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5 This invention relates to parts of an int er nal conbustion engi ne or
the like and,gqenifgss Particularly, to apparatus for ductingchiSesifaust

em ssi ons of an I nt ernal conbustion engine conprising; a plurality of
header pi pes connected to and receiving exhaust gases fromthe plurality
of the exhaust ports of the engine; and an outl et t herefrom connected to

an exhaust pipe. Mre specifically, the invention relates to a 10 breakage
resistant, high tenperature resistant, corrosion resistant, |ow heat
rejection, o struct vigih dodig, E8kd] %r%fﬁﬁl&d@éfaﬁcmﬁdte exhaust
mani fold for interna conbustion engi ne applicatlons
BACKGROUND OF THE | NVENTI ON 15 For many years, the exhaust systens of
i nt erhal conbustion engi nes have remai ned substantially unchanged. There
is a nmetal exhaust manifold, typically cast iron or steel, or tubular
steel, that collects the exhaust gasr m'tte;j fromthe exhaust ports of
t he engine and outputs theminto a s%ﬁﬁ CALLBIELP pi pe. Typically, a
~nuffler, gand/ or g ;ﬁ,&gwﬁ bﬁléﬁs%"bﬁfstEfaﬁ‘ﬁ’lr‘tbﬁ?al'c%n%@%ﬁ%g:ﬁb b+ﬂ¢em Bnd,
the exhaust pi pe to reduce nol se and utants associated wth engi ne
operati on. nmr?.ypar@aulaﬂv; dae appar@imdgt dtmtmgotr@a cxbayst emissione Mfcardnternal
simplifi ed
arer o pratbiseh SheteCeombHifhG; piriraItZBEhBadck AiBEs Pahiceta 1d dnd ELing
exhaust poekhadstoga&ebdvuh the plurality ehgnmexhadxsxopms of thengngifbe and cangeatlet

t indj | head outl et pipe 16 which
[ cads andl TRSrEBARLEUTPCRED (th B RARHSE FpR MATR RBECIEHtN B3R ianths) eigtds go o

good (myy mawagstrésiﬁah@nmgw@émﬁaraﬂﬁé rédigtdint, ScdrFaXien PéYistait, A¥R/ ddt reiaatuaﬁ
performance, the curves of the pes, the int'eri or snoot hness, and t

li ke, are PHuctal fiber G@ﬁ@'&éﬂeﬁewiﬁé@?@{ﬁ%l"g"’tﬂ?&ﬂéoﬁ’m%@é Haifeldr ﬁfPfa'r"éS‘B""Ell
sonmewhat %gﬁ.t?@g{m,t,gnbm appiRativne! the present invention but will not

be addresse rein 1h favor of sinplified draw ngs whi ch clearly point
out the true novelty in a manner easily understood by those of

BACKGROUND OF THE INVENTION
15 For many years, the exhaust systems of internal combustion engines have

remained substantially unchanged. There is a metal exhaust manifold, typically cast iron

or steel, or tubular steel, that collects the exhaust gases emitted from the exhaust ports

of the engine and outputs them into a single exhaust pipe. Typically, a muffier, and/or

a catalytic converter device is disposed in-line with the exhaust pipe to reduce noise and

20 pollutants associated with engine operation. A typical prior art exhaust manifold design
is depicted in simplified form in Figure 1 where it is generally indicated as 10. There are

a plurality of flanges 12 which are bolted or clamped over the exhaust ports (not shown)

of the engine (also not shown). The flanges connect individual header pipes 14 to a
common outlet pipe 16 which leads and is connected to the exhaust system (not.shown)

25 at 18. Since good (minimal restriction) exhaust gas flow is important in overall engine
performance, the curves of the pipes, the interior smoothness, and the like, are factors

. ‘considered by designers thereof. Such factors are somewhat relevant to the novelty of
the present invention but will not be addressed herein in favor of simplified drawings
which clearly point out the true novelty in a manner easily understood By those of
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PCT/ US96/ 11794 ordinary skill in the art. Most early and

present prior art exhaust manifolds were totally of netal as i ndi cat ed
in Figure 2. Commercial manifolds were/are generally of cast iron or cast

st eel whi b palty manifolds for high performance engidiassegidod he

li ke were/are of welded 5 steel or stainless steel pipe so as to provide a
"tuned" exhaust as known to those skilled in the art. Engi ne designers
continue to have difficulties with current exhaust manifol ds of et al
design in two distinct arenas. First, during heavy | oad engi ne operation
exhaust gases can be in excess of 1400[err]F while the engine bl ock that
it is mechanically connected to is held to a maxi num of 300[err]F by the

wat er coobjidigary\skileim thefars, cast iron 10 exhaust manifold is allowed to get

too hot, the nifold can, warp or even crack due t t he e | oads
i ntroduced i nt °IF1E ep \Srﬁqqu?r?%'ﬁeprb‘}/rf PRt t :#?P'i'gﬂalﬁjweréxmﬂgﬂ g Bewhedsn

the two E}?di'ﬁ&m #.gu@znesmrem trﬁan.flsmssmefe/a’éegeh@rawy%ffvaahﬁbn or cast steel

t enperature mani fold wants to thermally grow to-a nmuch |arger size
than the whirsppealty mﬁféﬂﬁ &r high pgriopancaengings ﬁﬂélth'@llke wer@{aream wielded

al 1 ows p;&%e%m?&m&% Sidel esarggfa'ag t8§%ﬂ8 %%W?ﬂh%@f as lIﬁBv%? 't e Skitfed

typi cal requires re enova repair
mani f ol d. infthielartidingine desmnmstcmtmbltohauandlfﬂcu!uleswitn bumentéxhaustimanifolds

Gur ront + BERREA Go51ER APl disu R s Enae et ahorhe S iogt stipd bb &P enyaust,

rmc]tmf ~ hyg e&wf caﬁstie i axckss 071400 °F Wehild) the engiree bidoknthat! iéyslmwmamcany
coefficient of t ansl on ron 0 reguce

overal | ¢ BRpaRcedfi adrelfte BRARLM ar A00SF BV theiyyater Spelih AURteme Magest iron
rej ect @@ BREustondriiIPisllowed th gefE3dhot) thd hioRd caH wafp BPEUBMErack duteto

exhaust manifold into sections that sli de insi de one another so as to

provi de t Hee largeipads itipduced intadt femthe jarge diffesances e tRamal Areansiombeiyyeen
mani f ol dsydq Vﬁfecnhﬁfaaw Gonnekfik pahst Mg @ '&hé RVRS KighEr tJthel%%%”dThe

maj or arena of difficulty for engine designers cones prinari

mari ne i ntasifold weptscto thegmally arowito gunuehriatger aimtprethmwhmca connection
al | ovabl +& ileNBIGCRAAM | ATRRY. I Hafibid BRiof Irdt) bRtaust Olfdbs TtPEHE g

for I n-board marine applications. Thi's typica y req st e use
wat er d&okcechpartmantt This ognuniensedypically cérjuines replacemeot af,nyrecwvat and nepair

The mai n okl S{Qr\%ﬁg %g&;gi}gwtm ™ot a well known problem, those skilled in the art of

PCT / US96/ ehgieé design will agree that it is a continuing dilemma.

Current technology approaches to alleviating the problem are to utilizes a much

higher cost stainless steel, which has a substantially lower coefficient of thermal

20 expansion than cast iron, or to reduce the overall temperature of the exhaust manifold
by increasing the heat rejected back to the block at the mounting flanges, or to segment

the exhaust manifold into sections that slide inside one another so as to provide the
manifold with the ability to gro&v. The segmented exhaust manifolds, however, tend to
leak at the joints over time. The second major arena of difficulty for engine designers

25 comes primarily in the marine industry. Here, reguiatory requirements dictate maximum
aliowable engine compartment temperatures and engine "touch” temperatures for
in-board marine applications. This typically requires the use of water cooled exhaust
manifolds to achieve the regulatory constraints. The main problem associated with this

2



approach is corrosion of the nmetal manifold. As a result, water-cool ed cast
i ron mani f ol ds must be replaced nmuch nore often than desirable; or, the
mani f ol ds nust be manuf actured of a nmuch nore costly stainless steel

mat eri al . More recently, for use with engi nes having higher
operating tenperatures, the 5 addition of a ceramc |iner own in
Figure 3, h ?ﬂggﬂgsuggested. For this, the prior art gﬁé@%@?@”%ﬂly t he
use of a nonolithic ceramiec material. See, for exanple, the 1995 pat ent
of Ford Mdtor Conpany to Hartsock (5,404,721). Wherefore, it is
the object of the present invention to provide such an exhaust mani f ol d
made entirely of a structural fiber reinforced ceramc matri x conposite
(FRCMC) 10 material. QO her objects and benefits of this invention
w1 DecailioBERIuBNosdrdR thifnetal MBARGIPAL 8ediH, WlltbRLoAILA cBSY iRdWREhRIMLN "
read in conjunction wth the draw ng 71 gures whi ch acconpany 1t. 15

Dl SCLOSURBSOeT HeplesRgNTIUCN more often Tthanf degigabiiey orbjthet manifeldsh saust be

achi eved_i n S i Lnte nmbusti on engi ne havi ng
a plural Wu%ﬁégg’gré B{I%E‘s't‘? Egﬁé%%%%érggéesdé{%l g‘r%ar?ag'cei Vi ng exhaust

gaz es from rel?pm:técleatlvnesrbuﬁe avith ungi;u'as haofngehighess bperating wfmiénetue@gwinm _
and a singl e _outlet  t e.connected.to an exhaust pipe or system, rein
fha oxRanddinn of Paiaiemis i 26, ALEROND i Eioofe Behas BERR SHOERHtE0; B Thismire,
conposi t grigeérsughestaanly $hé tisé iodr moRblithic SerdRile hiateridlb8be Stbvid@higial theave
been coated with a generic interface material disposed t hr oughout a

cerani c h8PP; patent of Ford Mggor, (arapany tpeHartseek 5.49%e72Ne ceranic matri x
is either of T 7 | ' [ LS
O\?(\I')ﬁ%rég%, B i e/ Hﬁfelcfl Bf k& g;&%hg"éﬂ\fén"ﬂ%ﬁ tBSpro0aY su'dn exhayst

silicon-carb umna silicate cenentat1 ous resin that

been nodimenifoidmadeentirely ofastpuciveal fibayeinforasdcessmicypattid compasiteJERGMLT)
pol yMep &%Qm%i te systens such as nonoal um num phosphate (al so know as
nonoal um no pnosphate) resin. The preferred generic fiber system conprises
al um na, ADthex , objectischng linefits taf| this! Gnvertioneilb becoiiex appareho fram| theon

O o0 aSloptN WiRIoR rEffows hereinafter when read in conjunction with the drawing figures> o ,
HPZ, gr apihidteaccompariy thd peat. The preferred generic interface materi al

conpri ses carbon, silicon nitride, silicon carboxyl, silicon carbide or
boron nitride or a |ayered
15 DISCLOSURE OF THE INVENTION

The foregoing objects havé been achieved in an exhaust manifold for an internal
combustion engine having a plurality of header pipes 10 be connected to and receiving
exhaust gases from respective ones of a plurality of exhausjc ports of the engine and a
single outiet to be connected to an exhaust pipe or system wherein the exhaust manifold

20 is of a structural fiber reinforced ceramic matrix composite material comprising fibers of
a generic fiber system that have been coated with a generic interface material disposed
throughout a ceramic matrix.

The preferred resin to create the ceramic matrix is either of the two
polymer-derived ceramic resins comprising silicon-carboxyl and alumina silicate or a

25 cementatious resin that has been modified to emulate the processing methods of typical
structural polymer composite systems such as monocaluminum phosphate (also know as
monoalumino phosphate) resin. The preferred generic fiber system compriées alumina,

. Altex, Nextel 312, Nextel 440, Nextel 510, Nextel 5650, silicon nitride, silicon carbide,
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conbi nati on of one or nore of the above interfacial materials. In
anot her co-pending application entitled METHODS AND APPARATUS FOR 5 MAKI NG
CERAM C MATRI X COMPCSI TE LI NED AUTOMOTI VE PARTS AND FI BER REI NFORCED
CERAM C MATRI X COMPCSI TE AUTOMOTI VE PARTS by the inventors herein seri al
nunmber iled on even date herewith, an inprove I
fi ber reinf OF%%%P"’@ J Pami ¢ matri x conposite (FRCI\/C) mat eri al dpébgl scwgged-for
l'ining metal parts such .as exhaust manifol ds which does not suffer from
the problens of failure 10 due to thermal shock, damage from mnor inpacts, .
or erosion of a nmonolithic ceramc liner. Afirst aspect is a nmethod for
formng a netal part having a breakage resistant ceramc |iner

conprising the steps of, forming a nmetal part having a mating surface for

recei vi ngHplze drhgﬁife, é8b6h rwmdapbaﬂerh@fpr@feﬁeaagarreri&aﬁm@éﬂfaée futbAANO/prises
pores; fillin ores’ with a pre-ceramc polymer resin; firing the

pre- cer arrpartm. wﬂmonr egmdﬁ.samrmcaequvhesﬂla@n rerhide erpmranurmén@m@rfaﬂavgred
time (despgnglads oé&ﬁ‘ehBPﬁid?e%QHE%%B%‘?@%&%@H‘&QMEVtS the resin

into a ceramc Wth or es e ceramc liner to the
mat i ng sur f bcanathet h@n—palnéihg papplication entltled METHIQDS ANDIARPARATLIS RO

pour i ng SaARING HEReBICT MAERR CeRBlFSss SRERLARTehoT e Pl BRI 2iBen,

mol d, fir REINEGRCEDICERAMIC MATRIX ECOMPOSITE AUTOMOINVE HARTS aipeicihfendrs h
converts it |nto a handl eabl e pre- ceramc form renpvin the re-ceramc

for m f r onrPeFRIN K8AiR) nUmREr £ | ng thiilegian eyangate hepwithoar imprayed gipuciyral

t enper at ey} CleiFBRAER Eérairic MYtAxcdrRpGHeL (FRCW)mnfié?c@ﬁél' Rl mgclagé&%if Qfrity!
by out-gassing. And, the step of filling the pores wt

pol yrer - dEtetakRartsuoh as exhaust manifeldsavhigh depsgot snéfarufm theprohderpa of failure
cont ai RigNGud 1 },ﬁaﬂé"hd&ke ?g Eqrg%n%hg imp& noPQttdskoﬁ PF agﬂﬁﬁéhtgfcecﬁramlc

i
saturated w thtﬂﬁe resin. resin | con- car box
resin (solidehy AAfidsk eaap@ttgnaﬁ metbied fohtormingla meatad thahﬂaghaa) breakage resistahn

cont ai ni ngopedrah peiRfiebiereed bF Pimiitia molfiad by B BefindanFlacd e

mol d t o oeseghying the liner; forming a liner of a ceramic material containing pores filling the pores
WO 97/ 07079
PCT/ US96/ Y4t1ha pre-ceramicolymer tasin: firing the\ pipyaetarpic RANEMALIGPIN SBIULATRG liper at

l'i qui d 18" e-témiperatareand fera t‘m&l(des:gnéfw(hwmatrbﬁnnﬁﬁ‘ﬁtﬁéﬁtdrér)fwhlbhtdaﬁverts the

remai ni ng vol yme of the m)l éhthe llqﬁ'ijgﬁrec ram c ol¥me[1re5|n
firing thée%l'ﬂtq‘ 8rceramicwvithin the ROTEENBRAA endipe dheHeriG ings 19 ihg mating
handl eabl guiFage ©ftRénfethPpant. renoving the pre-ceranm c formfromthe nold,
and firing 5 the pre-ceramic formfor a tine and at a tenperate which
converts the | Ineneembediaentythe stepr fprping beiliner at 8 caranicanpterigheentaining

cOMPOSi t & ghddBdifiHidts Yoliingirfiek¥riEhfh bdstabli com wsrgun%ﬁsearmwr%nab@&
quid pre-ceram c polymer resin s I con- car resin

Bl ackgl2fs mold, firing the molded slurry material for a time and at a temperate whlch converts it
into a handleable pre-ceramic form, removing the pre-ceramic form from the mold, and
firing the pre-ceramic form for a time and at a temperate which converts it into a ceramic
form containing pores formed by out-gassing. And, the step of filling the pores with a
polymer-derived ceramic resin comprises placing the liner into a bath containing a liguid
25 pre-ceramic polymer resin until the pores are saturated with the resin. Preferably, the

resin is silicon-carboxyl resin {sold by Allied-Signal under the trade name Blackglas).
In 2 second embodiment, the step of forming the liner of a ceramic material

containing pores comprises positioning a fiber preform into a liner-shaped mold to occupy
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A second aspect of the present invention is a nethod for formng a netal
part 10 having a breakage resistant ceramic liner conprising the steps of,
forming a liner of a ceranmi c material containing pores; filling the
pores with a pre-ceram c polyner resin; firing the pre-ceram c pol yner
resin saturghe ?“{ sl at a tenperature and for a time (as perg§shinat ed by
the resin manufacturer), which converts the resininto a ceramc wthin the
pores; positioning the liner within a nmold for the netal part with the
mating surface of 15 the liner facing into a portion of the nold to be

occupied by the nmetal formng the part; and, filling the nold with
nolten netal to formthe part. As vm'th the first aspect, the step
of formng the liner of a ceramc nateri al cont ai ni ng pores can conprise

eit hler apsgw«w admwsfi ﬂfﬁivehmeeof Ahd, mbkie fotcimg @f ||;dd|d! |dr6@ﬁramtd1§owe?3re§ir\'[2 8
a pol ynmer-derived ceramc res agaj n conpri ses aci.ng, t he ner into a
hath cont HIFAKGR te prefarm tw"@ t% r%rﬁﬁ@'%wy fe@g Ht"g'lth F‘P\% iuidre-gegamic
sat ur at edp¥ivhibrirBsin, firingShienofd fdrfkg tmaﬁa %tf‘aefeiﬁribé‘;afé)hmmi cbAvérts it into a
satyur at ed I'ner at a tenperature and for a tine whi ch converts the

resi n i nt bandleablgrare-cgrarpic-forRe rempwing the pre-ceramic fogm| fremstée malsk @ndtfiring

f
Por ect1 1 T SRR Yar Bnd hd Bl tarhoprdp MBI Gl e igbBiidiad ific
renove t hpqurmesm into i ¢éremic n‘adtnpraminmﬂslte form contamlrlg pnc&shfmnm:pbytouﬁ
th t t.h Ki fib f;
1 x coRBERTds Piefetanifs T il BreTRrect sumet s s i PreerbeayCR <o
form ng Blao&gmeform in the shape of the part fromfibers of a generic

f5| ber system errpl glﬁes(glpgtygf the present mventnon is a method for forming a metal part

PCT/ US9§/ AdviRg a breakage freéxglranf ebRIAICORfSr ConMtising e stépﬁ wfpﬂfrhh ? a IMedfig
the preformin a cavity of nol d havi ng t he shape of forcing

a liquid 9@waymi§rma@rﬁbsanmamp@f%sﬂlhns ﬁhwgnes( With a péwptajn@opqlvmer t’ﬁ?é":
cavity anﬂriﬁgttHé Préc S%l@rﬁlﬂ'ﬁg r%})‘?l"i‘gh{‘tﬂafe'aeh I3t aterrip et SPE %V\g%ﬁaamﬂe (as

for ati sociated wth derived ceramc resin
t r ansf or ndesigpateddy the rssmmqnuéacmm swhichaonners thestesindataa aeramip vdthin the

into a p%é;g:?r pggm%g[ ﬁwdoﬁﬂe{r witAIRGY ik for Eh'éem?fHI paFt with WHQ%%t?naq)éﬁFfa%é oM

t he nol d I'ring mer conposi
at a t dbpthalinerdfsging into a @ormcmaohﬁmnom t:dbevot:humaé byahg meetatiforming the part;

ceram c resingi e \Y - IV ceramc resin into a

ceramc mﬁébégwb(in?kéags‘&ﬁh@mt%%' tge{ﬁé'%t%esp%?? ‘ansfornmed into a fiber

rei nforced cer Asi withathe ﬁrsthspecnoﬂ\é stgpabf .forming the lindir of & edlamictrnaterial
r ei,nf.orced

Cor an ¢ nEOPISEERGEE] FE BATPIES AIthPT PR ORGH SeSTUIRRAPaYy: A S FIRp Sffiing,
firing intive pored Withia pcf:lyhm—denqud éemhwfeémougauvednpﬁswptacrr@stm nn'erfmdol a
]E Ihg e;r)or > H\\‘,’MH{ Egttatgggpg u,pagr,el ggr%%&éggﬁrig\{'ggﬂg%r %mthce ;;c(:ares are saturat%d with the
resin; firing the pre-ceramic polymer resin saturated liner at a temperature and for a time

which converts the resin into a ceramic within the pores.
In all cases where the pores formed by outgassing are filled, it is preferred to
repeat the pore-filling and re-heating process several times to virtually totally remove the

25 pores from the final product,

. In another aspect of the present invention, a method of making a fiber reinforced
ceramic matrix composite automotive part is disclosed comprising the steps of, -forming
a preform in the shape of the part from fibers of a generic fiber system employable in
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15 in an inert atnosphere at a tenperature and for a tine associated with

t he pol yner-derived ceram c resin which transforns the pol yner-derived
ceramic resin in the pores into a ceramc; and, repeating this process
until the pore density within the final fiber reinforced ceramic matrix
conposi te pydotgroheSS than a pre-established percentage pephioldbdgd

maxi mum strength to the part. 20 The preferred nethod 1s al so
adaptable to form ng hollow parts such as engine mani f ol'ds by enpl oyi ng
the steps of, formng a first preformin the shape of a | ower portion of

the manifold fromfibers of a generic fiber systemenployable in fiber
reinforced ceramc matri x conposites; placing the first preformin a cavity
of a first nold havi ng the shape of the |ower portion of the manifold;
forcing diber ceinforped wermitemiatrixi compositas: placiagi thet pretarghin a eavityiafya mold

bt o tonpevine e ¥aes Ardhear Rrclid & linHeabr Bk Soromis Péhin 12l the
ceram C Ilcagity tovitl the lcaeity lantsatirate tHeoprefomel hemingdaeinvesld at artefperature and

resin-saturated firs reforminto a _ first I r osite part;
r enovi ng fgmtimergqsoégt ththepolymer-derived cera ic Fesin w%?crlgptransfor s the liquid

6 - M@Jdr?mr%simsatu ated preforminto a polymer composite part; i
PCT/ U8956/pﬂ’}5§1'r de romthe m)T é; ?oer n{ nln a gecyond pr epfoo'r ﬁ]pfn "Eeﬁrel?\gﬂgpe
of an uppbe pplyraergoropositepart figsm themeld:rand, firingrthegrolyrner epmpesite pandén an

. . : q :
SYSt e A afob iSRSl il for o nssochod i kol A
pol yner - deramiedesievanich traasfornisithe pglymeéredariveidicgrariciresin inth e cetamicywberdby
t t h 5 .ef . [ t he . | t t
oLt ot o rRE G BAR Foft f SRR 3508 o uPln, SIRRI B
t r ansf o reonguositel part.d pol yner-derived ceram c resi n-saturated second
f i nt d I it t. | th d
bol yer conpoEreterahlys the aHiaralg feiudes the sreps ot mirtersifg prdiber srigterced
part %mmnamﬁa&np@hu@panwmaﬁmﬁ;ME folnR&E b QUtgHs8IMg dWindBrikg #ne

to formthe 10 manifold as ,a hol ] ow conduit-shaped gart; and, firing the

pol ymer coRpHY iOFé'\?aH‘H‘P'SI polymer-degived rer F"‘&t fesip Her Bl éf‘_eaquéﬁp‘élﬂﬁti_hee"%'iﬁ
for a ti 'B’olf:ﬁéﬁaéﬁ&&ﬂc&'ahhctréﬁnpﬁﬂw@ﬁ{é fiSéd bffforced ramicCmbadl EorWEbﬁi*Ee part
transforns e polyner-derived ceramc resin into a ceram c whereby t he
pol ynetb danposinest raimasphere #tt @atemperasdrg mng for | detime cpsgasiated vdthrthe

Tre 1 useBrRbhedBitails fosh Aniciriibim® tha bz dehVn o hdRlic At irfthe
are pref cponds intocnteramio; amd, repeating this gpeecesshuttil abe pere dengityewithiti thenfinal

21 ong t ndtRer R ER cePdthic adrbCbomy e s 1 1aks MR PEo-aptobiified brefitay

to be i ntaffordingymiaxirhen strangth toehapact. foam catal yst substrate structure
Lhe D652 Sl At ES AR BB D Ay bR, B AU Sholed
manifolds by employing the steps of, forming a first preform in the shape of a lower
portion of the manifold from fibers of a generic fiber system employable in fibef
- reinforced ceramic matrix composites; placing the first preform in a cavity of a first mold
having the shape of the lower portion of the manifold; forcing a'liquid polymer-derived
25 ceramic resin through the cavity to fill the cavity and saturate the first preform; heating
the first mold at a temperature.and for a time associated with the polymer-derived
. ceramic resin which transforms the liguid polymer-derived ceramic resin-saturated first

preform into a first polymer composite part; removing the first polymer composite part

6



havi ng the shape of the upper portion of the manifold additionally

I ncl udi ng the steps of, pl acing the first preformas part of a
cavity-defining wall of the second nold; and, placing the ceram c foam
catal yst substrate structure in the first preformwhereby the first
preform and @M ¢ foam catal yst substrate structure | tion
formpart of gg’the cavity of the second wall. T usﬁﬁﬁﬁ&?ﬁ

i nterest of engine weight, and the |ike, an exhaust manifold entirely

of a ceramc material would be highly desirable.

7 WD 97/ 07079
PCT/ US96/ 11794 BRI EF DESCRI PTI ON OF THE
DRAW NGS Figure 1 is a sinplified plan view of a typical exhaust

mani f ol dfrim tbeuneld; forming a seécgodep@form dn the sshapecof an mmmerugd)rtbheof the

haust I /IVII/III/IVyvh
xRt G o] 84S ol Bl g ldcdcLd ] et BE By
section foha@egbnd ividhdhang thmﬁexbfdhefupﬁegpusrﬁoa: ofthé hﬁnﬁb&ﬂ@orcm% the Ilqwd
II/JII/IV—II/III/then t.he ‘mani f ol prior art metal manifold having

a nonol i PRIymMer-d Qf@ﬁegn?%’am'?léPs'BntW% q? ﬁh%rc%Yth tih dhg gavity and SathﬁegEhﬁa 4
is a Crggge éﬁ&fﬁe@&rﬁ me%ag tﬁase@aﬂmstd Mﬁfb‘efbtﬂfe @t t?mia gsé&?ateg
accordl ng to

LL/LLLAIN=TT/ 1T/ TV when The mani f Is an al mani
the pres&he pelymerwiaiivedgeramic resin whinrgnar@fgrm%tm liqyid inplymerderived catasmd ng
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systens sfigbribed above to give maximum strength to the resultant manifold and seal any leakage
that may exist along the mating edges.
Where the manifold is an exhaust manifold to be internally filled with a ceramic
foam catalyst substrate structure the process and required tooling can be greatly
20 simplified by prior to the step of placing the second preform in a cavity of a second mold
having the shape of the upper portion of the manifold additionally inciuding the steps of,
placing the first preform as part of a cavity-defining wall of the second moid; and, placing
the ceramic foam catalyst substrate structure in the first preform whereby the first
preform and the ceramic foam catalyst substrate structure in combination form part of
25 the cavity of the seéond wall.
Thus, in the interest of engine weight, and the like, an exhaust manifold entirely
of a ceramic material would be highly desirable.



25 as nonoal um num phosphat e (aka nonoal um no phosphate) resin conbi ned

wth a generic fiber system (hereinafter used interchangeably with the
termreinforcing fibers) such as, but not limted to, alum na, Altex,
Next el 312, Nextel 440, Nextel 510, Nextel 550, silicon nitride, silicon

car bi de, HP te, carbon, and peat. To acconplish th
VO 97/ 07 07gzwc§’J7fﬁ9J% SPCTIUS96/11794

PCT/ US96/ 11794 obj ectives of the present invention, the fiber
systemis first coated to 0.1 to 5.0 microns thickness with an interface
material such as, but not |imted to, carbon, silicon nitride, silicon
carboxyl, silicon carbide, or boron nitride. The interface materi al

prevents the resin fromadhering directly to the fibers of the fiber
system Thus, when t he resBHlEFaEES@BiPTIBI\bOﬁv‘EHE ORAWINGS8eranmic, there is a
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engi ne exhaus over
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mani folﬂ) igvehtfopr am ¢, it inherently has a better insulating capabi I ity
than it's netallic counterpart t hus reduci ng engi ne- conpartnment heat | oad.

2)  Beingt haf'g;qﬁ% Bhigna pariiallvscutavay drawing of ainold shewing how the albﬁBPMC
coefficie 18 bt ﬂfb%r%bnﬁmaﬁﬁme? g\gb addif .gafsﬂuhpﬁamufm RicAdrs attabfed

reduci ng t e t erma | nduced on t manitold fromtop extrene
terrperaturthelteimbvrmnldilw themie@laceie engi ne bl ock and t he manifold.

3) Being that the manifold is a ceramic, it is inherently corrosion
resi stant. 4) Being that the manifold is a ceramc, it

i nherertBy is nore temﬁESa‘lt MEDRFOR CARRMINGt QW THE $NWENAIONC counterpart.
o) g o B ncHBF B2 PrdshobBEEh e sk AR ERY B b o
al um num abowe, thepexhaustimanifédldOiD’ of Figaent & mﬂbceritineii;r)from a FRCMC structure
o that eliminates the strain intolerance and notch sensitivity of conventional prior art
monolithic ceramic structures. The FRCMC of this invenfion employs any of several
20 polymer-derived ceramic resins (hereinafter used interchangeably with the term pre-
ceramic polymer resin} commercially available such as silicon-carboxyl resin (sold by
Allied-SigﬁaI under the trade name Blackglas), alumina-silicate resin {sold by Applied

Poleramics under the trade name C02) or cementatious systems that have been modified
to emulate the processing methods of typical structural polymer composite systems such
25 as monoaluminum phosphate (aka monoalumino phosphate) resin combined with a
generic fiber system {hereinafter used interchangeably with the term reinforcing fibers)
such as, but not limited to, alumina, Altex, Nextel 312, Nextel 440, Nextel 510, Nextel

550, silicon nitride, silicon carbide, HPZ, graphite, carbon, and peat. To accomplish the
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PCT/ US96/ 11794 6) Being that the manifold is a fiber
reinforced conposite with a fiber interface coating, it is substantially
nDre strain tolerant (ductile) than it's nonolithic ceramc counterpart.
Bei ng nanlfold is a fiber reinforced conp05|? *ﬂ. Al i ber
|nterface oa I ng I s substantially I ess notch sensitive than it's
nonolithic ceramc counterpart. ' 8) Being that the manifold is a
fiber reinforced conposite with a fiber interface coating, it is
substantially nore breakage resistant than it's nonolithic ceramc
count erpart. 9) Being that the manifold is a fiber reinforced

conposite with a fiber interface 10 coating, it's strength characteristics

can be t gbjeetiv8s of therpresant inventidrs theifibepsjsiem iS firdticdated to @10d 5 0ahicrons
orientation. 0 Belngthat the manifold is a fiber reinforced
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coatin & aI er e
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nitride, agipardwmst iddustorppragtiges ysagHin the feénmwn %frﬁirtp;é;utal polvmer comppsite
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specifications to convert the resin into a ceramic.
There are a number of distinct advantages offered by a FRCMC internal
16 combustion engine exhaust manifold over
current metal and potential monolithic ceramic manifolds, they are as follows:
1} Being that the manifold is a ceramic, it inherently has a better insulating
capability than it’s metallic counterpart, thus reducing engine compartment heat load.
2) Being that the manifold is a ceramic, it has a substantial!y lower coefficient
20 of thermal expansion than it’s metallic counterpart, thus reducing the thermally induced
loads on the manifold from top extreme temperature differential between the engine
block and the manifold.
3) Being that the manifold is a ceramic, it is inherently corrosion resistant.
4) Being that the manifold is a ceramic, it inherently is more temperature
25 resistant than it’s metallic counterpart.
5) Being that the manifold is a ceramic, it inherently is substantially lighter than
it’s metallic counterpart (FRCMC is lower density than aluminum, i.e. approximately 0.08
pounds/cubic inch). '
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coating applied as per industry best practices. The fiber could have been

coated prior to formng the fiber manifold shapes. The -assignee of this
application, Northrop Corporation, currently has a nunber of patents on
e 2Bl Ca gy Mo acecontinos, ) el udhng, U S RebesienBe |
Patent No. 5,110,771, entitled METHOD OF FORM NG A PRECRACKED FI BER
COATI NG FOR TOUGHENI NG CERAM C FI BER- MATRI X COMPOSI TES; U. S. Patent No.
5,275,984, entitled FI BER COATI NG OF UNBONDED MULTI - LAYERS FOR

TOUGHENI NG CERAM C FI BER- MATRI X COMPCSI TES; U S. Patent No. 5,162,271,

entitled METHOD OF FORM NG A DUCTI LE FI BER COATI NG 10 FOR TOUGHENI NG

NON- OXI DE CERgM C wﬁammumzs @fiberdeinforcat eomdﬁslte W|tl5a Fiber int8cface
entitled WEAK FRANG I%LE ER COATI NG W TH UNFI LL' TOUGHENI NG

CERAM C FP2Mng.\ik1iR Sy Y yReye siain wigmang duckle E\A}h%h It 8‘0“0'%’80?%’6@% ed

Herei n byolRidPp&aRCE- AI so, Allied-Signal or Sinterials are comerci al
conpani es which w || ﬁ an interface coating as a purchased service. 15
3. The hal f 7hani Beinashakthe manifald s 3 tiber rainforced sompoasitamigh aifibier interface
resin, : | ude
Squees FngorHhdr iy ST ThtoolAhs e iRl e HEMDURICBolMie hel o
mat eri al - coat 8 f|Be|ng tbatmegmmfold i a fiber relnfemdmnmuse:e vpntkas‘meemtetfaca
nmold to forg%thehgan | f.ol d " aped st

Tt e o aEPEbE 405 SR S, BHSEkHAS sresistant; thar dr's | Biglitie. peramic,o

20 foll OWoOﬁtéi'Mﬁhe A) Rarrp fromanbient to 150F at
2.7[err]/ mnute t) at 150[err] F for 30 m nut
Ranp at 1. 7[eP}]/ nPaifedhet “9(5@?“"0"’ ‘saf'befDF'"f"F‘i?Pde?P%["éWFlf'q%n'metface

m nut 99 géatmg, it s@reng@@ﬁarﬂ&teﬁsﬁ&?&é& b@“téll&r@d VialchoidedTVeR intdt face SBHLMY,

140[err] F shoul d be noted that there are a varlety of heat-up
cycle deﬁnﬂlﬂb%rﬁlﬂmfﬂ@ﬂw | | create-usabl e product and the foregoing is

b f
V\}ll) ‘3’%’ 0;’ 07 8 ne 18Y aBhingtRhytrRHarfifdid i RBECRinfordedd d¥fgasile Wit & fiber interface

PCT/ US96kbatiog, it’s coefficient of thermal expansion can be tallored to better match that of the
- engine block via selection of fiber system.
156 11) Being that the manifold is a fiber reinforced ceramic matrix composite with
a fiber interface coating, it’s material properties do not degrade as a function of
temperature in the manifold operating temperature range as does it’'s metallic
counterpart.
12) Being that the manifold is a fiber reinforced cerémic matrix compasite with
20 a fiber interface coating, it is more resistant to damage resulting from thermal shock_than
it's monoiithic ceramic counterpart. |

Example: Fabrication of a FRCMC Exhaust Manifold
1. Lay-up either a pair of half-manifolds (upper and lower halves) to be joined
25 at a later étep or a total manifold from woven cloth matting of fibers, such as, but not
limited to, alumina, Altex, Nextel 312, Nextel 440, Nexte! 510, Nextel 550, silicon
nitride, silicon carbide, HPZ, graphite, carbon, and peat.
2. The half manifolds or total manifold fiber preform then have a fiber interface
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5. I f hal f-mani fol ds were nmade, they are snapped or fitted together along
mating edges at this point to forma total manifold. The two pi eces now

fitted together are dipped in Blackglas resin for a mninmmof five

m nutes. The part is then renoved fromthe resin and heated as per the
previ ous ra%# gte to hold the edges together. 5 ScrussdfireP! yrrer
conposi te nani or(;, Is then pyrolized. In this regard, fabrlcatlon

seal abl e contai ner, such as a stainless steel box, capable of V\nthstandl ng

1900F S required for -the pyrolysis cycle in a standard furnace. In the
alternative, an inert gas furnace could be used if available. The box
shoul d have two tubing connections, one on the bottom and one on the top

to allow the box to be flooded with an inert gas. In this 10 exanple, the
mani f ol dcoatingl appiddias pérdndostry best practipésic Fheifiben couhhhiavelbéem coated prior
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97/ 07079incorporated herein by reference. Also, Allied-Signal or Smtenaﬂxjgrejggqmmgal

8. Steg ?aﬁﬂég thn@hQNﬁlhef‘dW SR%%cH%‘a‘nnét reng ﬁdha@éd BEARSLLY 1S below a

desired evel which 1 np he maxi num to the final FRCMC
mani f dBd. Typ3<:a| | The half-mnifolqmo&mal ma@nifpld are then saturased withetheaesia, in this

;: '[Tgfnat gfarﬂe %&hp Blﬁcﬁ@rg% Sréﬁ m{/sgéttepsﬁla%hals% mclud{ sgﬂé&la%dcﬁg'rgﬁéu%nof
desi r ed, polymengiativedt ¢caramic eesim landf intdrfacec materalicaated fibecs oBai genexicc ibemni
systemn under pressure into a mold to form the manifold shaped structure. N
4. The resin-saturated half-manifolds or total manifold is then heated as perthe
20 following cycle:
A} Ramp from ambient to 150°F at 2.7°%/minute
B) Hold at 150°F for 30 minutes
C}  Ramp at 1.7°/minute to 300°F
D) Hold at 300°F for 60 minutes
25 E) Cool at 1.2°/minute until temperature is below 140°F.
It should be noted that there are a variety of heat-up cycle definitions which will
create Usable product and the foregoing is by way of one example only and not intended
to be exclusive.
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material, the manifold 10' can be subjected to nolten netal w thout damage.
Thus, one can nmake a basic manifold 10' as described above which does
not . have conpl et ed flanges 12, for exanple. As depicted in Figure 5, the
basic manifold 10" is then positioned within a nold 22. Mdlten netal 24
IS then pouy | the mold 22. The netal 10 24 flows aro cased
portions ofvﬁgghﬁﬁgbb mani fold 10" capturing themw thin ﬂﬁ?ﬁ%ﬂﬁ%ﬁgl as it
hardens thus form ng the flanges-12 and/or, if desired, a strong-back
system 26 which can be bolted to the autonobile to support the manifold 10

agai nst excessi ve bending forces fromthe exhaust system and the |ike.
13 WD 97/ 07079
PCT/ US96/ 11794 AMENDED CLAI M5

[received by Bhe |Hthalhananifolds Weremeads theyNvecsrapped gofitted . wgetd®); along
g{alrrg: Eﬁhgfa&%%%ﬁgﬁgﬁgé%nﬁé f;qjgég )t?&(ii n}a%i%ﬁsd.aﬂ'}aent%g bieces now fitted together
' are dipped in Blackglas resin for a minimum of five minutes. The part is then removed
from the resin and heated as per the previous ramp-up rate to hold the edges together.
5 6. The polymer composite manifold is then pyrolized. In this regard, fabrication
of a sealable container, such as a stainless steel box, capable of withstanding 1900°F
is required for the pyrolysis cycle in a standard furnace. In the alternative, an inert gas
furnace could be used if available. The box should have two tubing connections, one on
the bottom and one on the top to allow the box to be flooded with an inert gas. In this
10 example, the manifold is placed in the box, the box placed in a standard furnace,
stainless steel tubing is connected to the iower connector on the box and to a supply of
high purity argon. Any equivalent inert gas could, of course, be used. The argon is
allowed to flow into the box, and out the top vent at a rate of 5-10 standard cubic feet
‘per hour for the entire heat cycle, thus assuring the manifold is totally enveloped in an
15 inert environment. The furnace is closed and fired on the following basis:-
A) Ramp to 300°F at 223°/hour
B} Ramp to SO00°F at 43°/hour
C) Ramp to 1400°F at 20°/hour
D) Ramp to 1600°F at 50°/hour
20 E) Hold at 1600°F for 4 hours
F) Ramp to 77°F at-125°%/hour
Again. there are a variety of heating schedules other than this one, given by way
of exampie only, which will yield usable hardware.
7. Upon cooling, the manifold is removed from the furnace and box and
25 submerged in a bath of Blackglas resin for enough time to allow all air to be removed
from the manifold (typically 6 minutes or more). A vacuum infiltration step may also be
used for this step. This fills any pores caused by outgassing or shrinkage of the matrix
in the FRCMC manifold with the resin.
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1. A nmet hod of making a high tenperature resistant fiber reinforced
ceramc matri x conposite exhaust manifold for an engi ne conprising the
steps of: 5 a) formng a liner of a cast nonolithic ceramc
materi al containing pores; b) filling the pores of the
cast nonol i #ﬁ ghanm c material with a pre- ceram c pPp-yiiseniRE N;-

c) coating reinforcing fibers with an interface material to prevent a pre-
ceram c polyner resin fromadhering strongly to the reinforcing fibers; 10
d) formng a mxture of a pre-ceram c polyner resin and reinforcing fibers

coated with the interface material; e) form ng an exhaust
mani fol d shaped structure fromthe m xture of the pre-ceram c pol yner
resin and the reinforcing fibers coated with the interface mat eri al by

pl aci ng the n8xt urSteps 6and Zareithen pepéated until thb tevahef ponmsity i bélowcaaﬂesﬁied 15

Tt ur VB WhiormRATA tieanaximigh stgngkh 5 uhe i FAAE SRRTRIE; TR,

pr e- cer agidteifd !ﬁﬁtﬁi@&?ﬂe% l%péﬁfefmfl@e hhﬁrsetrne manifc?d 8 Bkrirdadly YoP Lsed
ceram c conposite. thod of claim1l wherein said step

of coating reFigpes & dgp'pt%énsaltemm H'sﬂﬁc‘i ﬁf dhe resentt WE?'%O‘H{SM“S@@‘ be
coating &h\%@%ﬁ'ﬁfw&k@a 1o et thig sQre}ﬂgFﬁofthg er&Eé?ﬁ%nér'ﬁf&i nﬁéiﬁg‘% fcefdmic
oné layer of t of at

| east e interface materi east one car
si | i con materialethe magifolddd) canhs stibjectedite moltearmetal without demage. Whus,iate.

rzgi nf or cFﬂB W%ﬁee?sg-&?c W&qbnggﬁbg%%ibﬁgf éﬁ@l @@chbﬁ{)géégﬂ: h(‘aggtéo%med

22 flanges 12, \iDr 98%adnisléO As depicted in Figure 5, the basic manifold 10’ is then
Pt/ US%/p%g?Zlgned within a mold 22. Molten metal 24 is then poured into the mold 22. The metal
10 24 flows around the encased portions of the FRCMC manifold 10" capturing them within

the metal as it hardens thus forming the flanges 12 and/or, if desired, a strong-back

system 26 which can be boited to the automobile to support the manifold 10’ against

excessive bending forces from the exhaust system and the like.
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coating reinforcing fibers of at |east one of alumna, high purity alum na,

alum na boro silicate, nullite, alumna silicate, silicon nitride, silicon
car bi de, carbon, or peat with the interface naterial. 5 4,

The net hod of cIa|m1 wherein said step of formng a mxture of the pre-
ceram c pol %571673'76 n and the reinforcing fibers coated w }, 1|,.;],t4erface
mat eri al conpri ses: m xi ng the rei nforC| ng ers coated
with the interface material with a mat eri al chosen fromthe group

consi sting of pre-ceramc polymer resins comrercially 10 avail abl e such as
silicon-carboxyl resin, alumna-silicate resin or nonoal um num phosphat e
resin. 5. The nmethod of claim 1l wherein said step of formng

an exhaust manifold shaped structure fromthe mxture of the pre-ceramc

pol ymer r@WHAT S CUAdMEDIS:i ng 15 fibers coated with the interface materi al
conpri ses: squeezing the m xture of the pre-ceram c pol yner
resin and the reinforcing fibers coated wwth the interface nateri al
under pressur | Nt O\ nthbd of fhakind SIHIYH BeinBBIakir8! EsiSthiR theP

to firing. 20 QSN B BN SRR Hnel rfirked catar,
t her eof ahafrix corgpositaauhaus;trmamyolddnp ansanmpet temprising the steps of:

a) positioning t . .
pouri ng” nol ten mnet ragﬁri]f&nt og%ﬁ'e‘% %Q%S%%lgg?%ﬂogr} #I'ﬂ%ﬁ g}:c aetelg%!rcgr“t%ming po%s,
mani fol d to add add)tfilingathesporestafrthe castgbie evinslithiic cetamhictrnatenial evittaaipee-

mani fol d. 25 !
WO 97/ 07(PRsamic polymer resin;
PCT/ US96/ 11794 c) coating reinforcing fibers with an interface material to prevent a pre-

ceramic polymer resin from adhering strongly to the reinforcing fibers;
10 d) forming.a mixture of a pre-ceramic polymer resin and reinforcing fibers
coated with the interface material;
~ &) forming an exhaust manifold shaped structure from the mixture of the
pre-ceramic polymer resin and the reinforcing fibers coated with the interface material
by placing the mixture on at least a portion of the castable monolithic ceramic material;
15 and,
f} firing the exhaust component shaped structure at a temperature and
a time sufficient to convert the pre-ceramic polymer resin to a ceramic thereby forming
a reinforced ceramic composite. '

20 2. The method of claim 1 wherein said step of coating reinforcing fibers with
an interface material comprises:
coating the reinforcing fibers with 0.1 to 5.0 microns thicknéss of at least
one layer of the interface material of at least one of carbon, silicon nitride, silicon
carbide, silicon carboxide, or boron nitride.
25 .
3. The method of claim 1 wherein said step of coating reinforcing fibers with
an interface material comprises:

coating reinforcing fibers of at least one of alumina, Altex, Nextel 312,
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7. A nmet hod of making a high tenperature resistant fiber reinforced

ceramc matri x conposite exhaust manifold for an engi ne conprising the
steps of: .a) formng a liner of a cast nonolithic ceramc
mat eri al containing pores; : b) filling the pores of the cast

monol i thic ramec material with a pre- 5 ceramc pol mer,,

c) coating ﬁfr&h&& ng fibers with gn I nterface matgrlgl é‘gﬁ%@’é’n?“a pre-
ceram ¢ polyner resin fromadhering directly to the rei nforC| ng fibers, the
rei nforcing fibers conprising fibers of at |east one of alum na, hi gh
purity alum na, alum na boro silicate, nmullite, alumna silicate,
silicon nitride, silicon carbide, HPZ, graphite, carbon, 10 or peat, the
interface material conprising a few mcrons thickness of at |east one of

car bon, ﬁékﬂeP@ﬂOPkat&'snOSNekféPBEGa’siﬁbH&nut'ﬂHb' Sifi€or 84rBRIE, B8rbdd, 0P Pe8fwith
nitride d) formng a mxture of a pre-ceramc polynmer -

resin c hihednterfage material. group consisting of silicon-carboxyl resin,
monoal umi num phosphate resin, or al unina silicate resin and the
reipforcing fibers coated vvith the interface material; 15 e)
form ng an eMaustThmiethﬂdjo‘shthd wiheveih said $teproftfoemingd mixturé of ke pre-

pre-cegam c resi,n an ther nforcing fibers ed, wth the

P er t Bogpralie ey mef Feqf gt she Feinfrrdind, PR saeten wERCeaitreee, Maserioh,e
cast noOngdrhphises:ceram c material ; and, f) firing the
exhaust manifol d shaped structur tenperature and for a 20 tinme

sufficient to con/apqng fthe dPE‘ %’éf‘%ﬂﬁ'@eb%l"?ﬁ@d widy the ntgriage dRateriah ayithhy

form ng matétidl @hoEER HRfn €86 gm@p SRS 8F pre-ceramic polynfer resih8toMrhbRIaIRf
claim7 wherein said step formng a mxture pre- ceranm c pol ymer

resi n anavailabler guehngst FlBéPB-C@&Q’%I rgsim  aleninasilicate desint 6F i AIonaluminum
conpr isge saturating a woven cloth natting of the

rei nf oracﬁhospfhageerress"éoat ed with the interface material and the
pre-ceram c pol yner resin.

I%?:T / US96/ 1179 4. W;nPJ(n%ZR&? of claim 1 wherein said step of forming an exhaust manifold
shaped structure from the mixture of the pre-ceramic polymer resin and reinforcing fibers
coated with the interface material comprises:

15 squeezing the mixture of the pre-ceramic polymer resin and the reinforcing
fibers coated with the interface material under pressure into a mold to form the manifold

shaped structure prior to firing.

6. The method of claim 1 and, after said step (d) fhereof. of firing additionalty
20 comprising the steps of: -
a) positioning the ceramic manifold in a mold; and,
b) pouring molten metal into the mold around portions of the ceramic
manifoid to add additional structural components of metal to the ceramic manifold.

25 7. A method of making a high temperature resistant fiber reinforced ceramic
matrix composite exhaust manifold for an engine comprising the steps of:

a) forming aliner of a castable monolithic ceramic material containing pores;

b) filling fhe pores of the castable monolithic ceramic material with a pre-

" 15
. I ——
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9. The nethod of claim8 wherein said step of form ng an exhaust manifold
shaped structure fromthe m xture of the pre-ceram c polyner resin and the
reinforcing fibers coated with the interface material additionally includes

the step of: squeezing the woven cloth matting of the
reinforcing fibers coated with 5 the interface material a ed with
t he pre-cerdﬁ?@” mer resin in a nold under pressure Bepﬁgkﬁ%ﬁ?iring.
10. The nethod of claim7 and, after said step (f) of firing additionally
conprising the steps of: 10 a) positioning the manifold in a
nol d; and, b) pouring nolten nmetal into the nold around
portions of the mani fold to add additional structural netal conponents
to the manifol d. 11. A nethod of meking a high tenperature

r-esi st anteeladARY poigiel pégind cerami ¢ 15 matrix conposite exhaust manifold for
an engine conprising the steps of: formng a liner of a

cast nonolithic cefhfpatingreipfercingfibers with ngirégr;fage) material to prevenhy pre-
i, _ _ e oy o Al i rr
1tiing ait S&st?llfeﬁ ?I’QQH% S8R &k%iﬁlg{og‘{ﬁeﬁrdﬁo%ab@ fidrd %ﬁ%ﬁr@o%w%

cerani c polyner r oating relnforcing
an i nt er ffibees camprisialp fiberp of at leastope of akininar Nextel P2 yNextel 44DnNextein510,

adheri i rec to the reinftorcing fib , the,reinfaorcin i ber

conpr i rlge’?tﬂ)%#é gcon "'Fré'“gestsnfﬁ?@ ‘iﬁbgleuﬁﬁa,gr% - PRy oégﬁﬁ’f'ﬁé? Pr&?ﬁﬁ??\a
bor o Shhtefial eomﬁnhihgtaafewlmmm thitkifgdb f 4tilbastadhd bt Eadbdn, silicof Giitride,
carbide, HPZ, graphite, carbon, oy ,peat_ .fhe interface materi al

conpri si rificenicarpids, 8ilicPR GaRROXidecomBarOnFitride: | ¢ast one of carbon,
sillicon nitride, siit i id ¢ ' ; bl thd €

d) formng a m xt uPLf%?n 2?%@(’)@&?&%&?&{ %@!ﬂkﬁlﬁ{ Eég'? Eﬁ%ﬁi‘rgf’%ﬂ’? %cenrgé
coat ed wicdmsistingi oftsfiicoacearbaxyresin, monoaluminum phosphaterspy.ralumina silicate

7T R A e g e sy WG Magiipust e fol
e) forming an exhaust manifoid shaped structure from the mixture of the
pre-ceramic polymer resin and the reinforcing fibers coated with the interface material
by placing the mixture on at least a portion of the castable monolithic ceramic material;
and, _ .
.16 f} firing the exhaust manifold shaped structure at a temperature and for a
time sufficient to convert the pre-ceramic polymer resin to a ceramic thereby forming a

reinforced ceramic composite.

. 8. The method of claim 7 wherein said step of forming a mixture of a pre-
20 ceramic polymer resin and reinforcing fibers coated with the interface material comprises:
saturating a woven cloth matting of the reinforcing fibers coated with the

interface material and the pre-ceramic polymer resin.

9. The method of claim 8 wherein said step of forming an exhaust manifold
25 shaped structure from the mixture of the pre-ceramic polymer resin and the reinforcing
fibers coated with the interface material additionally includes the step of:
squeezing the woven cloth matting of the reinforcing fibers coated with the
interface material and saturated with the pre-ceramic polymer resin in a mold under

16
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silicon-carboxyl resin and the reinforcing fibers coated with the interface
mat eri al by pl acing the m xture on at |east a portion of the cast
nonolithic ceramc material; and, f) firing the exhaust
mani fol d shaped structure at a tenperature and for a 5 time sufficient to
convert the silicon-carboxyl to a ceramc. 12. The net hod of
claim11l whoYRPHIH d step of formng a mixture of " si | PEBHS%41 88 xy |
resin and reinforcing fibers coated with the interface materi al

conprises: 10 saturating a woven cloth matting of the
reinforcing fibers coated with the interface material wth the
silicon-carboxyl resin. 13. The nethod of claim 12 wherein
said step of forning an exhaust mani f ol d shaped structure fromthe

m xture qof th rboxyl resin and 15 reinforcing fibers coated with
t he |nteFW§%%E%§*@t ﬁ"ﬁgdltionally i ncl udes the step of:

squeezi ng the mnven cIoth matting of the reinforcing fibers coated wth

the interface d urated with the S|I|con rb i.n in
mol ¢ under gﬁ 76’"5 °6f %o‘:'?'m §nd. ajtpr said Ste§?4‘ﬁ‘ ?ﬂz}é ﬁaiﬂeﬂa"v
claim 11c%ﬁ$bnsﬂf§ﬁfe§t%p§o‘ﬁ6p (f) of f| ring additionally conprising the
steps of: a) imrersing the fired manifold into a bath of

si i co® carboxyl rakin pesitioning the saartold in awepldi andy gaSS| ng therein wth

the silicon-carboxy] r I QI
tenperature and forj a te'?érr%hnsgu?‘fo’tgné'?leta! 'ntaghéc))ci)‘r?\rlfgrmtﬁdt e ngﬁ tégr"garf'ﬁlolld?1

a cer am a9 asddadditional structural metal) corapenarits ¢o sluaapmr‘@ﬁm)d.and (b) until the
renmai ni ng vol unme of pores forned by outgassing is bel ow an anpbunt whi ch.
maxi m zes the strength of the manifold. WD 97/ 07079

PCT. / US96/ 117941. A method of makingl® high'mmpaeaﬂmmlrwstahaflbem.‘eiraﬂmdcechédremic

S5 ek Shb b B R Y s oS SIS
m)l ten rret al into ahferimingla iierwid daetdbl@mdnelithid seramic material containing pores;

b} filling the pores of the castable monolithic ceramic material with a pre-
ceramic polymer resin;

c) coating reinforcing fibers with an interface material to prevent a pre-

15 ceramic polymer resin from adhering directly to the reinforcing fibers, the reinforcing
fibers comprising fibers of at least one of alumina, Nextel 312, Nextel 440, Nextel 510,
Nextel 550, silicon nitride, silicon carbide, HPZ, graphite, carbon, or peat, the interface
material comprising 0.1 to 5.0 microns thickness of at least one of carbon, silicon nitride,
silicon carbide, silicon carboxide, or boron nitride; -

20 d) forming a mixture of silicon-carboxyl resin and the reinforcing fibers
coated with the interface material;

e) forming an exhaust manifold shaped structure from the mixture of the
silicon-carboxyl resin and the reinforcing fibers coated with the interface material by
placing the mixture on at least a portion of the castable monolithic ceramic material; and,

25 f) firing the exhaust manifold shaped structure at a temperature and for a
time sufficient to convert the silicon-carboxyl to a ceramic.

12. The method of claim 11 wherein said step of forming a mixture of silicon-

———— 17
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5 manifold to add additional structural netal conponents to the nmanifold.
16. The nethod of claim 15 and, after said step (e) additionally

conpri si ng the steps of: a) positioning the manifold
in a nmold; and, 10 b) pourlng nolten netal into the nold

ar ound portlons of the mani fold to add additional stru

conponent s t WOPHAT0Rni f ol d. 17. .The net hod of %#éﬁh?’gﬁéﬁerel n
said step of coating reinforcing fibers with an interface materi al
conprises: 15 coating reinforcing fibers with the interface
material, wherein said reinforcing fibers conprises ceramc fibers
capabl e of wi thstandi ng high processing t enperatures associated with
converting the pre-ceramc polyner resin to a ceramc matrix in an inert
envi T Onm?:g;boxlyl fdSin Fnd rem]‘@rcmg-rﬂﬁergeéd%ﬁﬁd %tr? ki mtérf 'téhaﬁ%‘ prige; of
form ng a“mXxtu resin ereln orci ng

fibers coated w t hsatheatmu amwoven cioml'emaamng of ﬂmrq:mmfsaemng fibers coated with the

m xi ng the reinforci,n hers.coated, w ththelnterface material with a
modi f i ed IReHR ﬁ?é‘?#‘&ﬂégﬂ#@ '@&%ﬂﬁ% ‘iﬂS’P%’é’r esilsin. 25 VO 97/ 07079
PCT/ US96/ 11794 The met hod of claim1l V\,herel n the

step of form 88 an_exhaust mani foI d nprises form ng an
d

exhaustd® nani f shae &ethed of cpie 12 thalfﬂ‘é stﬂ&ﬂﬁpegf(fp"f‘m 3} exhaust raanifald
pO' ymer gglagsu Sfctli8 FEMH mbitrd 6P B¢ siRBAAAEN 1bEIR dridf RIARRENETIRrE A

5 pl m xture on an I nside portion of the cast nonolit
ceram C rm’atad wiith the interface matggial amonetlhwlmies(:tr& step ofher ei n the step

of formng an exhaggt. N i3 \Woven GBI Hatfitg of the reinforcing fibers coated with the

interface material and saturated with the silicon-carboxyl resin in 2 mold under pressure
10 prior to firing.

14. The method of claim 11 and, after said step {d} of firing additionally
comprising the steps of:
a) immersing the fired manifold into a bath of silicon-carboxyl resin to fill
15 pores formed by outgassing therein with the silicon-carboxyl resin;
' b) refiring the manifold at a temperature and for a time sufficient to convert
the silicon-carboxyl to a ceramic; and,
¢) repeating steps (a) and (b) until the remaining volume of pores formed by
outgassing is below an amount whi_ch maximizes the strength of the manifold.
20 '
15. The method - of claim 11 and, after said step (d} of firing additionally
comprising the steps of:
a) positioning the manifold in a mold; and, _
b} pouring molten metal into the mold around portions of the manifold
25 to add additional structural metal components to the manifold.

16. The method of claim 15 and, after said step {c) additionally comprising the.
steps of:

18
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form ng an exhaust manifold shaped structure fromthe m xture of the pre-
10 ceram c polyner resin and the reinforcing fibers coated wth the
interface material by pl acing the m xture on an outside portion of the
cast nonolithic ceramc material . 21. The nethod of claim1l
wherein the step of formng an exhaust manifold conprises: 15

formng an eﬁ'ﬂagg@?m?rani fold shaped structure fromthe m xt it e T pre-
ceram c polyner resin and the reinforcing fibers coated with the interface
mat eri al by pl acing the m xture around the cast nonolithic ceramc

mat eri al . 22. The nethod of claim7 wherein the step of

form ng an exhaust manifold 20 conpri ses: form ng an exhaust
mani f ol d shaped structure fromthe m xture of the pre- ceram c pol yner
resin and the rei nGpr ci agfbRRESHSGRLARoIN ' By laplie” face material by

pl aci ng the mi xture on an 1 nside portion of the ¢ast nmonolithic ceramc
mat eri al . 25 b) 23. pogtirg maitendnetal éntai thre Mmolbareind porticisegf the rhanifdldg

gg e~xhaustro méécﬂ%\ﬂﬁtﬁvo l%{jf! Tietal components to the manifold.

PCT/ US96/ 11794 form ng an exhaust manifold shaped
structure fromfhe_mxture of the pre- ~ ceramc polyner resin and the

el nfor®; ng f i1t7ter s The amethog) erFt'ﬁ'ﬂbP Wherpin.said fiapdh Gatipg reinfarcing figershwith

M Xt ure Qfh miterPaide mdterd dontstisek: t he cast nonolithic ceramc naterial. 5
24. The nmethod of claim7 wherein the step of form ng an exhaust manifold

conpri ses: coating nfqinforsing x fikak wighi the dnterfage dmateria); uwbefeinnsaitie
m Xture qbirBRiny fibers comprises ceramic fibers capable of withstanding high processing
temperatures associated with converting the pre-ceramic polymer resin to a ceramic
10 matrix in an inert environment.

18. The method of claim 4 wherein said step of forming a mixture of pre-
ceramic polymer resin and the reinforcing fibers coated with the interface material
comprises:

15 mixing the reinforcing fibers coated with the interface material with a
modified cementatious pre-ceramic polymer resin emulating the processing methods of
structural polymer composite systems.

19. The method of claim 1 wherein the step of forming an exhaust manifold
20 comprises: '
forming an exhaust manifold shaped structure from the mixture of th_e' pre-ceramic
polymer resin and the reinforcing fibers coated with the interface material by placing the
mixture on an inside portion of the castable monolithic ceramic material.

25 20. - The method of claim 1 wherein the step of forming an exhaust manifold
comprises: |

forming an exhaust manifold shaped structure from the mixture of the pre-ceramic

' polymer resin and the reinforcing fibers coated with the interface material by placing the
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ceranic
mat eri al

mat eri al .

form ng

mani fold sh
resin and t

pl aci ng

mat eri al .

resin and the reinforcing fibers coated with the interface

by pl aci ng the m xture around the cast nonolithic ceramc

10 25. The nmethod of claim 11 wherein the step of

an exhaust manifold conpri ses: form ng an exhaust
ucture fromthe m xture of the pre- ' | ymer

E\&S%ﬁf OI’CI ng fibers coated with the mterfacei’ﬁg@géﬁﬁéfmby 15

the m xture on an inside portion of the cast nonolithic ceramc

26. The nethod of claim 11 wherein the step of

pol ymer

form ng an exhaust manifold

conpri ses:

form ng an exhaust

mani fol d shaped structure fromthe m xture of the pre-

20 ceram c pol yner

resin and the reinforcing fibers coated with the interface nateri al
pl aci ng miRturé &hw:eom@ndmpmtoﬁ eetheotdstabile Mhoridlighie apramiz atdrial.C cer
mat eri al . 27. The net hod of clal m 11 wherein the step of
formng an exhaust mani f ol d conpri ses: form ng an exhau
mani f ol d shapggd st #

resin and theﬁfel n#“g@féﬁg@ iogemrléslhﬁggvg%féw%% ?%ge?fﬁ{ogw erra
pl aci ng tbmpnisas:ure around the cast nonolithic ceramc material .

by
am c

st

eerx[ﬁgh& YFEFJ

29
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reinforc
conpri si

por es sa

gﬁyrvmvi%gggr/: Q:Z%’st manifolg gha p% ﬂf%up fﬁ‘b‘@rtg? mié-tqrg gf g}eemfe-qqrgg‘fc
palyPeeraasin aﬁﬂttheXemmﬁﬁg fitsers coatdtiowith thentédack materiil be PR the

cast npnolithic ceramc |iner containing
l'"ﬂ?‘ﬁt'%@’%’tqwﬂ%? thgtable mEEPW%“ﬁSW"?@%r nin a ceranc state;

reinforcing fibers coated with an interface nmateri al

f or

preventing a pre-

ceram c polyner resin from adherin
an exhaust ma@2f ol themasad afraieim

7

strongly to the reinforcing fibers;
ewherrepm&her stom of farming ancameusEmagifold o

pre- cqroa

i nterface

16

20

gbﬁ.lprggbgrrer resin and the reinforcing fibers coated with the

forming an exhaust manifold shaped structure from the mixture of the pre-ceramic
polymer resin and the reinforcing fibers coated with the interface material by placing the
mixture on an inside portion of the castable monolithic _ceramic material.

23 L]
comprises:

The method of claim 7 wherein the step of forming an exhaust manifold

~ forming an exhaust manifold shaped structure from the mixture of the pre-ceramic
polymer resin and the reinforcing fibers coated with the interface material by placing the
mixture on an outside portion of the castable monolithic ceramic material.

24. The method of claim 7 whersin the step of forming an exhaust manifold
comprises: '

forming an exhaust manifold shaped structure from the mixture of the pre-ceramic
polymer resin and the reinforcing fibers coated with the interface material by placing the

25 mixture around the castable monolithic ceramic material.
25. The method of claim 11 wherein the step of forming an exhaust manifold
comprises:

20
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material; and 10 wherein the mxture is disposed on at |east a
portion of the cast nmonolithic ceramc material.
30

WO 97/07079 PCT/US96/11794

forming an exhaust manifold shaped structure from the mixture of the pre-ceramic
. polymer resin and the reinforcing fibers coated with the interface material by placing the
mixture on an inside portion of the castabis monolithic ceramic material.

5 26. The method of claim 11 whergin the step of forming -an exhaust manifold
comprises:
forming an exhaust manifold shaped structure from the mixture of the pre-ceramic
polymer resin and the reinforcing fibers coated with the interface material by placing the
mixture on an outside portion of the castable monolithic ceramic material.
10

27. The method of claim 11 wherein the step of forming an exhaust manifold
comprises:
forming an exhaust manifold shaped structure from the mixture of the pre-ceramic
polymer resin and the reinforcing fibers coated with the interface material by placing the
15 mixture around the castable monolithic ceramic material.

28. A high temperature resistant fiber reinforced ceramic matrix composite
exhaust manifold for an engine comprising:
a castable monolithic ceramic liner containing bores saturated with a pre-
20 ceramic polymer resin in a ceramic state;
reinforcing fibers coated with an interface material for preventing a pre-
ceramic polymer resin from adhering strongly to the reinforcing fibers; '
an exhaust manifold shaped structure formed from a mixture comprising a
pre-ceramic polymer resin and the reinforcing fibers coated with the interface material;
25 and

wherein the mixture is disposed on at least a portion of the castable
monolithic ceramic material.
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