight of G ade KS-6
graphite powder (Loma, Inc., Fairlawn, NJ) was mxed into the
particulates. Wile infiltration m ght have resulted at higher

t enper at ur es ,Comparatiné Exampde 4 on of Si-50A1 alloy into a | oose mass of this
adm xture occurred at the present operating tenperature of about 1150C. 25
WO 01/07377 29 Conparative Exanple 4 PCT/US99/ 16449 Exanple | was

substanti al |y repE&aimaple 1 aas eybstatniidly repested asicepf that ivdiead wfe Saamw r onment, an

at nosphere of commerci al | ure,. f1 ow ng argo as .
LT Erat Son eBRCHPRE = et senRYihy B4 Ty R wdBF kS N i a1y

repeat ed, exgeffratidadiccirfedt ead of a vacuum environnment, an atnosphere of
comercially pure, flow ng argon gas was used. Sonme regions of the preform
were not infiltrated with alloy nmaterial. Mreover, those regions that

were infiltrgoghamBiE€ERMMIS and non-uniform 15 Industrial Applicability

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 compositicns 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 packagcs and substrates, machine tool bridges and bases,

mirror substrates, mirror stages and flat panel display setters.



—

The net hods and conpositions of the present invention find utility in
applications requiring high specific stiffriess, |ow thermal expansion
coefficient, high hardness, high thermal conductivity and/or high wear
resistance.“&fﬁﬁﬁg;ngly, the silicon carbide 20 conposite materials of the
present invention dre of interest in the preci si on equi pndiT/USI/Hdén i cs,
tooling, arnor, electronic packagi ng and thermal managenent, and

sem conductor fabrication industries, anong others. The present silicon
carbide conposite materials are candidai® 'materials for wear critica
conponents. Specific articles of manufacture contenpl ated by the present

i nvention include,sem conductor 2 f er.. handl i ng devi ces, vacuum chucks,
el ectrostatic chuéﬂé{gsﬁq ?r‘]fd%‘@ﬂ‘fr?’ﬁlﬁﬁl’%@@ lyappreciale thal xarous NS BRY [ oni ¢
packages andbenhasd foakdsreseliBiftantien waNdut BEpadRg Srodtle RBHESS the BlafmisOlis
substrates, naéfﬁr stages and flat panel display setters. WD 01/07377 30
PCTI US9913 64eReARemsty  san of ordinary skill wiil readily appreciate that
various nodifications may be nade to the present invention w thout
departing fromthe scope of the clains, as defined herein. -31 Wiat is
claimed is: 1. An article of manufacture selected fromthe group consisting
of an air bearing support frame, a mrror substrate, a mrror stage, a
sem conductor wafer chuck, a machine tool bridge, a machine tool base and
a flat panel display setter, said article conprising: a conposite nateri al
conprising a silicon carbide conponent and a netal conponent distributed

t hroughout said silicon carbide, said netal conponent conprising at |east
about 40 percent by weight of silicon and at |east 10 percent by volune of
at | east one netal selected fromthe group consisting of alum num zinc and
copper .



2. The article of claim1l, wherein said at |least one filler material
conprises sic. 3. The article of claim1, wherein said at |east one filler
material has a norphol ogy sel ected fromthe group consisting of

particul ates, fibers, platelets, flakes, and reticulated structures. 4.
The article of claim1, wherein saig;conposite material conprises by

vol ume from about 10 percent to about 90 percent of said filler. 5. The
articleof clgi.ml,. wherein said alloy is characterized by a volume change
upon sol'l @S CaMESof bet ween about negative 5 percent and about positive
7 percent. 6. The article of claim5, wherein said volune change upon

sol 1 dificati QUA;ﬁmi@l%to‘ﬁ’ﬁf‘aﬂuPaQRﬁ%sé?&ﬂ&ffré{rﬁﬂ?e%‘gﬁg@&isis@iﬁ oP@fhi ve 4 percent.

7. An article of manufacture selected fromt roup consisting of an
el ect r obtaringaukpart frame, amirdreubstoaté, a sines stage,a segaéahductor wherconpri si ng: a

conposite nmateri onpr.i,sing a.matrix co nent conpri,sing sili.con carbide
oo itk B Bine oo Brie Atn iR ol bSO NG Tacrenehr b e stde. cal d
nmet al Cﬁﬂkmoprfsﬂ{g:)ri sing at |east about 40 percent by weight of silicon

and at |east 10 percent by volune of at |east one netal selected fromthe
group consi saicagpositeamataiialaemprisinga slicpncepypds conapratent andeasetabbout 59

percent by vol f at.least oneg filler . material  .distributed throughout
sai d naf?li}/lg(.m Eggﬁgouéeﬁ%qugﬁ%qt Sﬁ@r‘?ﬂfcggtc b@ofm%mcfnpﬁﬂe ein said silicon
car bi de compasing heleadt abait40detdeni by GeighiGREIiRE and at [EA& 18rder@hebpf

manuf acture of claim11, wherein said silicon carbide is made, by a reactive
i nfiltrapiuse qfiebleastone metalsglecigd diom the groupgonsiséng plalyminumyiziciandwher ei n
said re b gl infiltrant conponent conprises by weight at |east 40 percent
of said I'con.

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 composite material comprises by

volume from about 10 percent to about 90 percent of said filler.

5. 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.

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

between about negative 2 percent and positive 4 percent.



7. An article of manufacture selected from the group consisting of an

electronic package and an electronic substrate, said article comprising:

a composite material comprising

a matrix component comprising silicon carbide and a metal component
distributed throughout said silicon carbide, said metal component comprising
at least about 40 percent by weight of silicon and at least 10 percent by
volume of at least one metal selected from the group consisting of aluminum,
zinc and copper; and

at least about 59 percent by volume of at least one filler material

distributed throughout said matrix.

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

least partially interconnected.

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

by a reactive infiltration process.

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

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




