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Hydrogen Torch 
BACKGROUND OF THE INVENTION 

PCT/US95/08775 

In the manufacture of semiconductor devices, the 
surf ace of the silicon wafer must often be oxidized to 

s form a silica layer on the surface. one conventional 
manner of achieving this is to place the wafer. in a 
heated, uncontaminated container called a process tube 
and inject a highly pure water vapor into the process 
tube. The pure wa'ter vapor contactero•and reacts with the 

10 surface of the wafer to produce the desired silica layer. 
The pure water vapor is typica1ly created by a 

hydrogen torch system housed either within or outside of 
the process tube. Figures 1 and 2 present prior art 
monolithic torches having a hydrogen inlet A and outlet 

15 B, and an oxygen inlet c and outlet·: D. This system 
delivers oxygen and hydrogen in separate streams into the 
process tube (or external combustion chamber), wherein 
these gases are mixed at temperatures above about 6oo 0 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 hydroqen 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 disinteqrate, 
initially releasinq silica particles which can 
contaminate the semiconductor manu~cturing process and 

30 eventually causinq the tube to lose, both dimensional and 
structural integrity (thereby degr-.ing its ability to 
properly deliver ::'the hydrogen) • '0 

Another family of hydrogen torbhes 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, corrosive environment ~f the water vapor are 
now available. However, relative tt:> silica, silicon 
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carbide is more difficult to manufacture in complex 
shapes and is therefore more expensive to make. 

Accordingly, there .is a need for, a hydrogen torch 
which can operate, ·in an extreme environment at reasonable 

5 cost and·is easily manufactured. 
SUMMARY OF THE INVENTION 

In accordance withthepresent,invention, there is 
provided ·a fluid delivery system for· eolllbining two 
reactive fluids comprising inner and outer, fluid delivery 

10 tubes, w,herein; 
a) the outer tube: compriseis, a first .'material, and 
b).the inner tube comprises a second material.· 

In preferred embod,iments, the first and second materials 
are fused silicc;t and.: s·ilicon carbide, ·respectively, · and 

15 are connected together by a rever.se ball joint 
connection •. 

20 

DESCRIPTION OF.i:J:'HE FIGURES 
Figure 1 is a prior art hydrogen' torch design· 

typically used for silica monolithic designs. 
Figµre 2 is another prior- a.rt hydrogen torch design 

typically used for silica mono~i thic·' designs. 
Figure 3 presents one·embodimentof·the hydrogen 

torch of the present invention. 
Figure 4 presents a hydrogen torch.of the present 

25 invention conn~cted to a process tube~ 
Figure 5 pre$.ents an embodiment of a reverse ball 

joint connection. 
DETAILED DESCRIPTION:OF·TJIE INVENTION 

The torch of .the _present invention provides a heat 
30 resistan~ mateJ;ial,such as silicon carbide, in the 

regions of the system where high temp.erature resistance 
is important, and silica.in: the regions of the system 
where ease of fabrication is: important .• , Accordingly, the 
torch of the present invention is easier to manufacture 

35 (and so i~ cheaper) than the·monolithic silicon carbide 
torch and more durable ~than the silica monolithic torch, 
yet possesses the drawbacks of neither.· 

The second material compr;i.sinq,the inner tube should 
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be able to withstand a water vapor containing environment 
of at least about 1200°c without significant degradation. 
It should be g~s tight and consist e~~entially of either 
high purity silicon carbide impregn~ted with silicon, 

s high purity silicon carbide coated with cvo silicon 
carbide, or monolithic CVD silicon carbide. Preferably, 
the silicon carbide is CRYSTAR (TM) recrystallized 
silicon carbide, available from the Norton company of 
Worcester, MA. 

10 It is also contemplated that other heat resistant 
ceramic materials such as silicon nitride and silicon 
oxynitride can be substituted into the ·inner tube either 
as a monolith or as a coating. In some embodiments, the 
inner tube comprises a base ceramic material and a 

15 coating thereon, wherein the coating is either more pure 
or more temperature resistant than the base c~ramic 
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 c~bide 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 th~ silica tubes 2 and 3 

30 and provides sealing for separation of the different 
gases flowing through the system. This ball joint 
connection 4 comprises a silicon c~bide 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_l with enough 
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clearance that oxygen ca?l flow through the annulus 
def ineci by the inside diameter of the ·first silica tube 2 
and the outside diameter Of the silicon carbide tube· 1. : . : 

At the opposite ~nd 8 of the first sflica tube 2 is 
5 another female socket·to allow connection to a process 

tube (not sho~)· in which the . desired. conibustion will 
occur. The secoiiti sliica tu:be 3 tias art inlet 14 to 
accommodate the:· floli. of hydrC?qE!n gas ther~through. In 
some embodiments, a thermocouple 13 is also housed with 

10 the·torch. 

15 

Referring now to Figure 4, the silicon carbide tube 
1 has a length \flhich allows it to· extend through the· 
first silica.tube 2 and into a proces5'·tube ii so that 
the hydrogen emerging from. 'the tip . e~d 9 of the silicon 
carbide tube 1 is properly iocated within the process . 
tube 11. For ease of assenibly, the c>utsl.cie diameter of 
silicon carbide tube 1 and tip end 9 should be able to 
pass through the· first.silica tube2. Various 
conventional configurations may·be used at the tip end 9 

20 to control and direct the ~low of 'the exiting hydrogen 
gas. 

Due to the·small size of the silica tube leading to 
the ball joint connection as.well as the flow of room 

. ·. . 

temperature gases on each side of the ball joint 
25 connection 4, the temperature at the:silicon carbide ba11· 

5 at the ball joint connection 4 will typically be less 
. . 

than about 300°C. 
In some embodiments, the silicon carbide tube 1 has 

a 13 mm OD, an 8 mm ID and a 300 11Ull·1ength; the silica 
30 tubes 2·and3 have 20 mm OD's, 15 mm ID's and 50 mm 

lengths; and the balljoint connect1on 4 is 28/15, i.e., 
a 28 mm diameter spherical surface'w.ifh a 15 Dim ID 
clearance. 

The connective ends of the present invention (e.g. 
35 element numbers 5,6,7,8,12 and 14 of Figure 3) can be 

designed for.any typical connection commonly used in the 
semiconductor maniif acttirinq industry. _: For example I the 
connectors can be ·of the ball, socket, taper, or flange 
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variety and may be constructed by co~ntional methods. 
Preferably, ball joint connections are held together with 
standard metal-_ clamps. Al though Figut'es 3 and 4 appear 
to show space between the sic ball and silica sockets, it 

5 is understood these connectors are precision ground so 
that fluid will not pass through the connectio~. o-rings 
may be used to enhance the seal of the ball joint 
connection, if desired. 

Figures 3 and 4 disclose a novel means for 
10 connecting dissimilar materials Sic tube 1 and silica 

tube 2, termed a "reverse ball joint connection". 
Therefore, also in accordance with the present invention, 
there is provided a reverse ball joint connection 
defining a multi-fluid delivery system. Referring now to 

15 Figure s, this 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 hemisp~erical 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 o~ 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 seo,ond 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 f~om fluid flowing 
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within the inner tube~ 
Any conventional nieans for iabricating the silica 

and silicon carbide.components of the present invention 
may be suitably. us·ed. 

5 For example, the:casting of bimodal silicon carbide slips 
in plaster molds a~ disclose(l in us.Patent No •. 3,951,587 
("the Alliegro processes") may be· u .. e4 to make 
siliconized silicon carbide tubes~:.' ·H:6wever, when the 
desired Sic tube.is small (i.e., les~than about 20 mm in-

10 diameter and/or less than about 3 ·rime in· i.iall thickiiess), 
novel techniques have been identified which more reliably 

.. . 

achieve.these goals. 
In particular, ·there is now ·provided in accordance 

with the present· invention a drain' cast, recrystallized 
15 "silicon carbide ceramic' having a . wall thickness of. 

between about o.75 and about 3 mm and a. room temperature, 
4 point flexure strength of at least about 450 MPa, 
preferably at least about 290 MPa. More preferably, the 
ceramic also possesses a 1200°C·4 point flexural strenqth 

20 of at least ·about 300 MPa, most preferably at least about 
3 7 s MPa. In some preferred embocii.ments, this novel 
ceramic is'niade by a process comprising the steps of: 

a) preparing a ·plaster mold, ·· 
b) coating the mold with a castinq retardant, 

25 c) filling the co·ated mold with a silicon carbide 

30 

s"iip havinq a bimodal graln size· distribution, 
d) dewatering the slip through·· the mold to produce 

a·casting.having a thickness of between about 
o.75 ·and.about 3·m. 

For the purposes of the present invention, a "drain 
cast" sic ceramic·includes products'made by drain 
castinq, slip casting or pressure casting, wherein the 
products possess a relatively smooth surface and 
isotropic grain orientation. Accordinqly, "drain cast" 

35 products do ·not include injection molded SiCceramics, 
which are characterized by striations alonq the surface 
of the extrudate and preferential·. grain orientation. 
Similarly, a "recrystallized" sic ·ceramic contains 
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essentially no fFee carbon and does ~t include sic 
ceramics in which carbon green bodies have been reaction 
sintered with silicon and so contain unreacted free 
carbon or silicon. 

5 It has been unexpectedly found that when an ammonium 
alqinate coating is applied to the plaster mold prior to 
introduction of the slip, a thin wall casting having 
suitable. strength may be made. It is known in the art 
that a primary concern in c~sting is the achievement of 

10 high density. High density castings (i.e., about 85% of 
theoretical density) are typically _achieved by using a 
bimodal slip, wherein the fine grains (typically 2-3 
microns) fill in the voids created by the packing of the 
coarse grains (typically about so microns). However, it 

15 is also known that plaster of paris molds are frequently 
very porous (i.e., they contain pores which a~e 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 two 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 o ·• S 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 castinq 

30 surface predominated by the fine fraction. This second 
phenomenon is believed to be the cause for the orange 
peel appearance of_tbe prior art castings. 

Without wishing 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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fraction into the mold, thus allowing the fines to be 

retained in the casting, .·resulting in a smooth finish 

and, therefore, in easy mold release. 

The casting retardant may be any coating which 

s reduces the porosity of the porous plaster. Preferably, 

it is ammonium.or· sodium alginate or ·polyacrylie acid. 

More prefer'ably, it is ammoni\lln alginate. Typically, it 

is applied as an aq\leous .·solution in ·an amount of between 

about 0.01 and·about·1.o w/o ·of tne solution, preferably 

10 about o.03 w/o. 

15 

The plaster· mold of the present '"invention can be any 
. . 

mold typically used in the casting.art. Preferably it is 

plaster of paris and has. channels' . (pores) df about 2 

microns in size.·· Preferably,· it has a 60% 'consistency. 

The slip of· this aspect :o·f· the present invention 

typically comprises a bimodal distribution' comprising 

between about 45 and about 55 w/o c;.o~rse sic grains with 

a parti-cle size ranginq. from 10:· to 100· i!lici-ons ("the 

coarse fraction")' and·· betweeri about 45 arid about 5s· w/o 

20 of a fine SiC· grain with a size.distribution of between 1 

and 4 microns ("the fine fraction"). Preferably, the fine 

fraction.has an average particle size of" about 2-3 

microns and the coarse fraction has an average particle 

size· of about 60 microns. 

25 ·other components of the slip include· conventional 

additives such as deflocculatingagents like NaOH, NH30H 

and Na2Si03; water present in an amount: of from about 12 

to 16 w/o solids;. "and acrylic binder present in the range 

from about o.25 to 1. 0 w/o solids. 

30 In one especially preferred ·embodiment, a silicon 

carbide mixtur~ ·consisting of·· about 48. w/o F240. sized 

green silicon cet,rbide having an"ave~age size of about 60 

microns and about 52 w/o green silicon carbide having an 

average size of 2:;,.3 ·microns is prepared. ·To this mixture 

35 is added a deflocculatinq agent. (NaOH) in an amount 

sufficient to achieve optimum deflocculation. Water is 

then added to provide a: viscosity' of between about·soo 

and about 750 cps. An acrylic lat'Eaxbinder is· also added 
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in an amount of about 0.25 w/o of the solids. These 
components ar~ mixed in a ball mill which has been 
evacuated to va:~um level of b~tween~~~out 27 and 30 
inches Hg and rolled for at least about 17 hours. 

5 Concurrently, a plaster mold with a 70% consistency 
is coated with a 0.03% solution of ammonium alginate. 
The mold is capped off at the bottom and the alqinate 
solution.is poured in to fill the q~vity. Solution is 
continually added as the mold absorbs the solution. 

10 After the mold has been filled witb. alqinate for 3 
minutes, the cap is removed and the solution drained. 

The drained mold is allowed to air dry for 10 
minutes prior to introduction of the slip. The mold is 
recapped and the slip is poured into the cavity. casting 

15 time is dependent on both desired wall thickness and slip 
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 strippinq fixture. 
This fixture simulates the outside shape of the cast part 
enabling it to remain dimensionally correct durinq 
drying. 

The cast part is then allowed,~o air dry overniqht 
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 f irinq step is conducted in a furnace which is heated to 

a temperature of about 1950°C under,a vacuum of about o.s 
torr in Ar atmosphere. After this ~nitial firing, the 
cast part is prepared for one of two possible final 

9 
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firing steps which is dependent on part size and intended 
application. This second firing stei;>consists·of either 
impregnatinc;;j with silicon to eliminate porosity or CVD 
coating with silicon carbid·e. After this second firing, 

s the part is machined to.its final dimension. 

10 

Silicon carbide ceramics having outside diameters of 
between about 4 and about. 20 mm, preferably about 6 mm, 
and wall· thicknesses bet~een about o. 7:5 and about 3. o mm, 
pref er ably about·· 1 mm are. obtainable . in accordance with 
this invention~ Because the ·.casting is . sufficiently 
slow, ordered casting is promoted, the .typically rough 
"orange peel II type drain. ·cast SUrf ace iS eliminated and a 
casting having a smooth surface is produced. 

A cast, unfired body produced in ·a::ccordance with the 
15 above especially preferred.·embodiment'. eXhibits a bulk 

density of at least about 2.75 g/cc and a four point 
bending strength ·of at leas·t 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 

20 cast unfired, sic body bas an average po·re size of about 
1.a micr6ns~ 

Physical and mechanic'al analyses were ·undertaken on 
the Siliconized silicon ca:C:bide product produced in 
accordance with the especially preferr~d embod.i.ment of 

25 the present inventlon. Flexural strength testing was 
undertaken on 4.point quarter point fixtures having an 
upper span of 20 mm and a lower span of 40 mm. The 
flexure bar, whose dimensions were 3 mm x 4 mm x 50 mm, 
was flexed at a load rate of ·about 0.02 inches per 

. . 

30 minute. The room temperature flexural .strength was found 
to be about 296 MPa. ·This represents a 38% increase in 
strength over the conventional.· s'ilicoriized .• si.licon 
carbide product. The 12d.0°c flexural strength was found 
to be about 37S MPa, a 60% increase in·i:;;trength over the 

. . . 

35 conventional siliconized silicon carbide product. In 
addition, analysis of the variation in wall thickness was 

·measured. The variation in thickness of al mm wall of 
the present invention was found· to be about 0.2 mm/m, 

10 
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5 

i.e., the thickness varied from about 0.9 to about 1.1 mm 
f," 

(top to botto111:) .-t,ver a 1 meter leng1:h~;, In contrast, the 
conventional sUiconized silicon carbide ceramic 
possessed a variation of about 0.6 mm/m. 

The novel recrystallized silicon qarbide ceramics of 
the present invention may be used in conventional 
siliconized silicon carbide or CVD coated silicon carbide 
applications, _including those appliQations disclosed in 
us Patent No. 3,951,587. 

11 
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* C ~ . M · S * 
We claim:_ 
1. A fluid delivery ~ystem for combining two reactive 

fluids c'omprisinci inner and outer fluid delivery 
tubes, whereln; 

2. 

3 .. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

12. 

13. 

a) · the ·outer tuJ;>e comprises a first material, and 
.. ~ 

b) the inner tu~e com~rises a second material. 
The system -"of claim 1 · Wh~rein the outer tube 
consists:essentia~ly of'the· firstmaterial. 
The system of claim 2 wherein the first material is 
a ceramic materia~. 
The system of claim 2 wherein the first material 
a glass. 
The system of claim 2 wherein the first material 
fused silica. 
The system of claim 1 wherein the inner tube 
comprises silicon carbide. 
The system of claim 1 wherein the inner tube 
consists ·essentially of silicon carbide. 
The system of claim 1 wherein th~ outer tube is 
fused silica and the inner tube comprises silicon 
carbide. 
The system of claim 1 wher~in the fluid delivery 
system is a hydrogen torch. 
The system of claim 6 wherein the fluid delivery 
system is a hydrogen torch. 
The system of clai~ 8 wherein the fluid delivery 
system is a hydrogen torch. · 
The hydrogen torch of claim 11 wherein the inner 
tube consists esse~tially of silicon carbide. 

is 

is 

The hydrogen torch ··of claim 9 wherein· the inner tube 
consists essentially of a material selected from the 
group consisting of high purity silicon carbide 
impregnated with silicon, high purity silicon 
nitride, monolithic CVD silicon carbide, and high 
purity silicon carbide coated with CVD silicon 
carbide. 
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14. The hydrogen torch of claim 9 wherein the inner tube 
has a first and a second end, and further comprising 
a third tube in fluid connection with the first end 
of the inner tube. 

s 15. The hydrogen torch of claim 14 wherein the third 
tube is silica. 

16. The hydrogen torch of claim 14 wherein the first end 
of the inner tube possesses a connector selected 
from the group consisting of a ball, a socket, a 

10 taper, and a flange. 
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 second end of 
the outer tube adapted to form a fluid connection 
with a process tube. 

20 19. 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 qroup consisting of silicon 
nitride and silicon carbide. 

22. The hydrogen torch of claim 20 wherein the base 
30 ceramic material is selected from the qroup 

consisting of silicon nitride and silicon 
oxynitride. 

23. A reverse ball joint connection comprisinq: 
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 
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i) a second tube having a _first end, and 
ii) a secon~ hollow hemis~herical projection 

opening outwari:ily from the fir:st end of 
the second tube, 

. 5 said second tube having a larger diamElter than and 
.essent;ially concentric, with the first t\lbE!, the first 
tube bei~g f ~t~ed within t~e .second tµbe such that the 
convex surface. of the first pr:ojectio~ forms a seal with 
the concave surface of the second projec::.tion. 

10 24. The reverse ball joint connec::tio;n ()f claim 2J . · ... ·. . . . . . .... '·· . 

15 

20 

. . 
where.in th~ first and second compc:ments are made 
from different.materials. 

25. The reverse ball joint connection of claim 2J 

wherein the first component comprises silicon 

26. 

27. 

28. 

... 
carbide. 
.The reverse ball joint connection of claim 2J 

. . .•·::. 

wherein the secc:>nd: component comprises silica. 
The reverse ball j.oint connection of claim 25 

wherein the first co~ponent con5ists essentially of ·. ,· 

siliconized silicon carbide. 
The reverse ball joint connection of claim 26 

wherein the second component consists essentially of 
silica. 

29. The reverse ball joint connection of claim 2J 
25 wherein the first component consists essentially of 

siliconized silico~ carbide and the second component 
consists essentially of silica. 

JO. A drain cast silicon carbide ce~a,mic havinq a wall 
thickness of between about o. 7 5 and.· about J mm and a 

JO room temperature flexural strength of at least about 
250 MPa. 

Jl. The ceramic of claim JO having a wall thickness 
variation of less than about 0.2 JffJJl/m. 

32. The ceram~c of claim Jl in the sh~pe of a tube 
J5 having an outer diameter of between about 4 mm and 

about 20 mm. 
33. The ceramic of claim 30 having a room temperature 

flexural strength of at least about 290 MPa. 

14 

::· 

1 



W096/02320 I lllllll llllll lllll lllll II 1111 PCT/US95/0877S 
* C L M S * 

34. The ceramic of claim 30 having a CVD silicon carbide 

coating. 
35. The ceramic of claim 30 impregnat~a with silicon. 

36. The ceramic of claim 33 havinq a density of at least 

5 about 3.02 g/cc. 
37. The ceramic of claim 33 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. 
10 38. The ceramic of claim 30 having a wall thickness of 

about 1 mm. 
39. The ceramic of claim 31 in the shape of a tube 

having an outer diameter of about 6 mm. 
40. A recrystallized silicon carbide ceramic having a 

15 room temperature flexural streng~ of at least about 

250 MPa. 

41. The recrystallized silicon carbide 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 o.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 

flexural strength of at least about 290 MPa. 

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

30 coatinq. 

47. The ceramic of claim 41 impreqnated with silicon. 

48. The ceramic of claim 41 having a density of at least 

about 3.02 g/cc. 

15 
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49. The ceramic of claim 41 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. 

5 50. The ceramic of claim 41 in the sh(lpe of ·a tube 
having an outer diameter of about 6 mm. 

10 

51. A recrystallized silicon C?arbide ceramic having a 
1200°C flexural strength of.at least about 300 MPa. 

52. The ceramic of claim ~1 having a 1200·0 c flexural 
strength of at least about 375 MPa. 

53. The ceramic of claim 52 having a wall thickness 
between about o.75 and about 3 mm. 

54. The ceramic of claim 52 having> a wall thickness 
variation of less.than about 0.2 mm/m. 

Of 

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

20 
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56. The ceramic of claim 52 having a room temperature 
flexural strength of at least about 250 MPa. 

57. The ceramic of claim 52 having a CVD silicon carbide 
coating. 

58. The ceramic of claim 52 impregnated with silicon. 
59. The ceramic of claim 52 having a density of at least 

about 3.02 g/cc. 
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. 

61. The ceramic Of claim 52 having a wall thickness of 
about 1 mm. 

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. 

35 64. The ceramic of claim 63 having a room temperature 
flexural strength of at least about 290 MPa. 

16 
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65. The ceramic of claim 63 in the shape of a tube 
.. '~ . 

havinq an outer diameter of between about 4 mm and 
about 20 mm. 

66. 
&~. ··. 

The ceramic of claim 63 having a flexural strength 
5 of at least about 375 MPa at 1200°c. 

67. The ceramic of claim 63 having a CVD silicon carbide 
coating. 

68. Th~ ceramic of claim 63 impreqnated with silicon. 
69. The ceramic of claim 63 havinq a density of at least 

10 about 3.02 g/cc. 
70. The ceramic of claim 63 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. 

15 71. The ceramic of claim 63 having a wall thickness of 
about l mm. 

72. The ceramic of claim 63 in the shape of a tube 
having an outer diameter of about 6 mm. 

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 strenqth 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 impreqnated with silicon. 
so. The ceramic of claim 74 having a density of at least 

35 about 3.02 g/cc. 
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81. The ceramic of claim 74 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. 

5 82. The ceramic of claim 74 having a wall thickness of 
about l mm. 

83. The ceramic of claim 74 in the shape of a tube 
having an outer diameter of about 6 .. mm. 

84. A cast, unfired silicon carbide .body haying an 
10 average pore size of about 0.4 ~ •. 

as. .A process comprising the _steps .. of: 

15 

a) preparing a plaster mold, 
b) coating the mold with a casting retardant, 
c) filling the coated mold with a silicon carbide 

d) 

.. , .. 
slip having a bimodal grain s~~e distribution, 
dewatering the slip through the mold to produce 
a casting having a thickne.~s of between about 
o.75 and about 3 mm. . . 

86. The process of claim 85 wherein ~e casting 
20 retarctant is selected from the group consisting of 

ammonium alginate, sodium alginate a.nd polyacrylate 
acid. 

87. The process of claim as wherein the casting 
retardant is ammoniu~ alginate. 

18 


