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Hydrogen ToEss02320 BACKGROUND OF THE | NVENTI ON | npCvrsysoserisact ur e
of sem conductor devices, the surface of the silicon wafer nust often
be oxidized to 5 forma silica |ayer ﬁnd£he suifacg One conventi ona
manner of achieving this is to place heat ed,

uncont ani nat e BACKRGROUNSr OFaMHEJ INVENGEOYs tube - and inject a highly pure

wat er vapor into thg &mﬁpﬁ&%ufacth!ﬁeofTQQmEébﬁdW@ESE &é@@&e&ontﬁﬁts and
reacts with the 10 surface e wafer esrred silica

Q d
| ayer. surfiace, 9o 5?1&&BBrWP§erBP§§IPfgePeQFe8x591§ed tonydrogen
torch systsamdrmned @illfiea layernoar thet sugd€aock. onéﬂeonweneienhmlﬁed
Figures 1 an r L .art n ' Gal ving.a hydrogen
inlet A and Ol}é"o}ee,s%r}t Ig 33‘?'% (t).'>t<13l/ﬁer1!g| QF %Hé ?g 14 fhi s system
delivers oxyg@ma&%ﬂ:hw&m&y&#mnna§§§aF&P§a§99§aﬁﬁliﬂéoatneocessptebess t ube

(or external Qﬁﬁpﬁ§i@%& ahaTesny, Wbﬁr%h&er vabbﬁsinﬁésﬁﬁeabﬁoﬁbégd at
t enper at ures 3_1 e a out 600[ err

t
produces a co S Hure; tWBR°ﬁhF8HtP8§§% gnggggﬁtﬂﬁﬁg ggeat
| east abaug surfhzeopirmp@ watkeer tovpreducepthe desired sildoa layer.

conventi onal hydrogﬁ.{g=u 2 at%%hg&evgggglPga?egﬁca%lgoggghEgelI grca t ubes.

However, the t exi rogen ry t ube
of t en reaches hyidriogen torch gys&em hoysedr Fethethslgmr pryoptsifpsof

tenperature CaHy pdcess \Mule thngheeer at aaapbegeeeanthgriea‘oaﬁl on

chanber causes .the t | ca _del L v be srn e

initially rehﬁﬂﬂé}jﬁﬁﬁq bﬁggnﬂhﬁch §5ﬁg€% lﬂgﬁFa gPﬁéet

sem condu& or Bnammﬁa@munmugeprauést @ndnﬂOoutéeanDualmylsaayshgmthe tube to
| ose both di neqsiiges! en, endl Hyakubah LA SUpbiet! Berglisizaradiag s
ability to - proper 3eP'ver t y o
hydr ogen t or cRESRES (or eﬁ@@EPéBe& Pé igndrhasber) hewheseinor

perfornmance URiRise gases are mixed at temperatures above about 600°C.
The high temperature mixing produces a controlled
20 combustion which reaches temperatures of at least about
1200°C to form water vapor.

Some conventional hydrogen torches are complicated
monolithic silica tubes. However, ‘the temperature at the
exit of the hydrogen delivery tube often reaches at least

25 about 1200°C. The severity of this temperature combined
with the steam atmosphere in the combustion chamber
causes the typical silica delivery tube to disintegrate,
initially releasing silica particles which can
contaminate the semiconductor manufacturing process and

30 eventually causing the tube to lose. both dimensional and
structural integrity (thereby degrafiing its ability to
properly deliver the hydrogen). _ :

Another family of hydrogen torches has been
developed which addresses the need for performance under

35 such extreme environmental conditions. In particular,
silicon carbide torches which can tolerate the high
temperature, corresive environment ®f the water vapor are
now available. However, relative t® silica, silicon
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35 such extreme environnental conditions. |In particular, 5|I|con
car bi de ygoghR% Wi ch can tolerate the high tenperabéfgmmﬁﬁyﬂp5|ve B
envi ronment of the. mater vapor are now avai l abl e. However, relative to¥
silica, silicaon,

e
PCT/ US95/ 0gg9pide 1s(ﬁﬁ§ﬁ qﬂ%ﬁa?ﬂ'PFP@EPF*PGeh&HUFQFP&F§ in conpl ex
shapes and slsapemraridris mherefmensiore expansive. to makéccordingly, there

oo 1 On; AR Yhere ISR AROLEOAAN TR o

envi ronment at reasona I's easi
OF THE | NvERrigly can operats ri'h@éb%?@@%eﬁwwmﬁ’é'séﬁt reasenePd®, there

S 5)rov¢@gl aihd B el 1y efanubadtiBeldqr conbi ni ng two reactive
fluids conp | ui d deI|very 10" tubes, wherein;
a) the oute % %‘@Mﬁ"ﬁ mat erial, and - b) the inner

tube conprises dlmscaetardrnas walth the pmesmm‘ dmvesitdiomo ditinetres ist he f| rst

and second ﬁ?é\?{dé"cisa £luidde RS t%hw %dni&i?ﬁn%art%de
respectively, and 15 _ are connected t et reverse ball, joint
connect i on. féac 1‘EES‘(§:&’F§H G@Wiﬁ‘]@‘ﬁll@]ﬂl’ﬁand outer fRuda detivery prior
art hyﬂoogeﬂubégucﬁhékéﬂnyl - typically used-for silica nonolithic

desi gns.

anot her prlor en orch desi gn
typically used f%)r %}f | eﬁi) bﬁ h|°(§“prd'§s ¥1rsl3:yma%% tl dS presents
one enbodi nent d) tthe hlﬂtle;gewbe commaaesofa tﬂe@qmdemmenm\]ent i on.

Figure 4 pr?ﬁeﬁéfé’rf&/&”é}ﬂ@éhltﬁr@& Oftﬂé"%ﬁrs‘izsm %'@_codd“‘ﬁ\% R1gonnect ed

to a process tube. d l_lpresen,ts an enbodi nment a reverse
bal | J%Fﬁtf%%ﬂ%é%¥}%ﬁﬁ an 5111co carbide, - respectlvely, and (

15 are connected together by a reverse ball- jOlnt
connection.
DESCRIPTION OF THE FIGURES .
Flgure 1 is a prior art hydrogen: torch design-
typically used for silica monolithic designs.
20 : Figure 2 is another prior art hydrogen torch design
typically used for silica monolithic*designs.
Figure 3 presents one- embodlment of the hydrogen
torch of the present invention. - '
Figure 4 presents a hydrggen-torch“qf.the present
25 invention connected to a-process'tﬁbe;
Figure 5 presents an embodiment of a reverse ball
joint connection.: P : L '
DETAILED DESCRIPTION ‘OF THE INVENTION
The torch of.the”present invention provides a heat
30 resistant material, such as silicon carbide, in the
regions of the_syétem where high temperature resistance
is important, and silica;inpthe'regidns'of.the.system_
where ease of fabrication is:important. Accordingly, the
torch of the-present'invention is=easier:to.manufacture
35 (and so is_cheaper) than the monolithic silicon carbide
torch and more durable than the silica monolithic torch,
yet possesses the drawbacks of neither.
The second material compriéingrthe inner tube should



DETAI LED DESCRI PTI ON OF THE | NVENTI ON The torch of the present
i nvent i on wioxeéiogms a heat 30 resistant material, such as RGCTUSISIH8TAr bi de,

in the regi ons of the system where high tenperature resistance S
| nportant, ang, S'Hfaat staffo8s QEeEh€a§¥§tEahtalnlﬂeeéﬁvfféﬂméﬁt
fabrication i S 1nportan ccor resent

invention is ééé@érlﬁésﬁaﬁGPHEt&?gogg W1F5ﬂ3t5819§1€h€%5Er§egﬁgﬁth%n
nonol i thi c si litc@hovdabibdegas tightchndndonsistdaseeheiabpy bbeesthera

ronol |11 05 pursyehiR983R-B83010E ShRVBAREFRAT vIER DELicon,
2 W5 96 purity silzcon carbide coated with CVD ®LYioSn5/ 08775

be able to W thsk3ng aowah%hoﬂeaacceebagmmeoﬁn&ai—amentpreferemﬁt | east
about 1200[ er ni,f.i cant deqr d be gas

r Wit Hout si :
TPoht and condhe: Ssddaan Srrpide” I8, FBYSERR™ (RRY i raaryetaliifesn car b de
|npregnated\Msﬂirmbhlcambidé haghipabiléyfsohi the NarboneCompany ofth CVD
silicon %%?@ $exOf nolithic CVD silicon carbide. Preferably,
the silicon car e STAR (TM recrystallized silicon carbide,
avai | abl &9 r om t he INoAsoplsonpantensplated tpatcother hpatipesistant|t s

1 con L E g LB a B o el e

i nner tube ei ML %rz de,can Hﬁnﬁpgﬁﬁlngﬁg gBaEPﬁglnPﬁrsEHE e cfibbRfFent s,

t he I Nneragt abmonoljithsexr asbaseocatiaglc Inat somel embddiméhts, cbhéi ng

t her eon, “her%b@ﬁ&h%u%ﬁﬁhb&gr&§e§'EhﬁssEDESrﬁHES mater?él”%ﬁ& %?”perat“re
materi al . €

resi stant than ) ) . } i rst
mat er i al 1Sonpracstigs faegeosy WheredantBe coating is either more pure

or more temperature resistant than the base ceramic
material.
The first material comprising the outer tube can be
any silica which is easily formed, is of high purity and
20 can withstand a water vapor-containing environment of at
least about 600°C without significant degradation.
Preferably, the first material is a glass. More
preferably, it is fused silica. _
In one preferred embodiment, as presented in Figure
25 3, the torch comprises a silicon carbide tube 1 and two
silica tubes 2 and 3. Attachment of these pieces is
achieved by the use of a double-sided ball joint
connection 4 which holds the silicon carbide tube 1 in
proper position with respect to thg'silica tubes 2 and 3
30 and provides sealing for separation of the different
gases flowing through the system. éhis ball joint
connection 4 comprises a silicon carbide ball section 5
(which is integral with silicon carbide tube 1) held
between two opposing female silica sockets 6 and 7 (which
35 are integral with silica tubes 2 and 3). The first
silica tube 2 has an inlet 14 to accommodate the flow of
oxygen gas therethrough and is large enough to allow
passage of the silicon carbide tube 1 with enough
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any silica which is easily fornmed, is of high purity and 20 can mﬁthstand.f

a water va or-contalnlng envi ronnent of at | east about 600 err]C e
wi t hout &‘Sﬂ‘f 428, nt degr adati on. Preferably, the fi rBETHESOBTAl is a
gl ass. More preferably, it is fused silica. In one preferred

enbodi nment , @beqmmtwam oxygenr eaps £1lo®, thireughr thecanpullass a silicon
bi de tub
carbi de 1 UbGsdle 1 2 é:nb r%'lhecaﬁ?@%agoﬁgn@h Igégégcpgﬂ&aofwﬁaeﬁe

pi eces is e use o

connect i on. ARgh 1§WFF@5n°€aFBFd§ ﬂ&ﬁ@nlcﬁﬁbide tpbgpdr position
with respect?ﬁ(tﬁéubppdsuhe EMbes dfatfle3£30st amdiEEOtuBﬁszseallng fﬁr
separation of the ren S o rough the_system This

bal | j oi anoéi'xceorﬁr{:fetn} i o%n cket %l%sgélgbm Pﬁﬁsﬁgegpbfh-aeabgr?écsga ion 5
(whi ch i s i rtuhg afnoti tsmosm)u wnwbaucba thet absir)edhgbmbustloneWMén two
opposi ng fer@é&:sl Im‘easswﬁat %iﬁi%%dt?xb@"’@' fls38n iAigt] ﬁlhe%a wth silica.

tubes 2 and 3 The fir. tube 2 has_an-inlet

accommdat e 3ROIBIALS o f¥&¥y§€n5§ °9ﬁ€r8?ﬁr38§ﬁe§HH°P9hlaF@e enough to

allow mgmbﬁdmdmts | lacd:hetrmolmbdpleuhe 1swau.boenousbd with
3 1 9@4 . PCT/ US95/ 08775
cl earance tha oxygen can fIOM/through t he annulus .. defined by the

i nsi de di amet er defieyxing nOwsitio] Figuree42 the siddconecaubidectubanet er of
the silicon rajdy ¢ 1ierfhl which a&tlowge 1@PReSkkeefRdthrohghhenbi rst silica

tube 2 is 5 ot her, fenal.e. soc al l ow connectj:on.-t0.a process

Lube (not SHOWAE SYLiAR Gbeng @B AokooanBUSERER FEPP 11 sOoLBAF. The
second sil i ckhe Hyslrddeas ea!enq:l.lngt frém the tipaendnapdst eheheilliesnof A
hydr ogejg gasg é{iﬁ&é i i propeﬁ%o%gt&‘eg' Wikhin gnbhpianegyrie 13 is

al so housed
tube 11. For ease of assembly, the outside dlameter of

silicon carbide tube 1 and tip end 9 should be able to
pass through the“first'siiica tube 2. Various
conventlonal conflguratlons may be used at the tip end 9
20 to control and dlrect the ‘flow of the exitlng hydrogen
gas. ' o
Due to the small siZelOf”the”siiioa tube 1eading to
the ball joint connection as well as the flow of room '
'temperature'gases'on'eaCh side of'the'ballsjoint
25 connection 4, the temperature at the 5111con carbide ball’
5 at the ball jOlnt connection 4 w1ll typlcally be less
than about 300°C. ‘
In some embodlments, the silicon carblde tube 1 has
a 13 mm oD, an 8 mm ID and a 300 mm length, the silica
30 tubes 2 and 3 have'zo'mm'OD's, 15 mim ID’s and 50 mm
lengths; and the ball joint connection 4 is 28/15, i.e.,
a 28 mm diameter sbherical_Surfaceiﬁith a 15 mm ID
clearance. o S
The connective ends of the present®invention (e.g.
35 element numbers 5,6,7,8,12 and 14 of'Figure 3) can be
a de51gned for any typical connection commonly used in the
semlconductor manufacturlnq industry.: For example, the
connectors can be of the ball, socket, taper, or flange
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10~ the torch. Referring now to Figure 4, the silicon carbide
tube - ° voloes2320 | ength which allows it to extend through RATASIS/08778 i r St
silica tube 2 and into a process tube 11 so that t he hydrogen energi ng

fromthe tip %%91%t9fahﬁem§¥'b&oeoéétruEEéa'Q?asSﬁg%ﬁtEEFEEOBSELXgéocated

wi thin the procéss ease 0
di ameter of Preferpbdyn baldi deintphecnngriiepp ake BegﬂoEPﬂeEBeEbWétPo

pass through @hanha&atm&thucalhube 2. AlﬁhbuQuSFlgureeOBVSﬁalmnabpear

f b | h
TPow of the okcl BhgUsiReE petveds kbR 810 Baf? anflsifibhoschRPEd, [ SE' i "¢
the silic#® tulis undeénsgood theset konpectorsi arecprecision g:ouadlsas the
flow of room ¢pat &qgaara&q&enaes§asent§§sn gl #Re! anﬁ F?ibb JObn£1ﬁ§

connection 4, the tenperature at 111 con car
bal | joint comi¥cbeoNsgd,\to ephancs thepsepdsef the badd 38dBE 300C. .
I n some enbodiconnettitche difl degired:bi de tube 1 has a 13 mnm OD, an 8

mm | D and a 300 t SI|I and ave 20 mm OD' s,
15 mm 1D s and Sgwkﬁsggeg Pe% Phs dg%ﬁggFﬁeg gﬁeio?ﬁ?n% Eﬁgctlon 4 1is
28/ 15, i i®. , conne@tg&gnﬂngsan@ﬂer vpheriadk Suff tubewit And siliéval D

cl earance. tube 2, E@%mganaeﬁ&evareadsaﬂi §B§n€re§ﬂﬂ&ctmsgﬂt'0n (e.9. 35
el enent nunbers 14 o ure can ned for any

12 and
t ypi cal connegwﬁﬁﬁf@GWHDﬁ#§°u§BdaFﬁ°Fﬁégce Wi BnFBSnHHBFBFtnﬁHHFBE%BPrng

i ndustry. Fortherenilse prokvdded a ranaesé05a1maﬂobﬁto&ohhecbabh socket,
taper, or fla

PCT/ USoB) 087785 ining, a multi-gluid SlégﬁEYrﬁngﬁmby %8%$5¥$%%6é$%3€8h0d5

i5 Figure 5, thls reverse ball joint connection comprises:
a) a first component 50 comprising: _
i) a first tube 51 having a first end 53, and
ii) a first hollow hemispherical projection 52
opening outwardly from the first end 53,
20 and
b) a second component 54 comprising:
i) a second tube 55 having a first end 56,
ii) a second hollow hemispherical projection
58 opening outwardly from the first end 56
25 of the second tube 55, and
iii) a third tube 57 in fluid connection with
the second tube 55, '
said second tube 55 having a larger diameter than and
essentially concentric with the first tube 52, the first
30 tube 52 being fitted within the second tube 55 such that
the convex surface of the first projection 55 forms a
reasonable seal with the concave surface of the second
projection 58.
In contrast to the conventional ball joint
35 connection, the reverse ball joint connection of the
present invention defines an annulus between the tubes
suitable for the introduction of a second fluid which can
flow within the annulus isolated from fluid flowing
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Preferably, ball joint connections are held together with st andar d

net al &P Although Figures 3 and 4 appear t o show space between’the"
Sic baII NA$02320; ¢ o sockets, it 5 i s under stood these PR are
precision ground so that fluid will not .pass through the connecti on.

O rings wuﬁﬂinb&hesddnbm tnbence the seal of the ball joint

connection, if r | nmeans
for 10 connectln &éﬁggFﬁPFg?éal m%?g féf ?g%léigiﬁé 9&% §1f£¥§ t ube 2,
ternmed a "r &péy §d1lggen FéFHtldeoﬁﬁBEPFBﬂts of thejpresent 1ave@tiw=
accordance ‘alyhbehguptanayt usegention,: - “there is provided a reverse
bal | j oi_nt nnecti o def i

Referrjﬁb Nt 8*?§P&3F|§BPe°§SE?H35°Fg§é?883 a?glgg?ﬁrgr%hﬁ%%t§g¥Ps

conprises: in plasterajpolds hsrdiscdopedein 8BS BatentsNog: 3,951,587
1) afirst g ihﬁa&eggitoeéga&sﬁpdﬁ; b@'ised to make 1) a first

hollom/henlspherlcq prOJe enlqg out war dl'y
fromthe fiSdlicqnized sdlicon carbide tubeﬁnd However, Wb?“a.%%cond

fc_onrponent S5desined SIilmgtube 'is small (i. e)h 1asseﬁnaﬂ iﬁb@tﬁ?fmlm a
I rst e W,:nemnl Lca rOJectlon
iREEaT, 2PAssr heoh] HpRCRESEE S nk iR IDTERLS

58 ope ng outwa Ythe _
second t ube M®¥elakgchniques have beEhl}danthfledtubECBTmonefteluahbmnect|on
W th achieve these bgglgecond tube 55, - sai d second tube 55
having a | arger di aneter, than and - essentially concentric_with the
first tube 52, tH& PPF%Pcﬁéar'tEBErﬁzlﬁeFﬁﬁ Prevideqd; inj aceerdaneend t ube

55 such thatwith thiehpresentx iavehttenoh ahelﬁl éastprﬁeeﬁysﬁﬂlﬁﬁzé@rﬁs a |

[ easongy o Wdlic RathiRORERKR 8 hEAERG oL bl S ofrojection S8.
6a ﬂ 3 C 8 ?f%ﬁ

In contrast conventi ona he reverse
bal | joint é@ﬁ#@@ﬂ apoyt Ord5 and pbggtnﬂ mmvendlenrqenlhempenatmnelus

between the 4 lﬂéﬁ.&t £lexbe! slalrent;eh beeatniegduchbeatobse mpgond fluid
ghlch.can prefer;giy %QIQeas% k“%gbsﬁpgfEdn£L8”£LL¥é9aL1€T”Q e
ceramic also possesses a 1200°C- 4.point flexural strength

20 of at least about 300 MEa, most preferably at least about
375 MPa. In some preferred enbodinents; this novel
ceramic is made by a process comprlslng the steps of:

a) preparing a plaster mold,'
b) coating the mold w1tn a casting retardant,
25 'c) filling the coated mold with a silicon carbide
' s11p hav1ng a bimodal graln 51ze distribution,
d) dewatering the slip through the mold to produce
a’ casting ‘having a thickness of between about
0.75 and about 3 mm. '

30 For the purposes of the present 1nventlon, a "drain
cast" sic ceramlo ‘includes products’ ‘made by drain
casting, slip casting or pressure casting, wherein the
products possess a relatively smooth surface and
1sotrop1c grain orlentatlon. Accordlngly, "drain cast"

35 products do not include 1njectlon molded SiC ceranmics,
which are characterlzed by strlatlons along the surface
of the extrudate and preferent1al graln orientation.
Similarly, a “recrystalllzed" 8iC ‘ceramic contains
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WO 96/'02320 PCT/ US95/ 08775 wi thin
t he | nner WQ962320 Any conventional neans for fabri cRCTAEINIIETSSi | i ca
and silicon carbide conponents of the present invention may be

sui tably Usedeséentfﬁlfmﬁe tda o teried daeéalxmd%c%wec%ccar bi de
slips Iast er nDl‘J%lrFaXS/ di scl osed I n_US Patent . 951, 587

("the Alli egr‘c') TRBLER SH Nhodies hays |b(%*|’|'t E@Gcﬁlﬂ“con
car bi de t ubessintéwed eritinisdliidon and szbes:armtﬁ arindaetell Treld (i.e.,

| ess than abogé gghrg% %af% ndiameter and/or |ess than about 3 nntln wal

t hi ckness ove ni ques have been identified which nore reliably
achi eve these goalEt has been un%mﬁa@m Found fhat wheno @ AawaNdym n

acc:)r dance ba]aﬂﬁité t&azf]mgerﬁs |di!tﬂ{1}d&i€ﬁ:cﬁ l}ﬂfe’s"ﬁlast%&t mdlatcr;ﬁto&t EﬂoztedOl&;S
silicon carbjde c m c a .\wa ckn Weenaou
and about 3 ntﬁtaﬁ%‘? g?’o%‘ta%rﬁ%r fhhPe 2 4 U "ﬁa]‘nt aﬁté'ﬂ?r M hgt h of at
| east about 2&50itdlsle strerpgﬁf aregblbe atadesast talicu krzith IWatheMatrd:
preferably, t exur al
strength 20 £ﬁ§ at ?east about %3 qNP -~ nost %%gggggb y at ast fiaout
375 MPa.10|n high dengi¥ed *@rﬁ?b(ﬂ%té’ qatﬁ"sm&ﬁ/e(ll e., ahouni&S% #fmde by
g) procests COMplié Gt ¥ A cﬁéﬁi‘ty@f ‘are typlcdallq;) achileffed ibyd ua-,:.rit Ialter mtolhd
coating r | ing the
coated nold V\#{Il%é;anisﬁﬂcﬁdn e%%%%’e%e e %am,s ‘FP’S‘H&%&?Y 2 30i modal
grain size dhberonskiBHill in the voidls crgatede kiyndhehpackiing Imfou:gﬂe t he
mol d to produggarse gralns R

gpﬁ:a@fﬁ;t '%d@‘ﬁ&%&:‘dﬂs@k”eﬁé et ygen
about abaut pur pdses of the
present }hvent$ se k’&ﬁ"&? hat plagher §fcRagismimeldsc rFge £SXHWERELY nade
by drain very porous (i.e., they contain pores which are 2-3

microns in diameter). Therefore, without wishing to be
tied to a theory, it is believed that the porous
~ plaster’s high porosity deleteriously affected the
20 casting of such bimodal slips in twe ways. First,
capillary forces generated by the interaction of the slip
and the porous plaster yielded an excessively fast
casting rate (i.e, a casting having a 1 mm wall would
cast in about 0.5 minutes). This excessive casting rate
25 prevented the proper ordering of the bimodal slip at the
casting front, resulting in non-uniform microstructure
through the thickness of in the casting. Second, because
of the initial_fast casting rate, the SiC fines are drawn
to the slip-plaster interface, resulting in a casting
30 surface predominated by the fine fraction. This second
phenomenon is belleVed to be the cause for the orange
peel appearance of the prior art castings.
Without w1sh1ng to be tied to a theory, it is
believed that when the casting retardant coats the highly
35 porous plaster mold surface, it reduces its effective
porosity and permeability, thereby slowing the casting
rate, promoting an ordered casting'and increasing cast
density. Its also retards the penetration of the fines
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casting, slip casting or pressure casting, wherein the products

possess relatlvely snoot h surface and i sotropic gr tion.

Accor di ng‘VQ AB2% n" cast” 35 products do not include inj gg?’ll%%y@gf%ed Si.C «

ceram cs, whi ch are characterized by striations along the surface

of the ext r udxaetind pntbetbﬁtmaldgrﬁhhsoﬁleVHEGdﬁhe finessi %@ |R®|y, a
‘recrystallizedsine@ 1ﬁetﬁ€‘€a§€ﬂh§'”fesultlng in a smooth finish 6
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essential |y A&%r &BersEOER kB 8REY ﬂB%dlﬁ%}ﬁﬂﬁeS| ceramcs in which

carbon green bodlEheh&astbagnretardanh may beianyreocating whic¢kon and SO

t t
Cnexpect da y Hece st B peroBItyoaeotnd pofbls phaster. co*fﬁ*ﬁg’;;% frol i ed

to the plastdit s @mpondum gr sodiup: PéaaEPFﬁnOBfP?Héaew An wal |
casting havi Mpre preferadlys itr¢sgahmsnyuhcalgiinateé! i Bypbeablyp ite art

that a primary concer L0 castln e t ity.

H gh density %¢a §F¥ﬁd§ §9h§55ggyéigh xﬁﬂggr% %%&P 8ensgtf'9 Qgre

typical |y aclabontd (bpluamdgabout 1.pi wéaapfsthe, sqmtépn.tnsefeﬁé Yai ns

(typlcaluy 2-3out 0.93C49es) fill in-the voids created by ‘the- packlng of
coarse gralns ?? plcally about 50 mcro % FQ L

aI so known that plThe &1 a&%eﬁapﬁ"édnﬂfd§h3r BrPrséaﬁeﬁ ygntion 9§Py ﬁo?ﬁ&s

(i.e., they Qﬂﬂ&ﬁhﬁqﬂ@ﬁﬂiywhseh dne the3castingi artnsPrafdrabiyei}. is
Ther ef or e, mntho t mnz? %% ﬁgnggglF&gggﬁggeipbggggygffgbbﬁ bgl i eved that

t he porous s % ous ecte the 20
casting of sumicﬂpnﬁxin Sﬂﬂeps Prefpyakdys. itrhasta 603 CERFLEEBRFYS or ces {

gener at efl by the 'Tﬂeefsaqt;i OF Qfmfsh%si:léd% of thanértabanﬁomvanﬁhaat er
yi el ded an excessi vel a_casting having a 1 mm
wal | woul d typlcallQ/comprlses a %1m63%1 t&lbutlon compr951ng
between ‘about 45 and about 55 w/o coarse SlC grains with
a partlcle size ranglng from 10 to 100 mlcrons ("the
coarse fraction"), and between about 45 and about 55 w/o
20 of a fine SiC graln with a s1ze dlstrlbutlon of between 1
and 4 microns ("the fine fractlon“) Preferably, the fine
fractlon has an’ average particle size of about 2-3
" microns and the coarse fraction has an average partlcle
size of about 60 mlcrons.
25 " Other components of the Sllp ‘include conventlonal
additives such as deflocculatlng agents 11ke NaOH, NH3OH
‘and Na28io3; water present 1n an amount of from about 12
to 16 w/o solids, and acryllc binder present 'in the range
from about 0.25 to 1.0 w/o sollds.
30 ~ In one especlally preferred embodlment a silicon
.carbide m1xture conslstlng of about ‘48 w/o F240 51zed
green silicon carbide hav1ng an’ average size of about 60
mlcrons and about 52 w/o green 511icon carblde having an
average size of 2-3 microns is prepared. To this mixture
35 is added a deflocculatlng agent (NaOH) in an amount
sufficient to achieve optlmum deflocculatlon. Water is-
then added to prOV1de a v1sc051ty of between about 500
and about 750 cps. An: acryllc latex binder is also added

8



cast ih about 0.5 minut es). This excessive casti ng rate 25 prevented the
proper’ or dBi0 96§23 t he binodal slip at the - casting froPET/UBSHET™ ng in
gon- uni form m crostructure t hrough the thickness of in the casting.

Second, becauaﬁ an am@ﬁn{:héf'ﬂb&ﬁ@'of?@twﬁélséf Neheé ds1idde THedd nes are

dr awn pl ast er terface in.ac stlng 30

sur f ace predoﬁ?ﬂgfﬁﬁng§ #he **ﬁ f+%ﬁ?|?ﬁ}{ W¢#t'éﬁiﬁﬂ1 s be Phenonenon i s
believed to bev&baateﬂsﬁofmn@t@m bewelcof betwe=sn ﬁhnntuZﬂuzndﬁB@he pri or
art castings. t t t gggé it is
bel i eved that* tﬁ% %ﬁét?ﬁfir%ﬂ§$%§9¥ £é£§% %é?héfh 4 7 por ous

pl aster nBld surfaﬁencﬁr‘?%'ﬁhtesal?%a%?@éd\‘?% with i)o? @gn%:\:ﬁﬁency
permeabi lity, jkhgbgb¥aswovhng 6e3gasdéigion of rai:eonm:@rw:gﬂga@él or der ed

casting and |jilgr easwg gasapped oggnsyyhelgost‘gl SQ r;ttrdsﬁt39 genetratlon

of the fines
PCT/ US95/ 08778olutiofirist powrédtintte fibll thmmwaitmw r@plmlmdnrm to be

retained in tBSPﬁﬁﬁﬁéfgy 5&ﬁgat%%gtﬁg RoBd0R s nlherefore,

in easy nold re e castlng retar ant na %e a;g coatlng

whi ch 5 10y eddEEsrt haepppldihgs o?e?mefh%%%swmwamaw ¥ abl v,
i s anmmoni um omﬁﬂdeym thei esgaewrrmd:ve&raﬁd euesléblutlon Npr£imeef er abl y

it is ammnlumalg y IS a a gueous
solution in an ano %Yaﬁ@%§kﬁﬁﬁé is %&&Rﬁe?)iﬁ.é#%iéﬁ%ﬁf n"(‘f@v\ﬁ’o of the
sol ution, preménabes nnlora‘b@uinﬂrwwimn of the slifhe rhetmoldmisi of the
present '”Ve”EéBQpﬁé& Qﬁdaﬂﬂe s dpéxY:PéﬁaixW Usedl éé’viifes O# cf‘”

Pr ef er abl arls and has c annels out 2
m crons F% S|Eéme F?e?%?%ﬁ@?nt ?nhgst%.QES%?&QE%%%%HESACKn@SS and Sllp

viscosity. At a desired viscosity of 750 cps and
required nominal wall thickness of about 1.5 mm, the slip
is allowed to remain in the mold 4-6 minutes prior to
removing the cap.

20 After the slip has been drained from the mold, a
small amount of de-ionized water is poured down the
cavity to insure a lump free drained surface. The cast
part is allowed to dry in the mold for 20-30 minutes.
After that time, the mold is disassembled and the torch

25 is removed by using an appropriate stripping fixture.
This fixture simulates the outside shape of the cast part
enabling it to remain dimensionally correct during
drying.

The cast part is then allowed to air dry overnight

30 or oven dry at about 54°C for a minimum of 2 hours prior
to green finishing. The dried alginate skin is removed
from the cast part, the cast part is cut to length and
any final finishing is performed.

The cast part is now ready to be fired. The initial

35 firing step is conducted in a furnace which is heated to
a temperature of about 1950°C under a vacuum of about 0.5
torr in Ar atmosphere. After this.@hitial firing, the
cast part is prepared for one of two possible final



15 The slip of this aspect of the present invention typical I'y

conprlsegwégabgﬁga di stribution conprising bet ween gQﬁﬂ%ﬁ§ﬁﬂ d abouti}

55 W o coarse

grains with a particle size rangin

o 100

mcrons ("the, coarse fractjon'), and .between about 45 and about 55 m/o
20 of a fifRiring gteps WPich Jisidependant mn irartofsize wash intendedand 4

m crons ("thepplbeatios!i artijs éecﬁndéﬁﬂn&ndlytéplensxsté'&fﬂefﬂheﬁas an

average part

an aver age p%ﬁ{, ﬁ&@_u% @ﬁﬁz}gt o’?l %o&tt%g%%%nd t he WL Eactlon has

conponent s o¢°§hbmzl‘i'pth r\%ilmfeommﬂrebntde)namfter ﬁ:dda tsemdswalr.mg,
£He 288PE Sid I KEchBidd Y4 B@e £ naX Qi} Water present in
an acr

def | occukati
an anount of
present in t
one especi al

fromapout 12 .. to 16 m/o SO i c bi nder
he rapfEtcon carhide, papamios haying) qytside diametgrs of
bytyeeth calbeut ofrtart rebdut 205 ininl,C Preferabddr ikt ieX i,

In

consi ot1 19 Shnd Gyt Cplnddll Ydiben a3 P BRI CS g 19
car bi de havi PEeferably akettide ™ Arefoltadnakieoris asqorsdenced with t hi s

thes afiteheislef | deadutd HheA GHe | %@@ ddfﬁ%ﬁmstiﬁg " added to

m Xt ure185
sufficient t
provi de a vi

0 achle%§ eflocculatlon ter I S

SLRe t9F

?r%i:t‘\’)%% ng it BRRRote Fyekcady &pvghan acrylic

| at ex blnder"osangscpeeﬁﬂxtype drain cast surface is e11m1nated8and a WO

96/ 02320 08775 in an
anount’ of ab%%?ttp%éh%yln%ﬁ tﬁu?%ﬁ) %ﬂ?faﬁ$ is %;Bh jonents are m xed in
a ball mll which r@gst)eé;pflred éa%uazraslmd/acumq@Mnc@r with\sbe aboutl
27 and 3§ abov@CQ§§e¢ih N prad e ddlentod 9ttt ¥pibits ROWIK 5

Concurrently

0. 03@6solut|

. 20

25

30

35

bending strength of at least ‘about 7 MPa.' Its pore size
ranges from about 0.1 to 4.0 microns. Its average pore
size is about 0.4 microns. In contrast' the conventional
cast unfired, sic body has ‘an average pore size of about
1.8 microns. S '

Phy51ca1'and mechanical anaIYSes'were'undertaken on
the siliconized silicon carbide product produced in
accordance’ w1th the especially preferred embodiment of
the present invention. Flexural strength testlng was
undertaken on 4 p01nt quarter p01nt flxtures hav1ng an
upper span of 20 mm and a lower span of 40 mm. The
flexure bar, whose dlmen51ons were 3 mm X 4 mm X 50 mm,
was flexed at a load rate of ‘about 0.02 ‘inches per
minute. The room temperature flexural strength was found
to be about 296 MPa.: This represents a 38% increase in
strength over the conventlonal sillccnized ‘silicon
carbide product. The 1200°C flexural strength was found
to be about 375 MPa, a 60% 1ncrease in- strength over the
conventional siliconized s111con carbide product. In
addition, analysis of the variation in wall thickness was

'measured. The variation in thickness of a 1 mm wall of

the present invention was fouhd to be about 0.2 mm/m,

10
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The rmofd is capped off at the bottomand the al ginate solution is
poured in wpd6dab2ot he cavity. Solution is continual | y nduwdesws715he
nol d absorbs the solution. 10 After the nold has been filled with al gi nate
for 3 m nyt es, n tL0 a

The drai ned n§|§ %H%l%ﬁﬁgk§e§2”9¥§9e& QrLQOaEQLH be g gé éﬂgﬁt 1,1 mm

i ntroduction dﬁOPh§°sPP§t°mhe9ﬁB¥da|% mete?eéapﬁﬁﬁwanﬂntﬂ@n§¥$§trstbﬁured

into the CaV'Ebnvgﬂtﬁbﬂﬁllﬁllibﬁﬁlhéddgﬂﬁﬂdeﬁtcﬂﬂbbﬁéhcéﬁﬁmiéd val |
t hi ckness and_s d VIS 05|ty of 750 cps and

required non1Rgﬁs%ﬁﬁﬁdtﬁlxﬁﬁéEEXBP Bgoﬁg *slip is allowed to

remai n i nsthe nDIdTheGnuvamtEecpysballbzed sibﬁnunngarhtdeaceraﬂics of
After the S"QhQaﬁrQESBtdgﬂb@ﬂél§ﬁoﬂé§hﬁenﬁégg f? convéﬂ@i$n$ qrount  of
de-ioni zed wate S o I nsure unp free

dr ai ned surfa§é11¢ﬁél§&§t51li°°paF?rPédalP§m§30t60§t9d|%11ﬁ90h0¢§rbb@920 30

m nut es. i b abbu&bathahsglﬂﬁclﬁ?eng?tﬂosé dp?ﬁﬁ?ﬁﬂbbﬁg aﬂs%iage?01§h 25
is renmoved by_us p ripping fixture his fixture
si mul at es thev% %?gﬁgg ﬁg o3 5%? gsiast par-t enabling it to remain
di nrensional ly correct durlng dryi ng. : The cast part is then
allowed to air dry overnight 30 or oven dry at “about 54[err]C for a

m ni mum of 2 hours prior to green finishing. The dried al ginate skin
is renoved fromthe cast part, the cast part is cut to length and
any final finishing is perforned. The cast part is now ready to
be fired. The initial 35 firing step is conducted in a furnace which is
heated to a tenperature of about 1950[err] C under a vacuum of about
0.5 torr in Ar atnosphere. After this initial firing, the cast
part is prepared for one of two possible final

9
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firing st h is dependent on ended I | cati on. E
-Thi s secoﬁg%l“m(?‘i ﬁg step consi sts of I“mllm IIEIHMegnatl ﬁﬁ’%’ F1icon

to elimnate porosity or CVD coamgu/vl on car bi de. After this

second firinWe ckaime part is machined to its final dimension.

Silicon carbpde cgrgﬁfg @@1/1,;& g %dﬁ@greé:ﬁ?] about 4
)? 6)5é rﬁlr}g tﬁ"n cknessesq'eoet ween

and about 20 nm gij %
about 0.75 and ab rlsmg p’f’é’f%’-? ANY aHewrr fludd gelisteny nable in

accordance W th lBubéd) swheweitj on.- Because the casting is sufficiently

sl ow, orgdered casg ng i:l?e STt ?é g__?on]irﬁ/&pJ ceasl IQ/ Qugh m%gan peel "
m na

type drain cast sufacels el ot h
surface i s produckl.  the inner Aubeicompyisesl aocagpq:rrd)(hmi'nﬂ.accor dance

with the ‘15 2_8.b0m@ee§f)§@éﬁléﬁ/ cp_[@j,@rf %MI todedy ly_,{)ge a bul k
density of at Ieast about and_ a .four p0| nt . endi ng strength
of at |east about® ?ﬁ%e'btg{aeﬁsxz%f the fipfedaterdadoout 0.1 to 4.0
mcrons. |1t83. averlagesxstan of c]sama 3 winhmain Ghe ' it matdriaonly ast,

t he conysntlonal £0cer&ifd M¥dL e Si C body has an average pore size of
about 1.8 mcrons. ysi cal and nechani cal anal yses were
undert aken of+  Thegysten aﬁmqleam.a iwheresiar Hihde fimsthuetatemclcds | n

accordance with tae?m,cl ally pr ef erred -enbodi ment of 25 t he present
I nventi on. Iex th test, ngz undertaken on 4 point

quarter point?® flxlfﬁe %taﬁ}?rfbf aim %‘Jﬁ’pﬁ%fflﬁtm’ﬂ%léh dfer span
of 40 mm The quédesait:e:d).ar whose di mensions were 3 mMqMm x 4 nm x 50 nmmy

was flexgd ag, a |pgd éfér&rpf anguoﬁlﬂélcéﬁf&b %‘ooutm n teNPaThe room

tenperature fi exural en t Thi s
represents a 38%?9?&5’%‘&%%5|§1‘- icon Gardigien over the conventional

siliconized Bilicrme systélﬁrdr i dUGhertih LHGrinedX ¥hdle Strength was
f ound to be 4@3 é%é%ﬁ?l crease in s renqth over the 35
conventional sili conl zeas S ?tr% esp‘ﬁdtﬁf cagpide.  qdition,

anal ysis of $he VEhe :aystien roﬁ/\/a:lammllchﬂmxm&he outer tube is

20 fused silica and the inner tube comprises silicon
carbide. _

9. The system of claim 1 wherein the fluid delivery
system is a hydrogen torch.
10. The system of claim 6 wherein the fluid delivery

25 systenm is a hydrdgén torch.

11. The system of claim 8 wherein the fluid delivery
system is a hydrogén torch. -

12. The hydrogen torch of claim 11 wherein the inner
tube consists essentially of silicon carbide.

30 13. The hydrogen torch ‘'of claim 9 whereln the inner tube
consists essentially of a material selected from the
group consisting ¢£ high purity silicon carbide
impregnated with silicon, high purity silicon

' nitride, monollthlc CVD silicon carbide, and high

35 _ purlty silicon carbide coated with CVD silicon

carbide.

12



nreasured The variation in thi ckgm Iul | of t he present

i nvention WER%/@8¥Md to be about Hltw 1"“ ”'lﬂ”ﬂl PCT/USISNOBTTS

30 WD 96/ 02320 PCT/ US95/ 08775
i.e., the thi cxmessrwmﬁidgma&w et %mimalﬁowhei-elnrrmhe 1n(xieli'pth%e
bottom over a1 ter contrast, the ntiona
siliconized sili cgﬁ’%saraoefg% erazi’ii]c? seco{? s?@gseang \’;gftg‘F’Foﬁ E[\prd‘ﬁdﬂfg 0.6
mim 5 The andsheird dabsstial Ifilndd connectioar Miith theafiicstoend the
present invention rgy g}pe U q-_dgénvent i onal siliconized silicon
car bi de or_CVD coat | con C | appl i.cations, |nclud|n t hose
appl i cati ohs dt3cl (ﬁ?dsl? ogerU% §S’er?tf QFaim 34, wheyein the ¥hiFd 02320
PCT/ US95/ 08775 tuh&exszsnmlca. . Afluid delivery system for

conbi ning two act I §i,Ng.i nn d 1 fl
delivery 1€ # %ydﬁﬂgen tgyé%S%& %ﬁgﬁk ?4 Pﬁge Ht%ﬁ t%ﬁ coﬁﬂ ses
afirst materi aI ai-’rfd the inner Ubl)be possesses at goanecshori sedestedcond
material . Ve YPRp Cotigiisk iMIC6R B BQ@.l_?_UtaersoQ:'klé%

consi sts essentlall of t he |rst mat eri al . : he systen1of claim?2
wherein tHe first ReY g ang ajFlange. 5 ceranic naterial .
17. The hydrogen torch of claim 14 wherein the fluid

connection is accomplished by a reverse ball joint

connection.
18. The hydrogen torch of claim 17 wherein the outer
15 tube has a first and second end, the first end of

the outer tube forming a sealing connection with the
first end of the inner tube, and the secbnd end of
the outer tube adapted to form a fluid connection
with a process tube.

20 18. The hydrogen torch of claim 18, wherein the outer
tube has a first fluid inlet and the second silica
tube has a second fluid inlet.

20. The hydrogen torch of claim 11 wherein the inner
tube comprises a base ceramic material and a coating

25 thereon.

21. The hydrogen torch of claim 20 wherein the coating
is selected from the group consisting of silicon
nitride and silicon carbide.

22. The hydrogen torch of claim 20 wherein the base

30 ceramic material is selected from the group
consisting of silicon nitride and silicon
oxynitride. '

23. A reverse ball joint connection comprising:
a) a first component comprising:
35 i) a first tube having a first end, and
ii) a first hollow hemispherical projection
opening outwardly from the first end, and
b) a second component comprising:

13



4. The systemof claim2 wherej r|aI S a glass. ,
5. The systemof claim2 where |ﬂ| Elltl“ua rial is " fused - ¢

silica. 1M09/82320 The syst em of t he i nner PCRAIS95/08775 i
conprises silicon carbide. 7. . The. system of claim1l wherein the inner
t ube consi st §) essereééﬁﬁd/ Hibes ind ity C&’J‘rﬁx@% end, aha Ihe system

of claim 1l wherein'the, outer t ube éaﬁ'b‘fz"g'@ Lhed. Si I i ca .and .t he inner
tube conprises silicontd) seco W hemispherjgals projectdon 4im 1
wherein the fluid delivery opening outqand&y|ﬁramlgnk(njrst(nnd1of _ 10.
The system of claim6 whereify tdisddd!itdy I|very 25 systemis a
hydrogen_torch, 11. The sysi-em-of_cl.di m8 wherein the fluid delivery
systemi8 a ByifoFRFoRd Ewpe having a AarggrdHipmetes dhast andii m 11 wher ei n
the inner essentiallpecondentic asxantimd |84t Ydbeornardix@de 30 13

aosem DS k88 e Pho PGS HOBLE) I SAdUI U sugh, phas, 1L | o
high purity ebhveyrsenfatelcof the first muafpettion Midrmssid isead, withh purity

si licon the cofibhvé WurfBiR!df Nirfe @&2ctd Y e, and high 35
purity sili COneC%.?bl de coa’f'eoLvm th, CVD sili cdon &irlt&p ‘car bi de.

12 19[)9%¢02g§@e reverse ball jOlnt connectlon of °1a#ﬂ3ﬁBU895/08775
14. The hydr ogen wnezélmftlcé afm& vdrel aedecdrie odmpbnénﬁsa are made

from dlf ferent materlals .

25. The reverse ball jOlnt connectlon of c1a1m 23
whereln the flrst component comprlses silicon ' {
i5 | carblde. _
o 26. The reverse'ball 301nt connectlon of claim 23
| '_whereln the second component comprlses silica.
27. The reverse ball jOlnt connectlon cf c1a1m 25
.whereln the flrst component con51sts essentlally of
20 siliconized silicon carbide. |
28. The reverse ball joint connectlon of c1a1m 26
wherein the second component con51sts essentlally of
silica. . D
29. The reverse ball joint connection of claim 23
25 wherein the first component consists essentially of
_5111conlzed 51llcon carblde and the second component
consists essentlally of 5111ca.
30. A drain cast 5111con carb;de ceramlc havxng a wall
th1ckness of between about 0.75 and about 3 mm and a
30 room temperature flexural strength of at least about
250 MPa. | |
31. The ceramlc of c1a1m 30 havzng a wall thlckness
varlatlon of less than about 0.2 mm/m.
- 32. The ceramlc of c1a1m 31 in the shape of a tube
35 : having an outer dlameter of between about 4 mm and
_ about 20 mm.
'33. The ceranmic of cla1m 30 having a room temperature
flexural strength of at least about 290 MPa.

14
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The hydrogen torch of claim 14 wheréin*th® thir tube is silica.
16. The hydrggen &HECEe9£mEEabf1éfafﬁei@'ﬁh&iﬁbféréﬁnegﬂllcon carbidet he
I nner tube possesses a connector sel ected fromthe group

consi sting of a bSPRtIBIsocket, a 10 taper, ‘and a fl ange. 17.

The hydrogen3BOrthefcekam&nléfmbbaémnaohémpfegﬂated with sbhibeenion is
acconpllshed | | e] ogn 1 e
'of é a|n1§??8 bel Qig%ﬁe od?%YlRQ 4 &Qﬁé?g%eo% at 1Peadt

hydr ogen toré _ Wher el as a |rst and
second e®d, the fabouteddodfg/cc. the outer tube formng a sealing

connection wsgh thge ceramlc Bfréiaﬁﬁd39fhi@ﬁn@nﬂeblﬁﬁﬁﬂl 8id greinecond

end of t he outer (ma cOo

with a process tuﬂéStféb“tiQn °?ﬂggﬁ§ﬂng§n fﬁ?cﬁr3?£%?ﬁlﬂ$e§e£Vﬁ%?e|n t he
out er tubbohaszauhlana &boutl Bnumt anddat beasseofidastionaot

tube has a secondaL HEdGbn 20. The hydrogen torch of claim1l
wherein the inner ube conprises a base ceramc material and a
coating1®5 38. {her cgramic ofyglaime3fyhavind RoVeahloFhiFERE$20°hher ei n
the coating about! 1 m@l.ected fromthe group consisting of silicon

nitride and silicao ydrogen_torch of,_claim20
wherein the Bise 39 ceram&8r85181ﬁéFe;?aFn gﬁgeﬁgﬁPﬁd ?r%n??% gr oup
consi sting of sil hawing ani detenddsameten of about 6xymitride. 23. A

reverse ballé@p'nh.9%@9@%%53?158&p%i§i89n garpide céra ?13 ﬁ£0§ﬁ cgmponent

conpri sing Irst end; and
ii) a filSst hol | owoREntepperprturepf spERFAdnStreng! of at least y3kaRhg
outwardly fromtheslh Mpa.end, and b) a second conponent
conpri si ng:

41. The recrystallized silicon ca%blde ceramic of claim
40 having a room temperature flexural strength of at
least about 290 MPa.

20 42. The ceramic of claim 41 having a wall thickness of

between about 0.75 and about 3 mm.

43. The ceramic of claim 41 having a wall thickness
variation of less than about 0.2 mm/m.

44. The ceramic of claim 41 in the shape of a tube

25 having an outer diameter of between about 4 mm and

about 20 mm.

45. The ceramic of claim 41 having a room temperature
flexurai strength of at least about 290 MPa.

46. The ceramic of claim 41 having a CVD silicon carbide

30 coating.

47. The ceramic of claim 41 impregnated with silicon.

48. The ceramic of claim 41 having a density of at least
about 3.02 g/cc.

15
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hoIIowh i ng outwar nyrom }
the first ‘end of - the second t ube, _5 . said second tube
having a | ar4®s dPhenenanimefasdain 41cbesringapl pimedednSicc swrdn t he

first tube, the faisributidnkRnptikdng &l ¢dng tf&b&ttlba 22C Ratwedhe such
that the . convex SL%rface r%}he fi rst pr(y ection orfm; %ﬁ.seal with
the concave surf S saéE{) Boiled SRS fpcoasge TFREIOD.PLe by |

joi nt connection afoutt A0m@8 - wherein the first and second
conponent s % df 1 far [ . The
reversen%al ?étj?m connreag%]icon f{)f aqnf ?ﬁt the %ha{g’l\ﬁnmf el n % first

conponent conpr i RAVINY & PuRer dla“‘e‘i?&'r lS’Ifdéb°“t 6 . The reverse ball
joint connecgipn mfré&@stanlzed slncdmcaammaéweeiemedhe@rimnent

conprises sili ca.y ers oisnt. _¢o I cl ai m 25
wherein the first? % ﬁ%%%x@)éﬁslsi engg'.gxe%é 5 3\‘5 % Yoo le P¢oni zed
silicon carb%2e. The cemnicef ahadm $hiaving Iat 120076¢ filexuralc] ai m 26
wherei ny g he secon%: ¥ LONHaHtS potEa Mpadf silica.

al |

- 29. The reverse ol nt connectjon of claim 23 25 wherei n the
first conponght CTRMRiSERARG Qf Ghaip K2 having a wall; thickness Ofcon
carbi de and the Seetwsers @BET. 75 and aboutoIds imki.S essent ially of silica.

of between pbut Do SbEEioh G T hAHT Y % enicrness o L?;Ck”ess‘

flexural strengt varfiationaf lessitthan about 0R30mMea.

15 55. The ceramic of claim 54 in the shape of a tube
having an outer dlameter of between about 4 mm and
about 20 mm.

56. The ceramic of claim 52 having a fdém’teﬁperaturé
flexural strength of at least about 250 MPa.

20 57. The ceramic of claim 52 having'a'CVD'Silicon carbide
coating. - | R N

58. The ceramic of claim 52 impregnatéd with silicon.
59. The ceramic of claim 52 having a density of at least
about 3.02 g/cc. o ' _

25 - 60. The ceramic of claim 52 having a bimodal SiC grain
distribution comprising a fine fraction of between
about 2 um and about 3 um and a coarse fraction of
about 60 um. o o o

61. The ceramic of claim 52 having a wall thickness of

30 about 1 mm. B

62. The ceramic of claim 52 in the shape of a tube
having an outer diameter of about 6 mm.

63. A drain cast silicon carbide ceramic having a wall
thickness variation of about 0.2 mm/m.

55 64. The ceramic of claim 63 having a room temperature
flexural strength of at least about 290 MPa.
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31 The ceranic of claim 30 haH m UH t ness variation of
tess 't han WOMOHF2 m m !“HI ll ! | of claim 31PWU§W88@%ape of
h tube 35 ' havi ng an outer di aneter of between about 4 nm and

about 20 nm 65. 3IBRe célramder afii clafimcbai in3thbhashageaofoantubeper at ure

flexural strength %vahglQ§55u$E9uhigﬂgtB?a?f Petﬁggs ﬁbout 4amEVB dicon

14 WO 96/023 ceramc o alm avin
car bi de ROR%{g20 mm.35 The ceranmic of claim 30 |npregnated with
silicon. 3. Tmecebeaméicoiafcbgwwaahﬁavmﬁ aadeneikhyadf serehgtht 5

about 3.02 g/cc. The, ce ylng a binodal SiC grain
dlstrlbutébn conprl |ﬁé &ePFﬁeaFPgttﬁgh @# n% %Hg about 2 um and
about 3 um an®é7a cGheseeramiti ofi olaim 63 havihgua 6UDusiliBon38arbide

ceram c of claim3@oBg¥hgy a wal I thickness of : about 1 mm 39.
The ceram c of claim31 i'n the shape,of a tub havi ng, an outer

di aneter of at$8ut ghﬁwperamlgoopr E&Pyé?aFPPEéﬁn§FP9c8htEan #€08er ani ¢
having a 15 69. mhencecapdcabr elalinxesahaein gnst feptity beaat abast

280, Ma g, &L Tapopscirshagypged =il foon carbide ceramc of claim
290 MPa. 20 Z42. The cerawic of claim 43 having a hambdahi Skaegsabh
bet ween about 0.75438¢r3BAtioR BBhprisifid- a TREneCERALEi8h Skabltddehavi ng a
wal I thickness about 2 um and about 3 um and a coarse fraction of
about 60 um.
15 71. The ceramic of claim 63 having a wall thickness of
about 1 mm. .
72. The ceramic of claim 63 in the shape of a tube
having an outer diameter of about 6 mnm.
73. A drain cast silicon carbide ceramic having a wall
20 thickness of between about 0.75 and about 3 mm and a
1200°C flexural strength of at least about 300 MPa.
74. The ceramic of claim 73 a 1200°C flexural strength
of at least about 375 MPa.
75. The ceramic of claim 74 having a wall thickness
25 variation of less than about 0.2 mm/m.
76. The ceramic of claim 74 in the shape of a tube
having an outer diameter of between about 4 mm and
about 20 mm.
77. The ceramic of claim 74 a room temperature flexural
30 strength of at least about 250 MPa.
78. The ceramic of claim 74 having a CVD silicon carbide
coating.
79. The ceramic of claim 74 impregnated with silicon.
80. The ceramic of claim 74 having a density of at least
35 about 3.02 g/cc.
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variation of |ess than abou ﬂ m 44 The ceram c of claimA4ZlL i n
the shape of a tube 25 ‘l “ di anet er out 7 mn
and WO 9602328t 20 nm eseram c of clai mA’?’?W@& a room

t enperature . flexural strength of at |east:about 290 MPa. . 46.
The ceram csat ct‘hem:éﬁ:ahiamog cldid 74 |hawing o hiteodl sic graiai i ng.

47. The ceram c gg_ E}_.gbm._l 'g&ﬁﬂf@ﬁftﬂffhé'f*ﬁ*ﬁm? ?&4&7 ceramc

of claim41l havin ensity
15 WO 96/ Oggggt um and about 3 um and a coarse fraq@qmsgﬁ;/ 08775
49. The ceram CaB_Bu<_E| 60”1;16:_1 having a binodal SiC gral n

distribytio ising a,fine fracti of bhetween: abo 2 um and
about Sg gﬁ %8a?§gaw’ﬁc?foﬁi%*m -PP having a%o‘lﬁnGOtlEﬂﬁk%ess - The
ceranic of cl ai rrahQutnltm shape of a tube - having an outer

di ameter of ggbousné BBkamic oélclaﬁnr%wﬁta&é sidt GPNpsg bi de cerami ¢
havi ng- a 1200ferr] C exural ‘stren [ east about 300 MPa.

52. The cerani ch8ViRgafh, B‘itﬂ’év‘ﬁ-@“% 9D Rf & g‘?‘}‘ﬁ:f? ral 10
strength of gat | gasasspouhfB¥éd MPblicon carbide body having an

10 haverage pore sxze of about 0.4 um,
; 85. A process comprlslng the steps of°'
| a) preparlng a plaster mold, o _
b) coatlng the mold with a castlng retardant
_ c) filling the coated mold w1th a s111con carbide {
15 | s11p hav1ng a blmodal grain 512e dlstrlbutlon,
d) dewaterlng the slip through the mold to produce
| a castlng having a thlckness of between about
0 75 and about 3 mm.
86. The process of claim 85 whereln .he castlng

20 _ retardant is selected from the group consisting of
' ammonlum alginate, sodlum alg:.nate and polyacrylate
acid.

87. The process of cl_aim" 85 Whe_rein the casting
retardant is ammonium alginate. '
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53.. The ceramic. of claim52 havi ng a wal | t hi ckness of bet ween

about” 0. 78VQMP23out 3 mm 54. The ceranic of clai mBEVHENOEFSa wal |
thi ckness variation of less than about 0.2 mim 15 55. The
ceramic of claim54 in the shape of %I}gbe havi ng an outer

di aneter of between about 4 mm and about 20 nm 56. The
ceram c of claim52 having a roomtenperature flexural strength
of at |east about 250 MPa. 20 57. The ceramc of claimb52 having a CVD
silicon carbide coat i ng. 58. The ceram c of claimb52

i npregnated with silicon. 59. The ceramc of claimb52 having a
density of at |east about 3.02 g/cc. 25 60. The ceram c of
claim52 having a binodal Sic grain di stribution conprising a
fine fraction of between about 2 um and.gbout 3 um and a coarse

fraction of abqut 60 um Fijcer am ¢ of claim52 having
a wall thickness of 30 | Py mc of claimb52
in the shape of a tube =T A ibgut 6 MM

63. A drain cast silicon C3 et i L t hi ckness
variation of about 0.2 mm 64. . ving a
roomtenperature Fﬂm urhl strength of at |east about 290 Mra.
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65 The ¢ claim63 in the shape of a tube i n
Wﬁﬁ%ﬁ’ about 20"9#@65%7366

out er’ di anete bet ween about 4 nm and

TFhe ceramic of claim63 having a flexural strength 5 of at |east
about 375 MPa at 1200[err]C. 67. yﬁ% ceram c of claim63 having a CVD
silicon carbide coat i ng. 8. The cerami c of claim63

i npregnated with silicon. 69. The ceram c of claim63 having a density
of at least 10 about 3.02 g/cc. 70. The ceram c of claim63
havi ng a binmodal Si C grain di stribution conprising a fine
fraction of between about 2 um and about 3 um and a coarse
fraction of about 60 um 15 71. The ceram c of claim 63 having
a wall thickness of about 1 mm 72. The ceram c of claim63
in the shape of a tube havi ng an outer dianeter of about 6 mm

73. A drai 3 Lcon carbide ceramc having a wall 20 t hi ckness

of between acou 0. 75 -and ~oout 3 nm and a 1200[err] C fl exura
strength o | east about 74. The ceramic of claim73 a
1200[err] C flexural strength‘\\ of at | east qut 375 MPa. 75.
The ceram 4 of claim 74 having 3 AfII t hi ckness 25 ;Farlatlon of |ess

than about {0.2 mMim 76. The am c of clgi mg¥4 in {fhe shape qf a
t ube haw%ng an outer dlarreii of betyeen fi 74 mm gnd
about 20 =i , | A e ur al

30 I '} A Jor claim

stirength ofF &

74 having a |CVD silicon carbide coatfng b ceram c of
claim74 inpregnated with silicop 80. The ceradSc 5f‘%I. m 74 havi ng
a density off at |east 35 dbout 3.02 g/cc. |12

S — FIG. 4
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€ss conprising the steps of: .
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@D Fppantinpal Appiication Number: o &55’3775
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uce a castlng
ggd abo%ﬁS nm The process
%@3‘1@ ant is omth
nat e 'sodi um al gi lrﬁ;% %)yacry?m
pss of claim 85 whefe n the cast

hEDdpplicant (for all designated Staves except US): /SAINT-
GOBAIN/NORTON INDUSTRIAL CERAMICS CORPO-
RATION [US/US]; 1 New Bond Strest, P.O. Box 15138,
Worcester, MA 01615-0138 (US).

(72) Inventors; and

(75) Inventors/Applicants (for US oniy): Bryan, D.
{US/US], 22 Walnut Street, Holden, MA 01520 (US).
ELLIQP, William, J. [US/US]; 15 Alden Road, Watertown,
MA 172 (US). v A, John, T. [US/US]; 17 New
Braintree Road, West Brookfield, MA 01585 (US).

(74) Agents: DIMAURO, Thomas, M. et al.; Saint-Gobain Corpo-
ration, 1 New Bond Street, P.O. Box 15138, Worcester, MA
01615-0138 (US).

, Buropean

I, IT, LU,
g; cl aim 85 wherein the casting,

up;%ﬁ, gf"aaﬂ‘%ﬁil}m%ed

retardant i s ammoni um

é f| I I | nﬁg
erlgffi'?g“zt EE roug he”

avi nq a thi ckness of between about

(54) Title: AYDROGEN TORCH

(57) Abstract

and b) the inner tube (1) comprises silicon carbide.

A hydrogen torch compnsmg concentric inner (1) and outer (3) fluid delivery tubes, wherein: 2) the outer tube (3) comprises silica,
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