GAS SI NTERED CARBON BLOCK AND METHOD BACKGROUND OF THE
I NVENTI ON Field of the Invention This invention

wo edoawsd4gyeneral |y to nmanufacture of carbon fiPCBEUS2004/034593
bl ocks. More particularly the invention relates to
formati on of carbon based filter bl ocks by sintering a
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~of carbon for filtering liquids, such as water, are
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he typical shape of such filter blocks, although

ar e certainly possible, is a hol | ow cyl i nder,
Fleldo%h%&g I%he liquid enters through a center cavity and
i.ffuses outwardly through the porous cylinder. The
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for specificity) is distributed nore or less uniformy
the inventipmrajates ke fasyiationi ef cirpom bastidrfijtertblacks byl sjmtering a mixture of carbon
particles of various types. The general process of
particleswaitiuh polymneéringbisdsh carbon filter bl ocks is to prepare
a thoroughly m xed powder consisting of carbon
particles arid the polyner or polynmers of interest.
The size of the particles and the specific nol ecul ar
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escrip (gt:[lgve&gr%%ortl ons, according to the. required
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acted_by ig)r essure or vibration
mdustnes that depend on filtration, The typical shape of such filter blocks, although others are

certainly posslble, is a hollow cylinder, in which the liquid enters through a center cavity and.
diffuses ouf\Nardly through the porous cylinder. The carbon (as well other ingredients that may-
be added for specificity) is distributed more or less uniformly through the cylinder by binding it

to polymeric particles of various types.

The generai process of manufacturing such carbon filter blocks is to prepare a thoroughly
mixed powder‘consjsting of carbon particles arid the polymer or polymers of interest. The size .
of the particles and the specific molecular species of the polymer may vary, as well as the
relative 'proportibns, according to the required filtration performance desired. The mixture is
placgd into a mold by manual or automatic ﬁliing means, compaotéd by pressure or Vibration,-'
and then heated. The temperature of the mixture must be brought to just thaf tem;l)eratureA at
which} the polymer becomes “sticky”, but does not otherwise change its properties. This

temperature, called in the art the “vicat” temperature, may vary according to the polymeric



and then heated. The tenperature of the m xture nust
be brought to just that tenperature at which the
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Precise copielyofithe tempseatieds patiakdee low of a teepasitaee atdehernolyimers will not
. . too high of a tenperature, and the polyners may nelt,
bind the gratix;dee pighyafer iemperabire,cindehepslymsecroae meits bintg debOlymerize, or
- the desired filtration purpose. Those skilled in the
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material with a very low conductivity for heat; it
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this method is relative sinplicity; the disadvantage

is the long process cycle tine. This nethod uses

I ndi vi dual steel nolds, heated in a furnace to the

Vhemost eompremmetiod dfemufertos dor ndredaatted Blockaispei heating the
where the bl ock can be renoved fromthe nold. The
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This time is controlled by the heat transfer rate through the mold structure and then through the

carbon-binder mixture. Increasing the furnace temperature to increase the heat transmission rate

is limited by the requirement that the binder particles not be damaged, as previously discussed.

A second common prior art method is to use a mold that includes a surrounding jacket
.containing a"heatéd fluid or gas such as oil, steam, a ﬂuo"rocarbon, or other hot gases. This
method is élso limited by the slow rate of heat transfer th;bugh thé jacket wall inté the mold, and
then ‘through the poorly conducting mixture. As in the oven method, heating is by ;:onductive

heat transfer through a low conductivity material. Process cycle times are about the same as in



A second common prior art nethod is to use a nold that
i ncl udes a surroundi ng jacket containing a heated
wo baosaisans gas such as oil, steam a fl uof ocar bpeT/US2004/034593
ot her hot gases. This nmethod is also |imted by the
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of slightly higher conductive particle content can cause internal arcing and possibly ignition of

the materials.

Two other less common prior art methods can be mentioned. The first involves the use of
inductiye heating, whereby energy is transferred fromi large, suitably designed induction coils
surrounding the mold. The other'is microwave heating. Inductive heating can be very rapid, but
doesn t Work well with nominally non- conductmg materials. It is also quite expensive to design,
construct and maintain. Even so, temperature control and uniformity is a problem. Mlcrowavé

heating requires that the target material have high hydrogenous content. While the binders are
) .



Two ot her |ess common prior art nethods can be
menti oned. The first involves the use of inductive
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have hi gh hydrogenous content. Wile the binders are /
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_ teaches a method for rapidly heating the carbon mixture uniformly to the desired temperature,
-and subsequently cooling the sintered product prior to removal from the mold. The result is a

higher quality product, higher manufacturing throughput, at lower cost.

The invention is specifically described in a process in whjéh‘a heated gas, which may be

air, nitrogen, helium, or oth;—:r suitable gas dependin'zgr on the chemistry of the product, ‘is'passed

‘ directly through a powdered mixtire, heating the elemental particles of the product mixture
Adirectly to the porrect température. Subsequént to heat up, cooled gas is passed through.iri a
similar mahner to reduce the temperature so that the ml;xture is r.apidly‘ cooled. Also disclosed

is a novel mold for use with the described method, such that the hot gas may be introduced in a



hi gher quality product, higher manufacturing
t hroughput, at |ower cost. The invention is
wap@siofdleal | y described in a process in which BChestedo34593

gas, which may be air, nitrogen, helium or other
suitabl e gas depending on the chem stry of the
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iri a simlar manner to reduce the tenperature so that
the mxture is rapidly cooled. Al so disclosed is a
novel mold for use with the described nmethod, such
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DESCRI PTI ON OF THE DRAW NGS Speci fi c enbodi nents of
t he i nvention have been chosen for purposes of
illustration and description, and are shown in the
acconpanying drawing, formng a part of the
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Specific embodiments of the invention have been chosen for purposes of ﬂlustratio‘n and
-description, and are shown in the accompanying drawing, fofrhirig a part of the specification
wherein:

FIG. 1 is a process diagram for the method according to the invention.
FIG. 2 is an external plan view of a mold according to the invention.

FIG. 3 is a cross sgctional view of a mold for direct contact heating according to.the

invention.



wherein: FIG 1 is a process diagramfor the nethod

according to the invention. FIG 2 is an external plan
wo e@#/osfi4@ nol d according to the invention. FlEBCT/BS1084/834593

cross sectional view of a nold for direct contact

heating according to.the invention. FIG. 4 s a
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IS agg?rtlally expl oded view of an alternative, disc
HHP%, with the carbon bl ock extracted, '
accordl ng to the invention. FIG 5B is a partially
expl oded view of an alternative, rectangle shaped
nold, with the carbon hlock extracted, according to
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EVMBODI MENTS OF THE | NVENTI ON Referri ng now to
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conponents or steps, there are disclosed broad aspects

-of the preferred enbodi nents of the present invention.
FIG. 1 is a process diagramgenerally illustrating-the

eps. | l.a [ ventlve process 10. In
B S B et etrian P vias st st g Dl with the
air qltro C®2, heliumor other gas suitable to
¢aRomploek;e 3@#@@@9@% fodhe yyprigsed by conpressor 22
and heated by a controlled electric resistance heating
el ement 24 or other suitable neans. The choi ce of gas
20 is determ ned by the potential and desirability of
a chem cal ‘interaction between gas 20 and

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS OF THE INV ENTION
Referring now to the drawings, in which like numerals refer to like components or steps,

there are disclosed broad aspects of the preferred embodiments of the present invention.

FIG. 1 is a process diagram generally illustrating the key steps in the claimed inventive
process 10. In operation of ‘the' method 10, a gas 20, which may be air, nitrogen, CO,, helium
‘01f other gas suitable to the mixture chemistry, is compressed by compressor 22 and heated bya
controlled electric resistance heating element 24 or other suitable means. The choice of gas 20
is determined by the potential and desirability of a chemical interaction between gas 20 andt

‘powder components 32. In the preferred embodiment, no interaction is desirable, and none

occuts, so that the gas 20 is chosen by economic considerations. Atmosphenc air is typically

the best, but not the only, choice.



powder conponents 32. In the preferred enbodi nent, no

interaction is desirable, and none occurs, so that the
w@aws3A814& chosen by econon ¢ consi derati ons. PCT/US2004/034593

At nospheric air is typically the best, but not the

only, choice. The hot gas 20 enters an inlet plenum 25
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-28 and outer walls 30 nust be porous. Less preferably,
In the grefeed embedinienhef tixginyaetiondofutherind® 28edrid auter walls 30 must be
. porous. The hot gas 20 nust be distributed to flow
porousndiess prefdratdy, ailifsabioomd iyndrP8oudionchater38 twdlLar®bofol€ The hot gas 20
powdered m xture 32 to be sintered. In the preferred

must be aathuigit Mfw e HElehOothiforily ﬂ)’wﬂ% gh@mg)lrtgltet%ﬁ élpé C@oﬁ%deerred mixture

havi ng annul ar shape, heated "gas ent
32 to bRighteQd. ' Ls he .nol d.,26 .
® and tplr Celf'ﬂelﬁgg?sef%%&s r Béc):cplengﬁrf e|§%11rhne Z“%‘g"rdgffﬁ%tf%’?%?%&%f block having
tal, ses,radj al t hrough_the m xture 32, and '
amula J:Be heRB3 355 2D RleB it seer itcrh At b et w8 of the mold
) wal s 30. The gas 20 therefore enters the mxture 32
6 and prp¥egably GonsHuctré Som ¢ Rerops sintarerl raptabipAgses radiatlyitbiosgh e mixture
direct contact. The gas 20 exits through the outer
32, andsaxits dlareughviie Ipsyous Bingéred heetdl obteomodd/ watislBo.Cile dak A0 kherefore enters
' nold 26 into an outlet plenum 34 (see FIGS. 2 & 3)

the mixfrureB2vii fotm iyt andeteatsBe tidévidudl fbiﬂﬂeﬂﬁéﬂi_ﬂl@s b @ire&@WALL. The gas 20
to the conpressor 22 and then to the inlet plenum 25.

exits thidugh thé b@ibi durfab€ $Falld) 0T &E@hﬁgﬂg@@dﬂﬁfﬁal lo gﬂldtzh6 einto an outlet

i nventive nethod, thé gas can passed throu

plenum®¥d e[dia!risR! bp%?f& Chob!'fuitRl § 28 stsxrzll%%tu 9eir%?.1‘t11r1§11em(ri(ott %ngn), to the .

' and Irnto the us’Interior wa
C on L at e hat .for -1 0 cost heating, the gas 20
comprefll 22 18 Bief e SR ict HorBiir | B S HEVEH J6S peFiomed gbesiigent of he
. . exhaﬁséed to the atnosphere at the : '
mnventive method, the gas can be passed through the external wall 30 of the mold 26, through the
mixture and into the porous interior walls 28. It is contemplated that for lower cost heating, the
gas 20 such as air can be atmosplieric air that can be simply exhausted to the atmosphere at the
end of the heating process. Process control and monitoring instruments include ‘means for
measuring and controlling the gas flow 40, such as through gas flow meter, and means for

measuring and controlling the heated air temperature 42, such as through a thermostat, All steps

of the inventive niethod can be automated.

| In the preferred embodiment of the disclosed process for making a filter block by ciirect

‘heat transfer, the gas 20 enters at a pressure determined by the compressor 22, or as regulated



end of the heating process. Process control and

nmoni toring instrunments include neans for neasuring and
wa@eousHosdig ng t he gas fl ow 40, such as through PewUS1004034593

nmeter, and nmeans for neasuring and controlling the

heated air tenperature 42, such as through a

A r ‘ he .inventive .met hod .can_be
from a b SPRAA squq 12 TER TR el h BT RR BP0 igital low
gisclosed roFe s for making a_filter block by direct
- meter 4], RS3spciRg ARTOD: g Epmasicin e Sloxever, friesmnkiety, the flow meter 40

determ ned by the conpressor 22, or as regul atedfrom a
can be g dgyiceiuciy ahe Fpmeisn gl anzssortutedffrowureagage fsr ptedsarerdonection,
preferentially by a digital flow neter 40, measuring

from which ewsd flow hate 9fis giveagat cavbe @lelattiwever, for
sinplicity, the flow nmeter 40 can be a deyice such as

a rotameter with an associated pressure gage for
pressure correction, fromwhich mass flow rate of a

Ihe £RsIASw G2 'egﬁ'll.\gé gglsaﬁ]'%ﬂlﬁl %g&éag?f?? é’lfﬁ l'hgéﬁ %gltécgs'sigxee such that the

heat1 ng gas shou era
. h that. t he nmaxi.mum.anount .of energy can be .
maximy e?‘ﬁn\‘?‘é‘P‘eOJ PGy En 6’8&1&?’%‘3 12 the@opvder FLxthyenp figrmimigm amount of
. of tinme, The theoretical equation for the amount of .
time. Thefheqratingl egeption for thavememtr time tpuitadia twhdvie C, MT /sg, C.AT,
t he mass of the bl ock powder mixture, Cb is the

where, Mf fseibe mass spheiblock gosaler afixtufee @y io e dFROEES spBLictHes! of the block
ga is the mass rate of flow of the heating gas, and Ca

- powder nfixfuf g5 REBE ldes hRabr Abwt Jﬁh@ﬁ@attihg%g%gﬁﬁg @lik tﬂé;sg)e%iﬁg heat of the

consi stent units of neasure. For e assu
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o 350 F (DT = 280)" then tine to heat to 350 F is 83 ‘
gas is 0 BB 0T er, B pPeBo Mot LPoY g Br S thapielo gnkeatasl from 70 T to 350 F
(AT = 22%0?:] terT teirTle to heat to 350 F is 83 sec. In practice, several factors intervene to lengthen
this time. Direct contact heat transfer is fast, but not infinitely so. Even at the micron particle
level a certain amount of time is required for the energy content of molecules of high
temperature gas to raise the particle temperature. In addition, as the particles heat up this transfer
rate slons; being proportional to the AT between gas and particle. Nonetheless, the transfer rate
is many times that of a pure conductiqn process. Mo;e noticeably in practice, sémé portion of the
'ériergy content of the heated gas goes to heat up the metal in the mold and piping components,

and therefore ii;itially passes through the mixture at lower than assumed temperature. Those

skilled in the art will appreciate that several design improvements are possible that mitigate these



this time. Direct contact heat transfer is fast, but

not infinitely so. Even at the mcron particle level a
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content of nol ecules of high tenperature gas to raise

the particle tenperature. In addition, as the
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-, such as to auto conpensate for this effect. In
~practice, the process is quite stable and to sone

ree sel f-conpensating, so that precise control is
' Iﬂgz?s p]eggeéggq 31_1at operation o% the mold at target temperature for sevéral minutes

~ ensures that all polymer particles have reached vicat and become binders as desired. Graph "1,
below, shows recofded temperature data for typ'ical operation, where the system was held at

ter'npefature for about six minutes after heat up.



It has been found that operation of the nold at target
tenperature for several mnutes ensures that all
w@oelogsdiaparti cl es have reached vicat and becoPET/US2004/034593
bi nders as desired. Graph 1, bel ow, shows recorded
tenperature data for typical operation, where the
.systemwas held at tenperature for about six m nutes
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The temperature measured was from a thermocouple placed just downstream of the gas heater
24. A similar data record for an externally heated process would have a timeline on the order of '

.30 to 60 minutes.

| (Upon c;)mpleting the heating cycle, the gas héater 24 can be simply turned off, and the
‘gas supplied. now enteré at its ambient temperature cboling the sintered block 60 and system
down. As before, the bloql; 60 is 'bei.ng cboled by dirgqt heat exchange, but in reverse. The cool
do§vn time required is given theoretically by the equation above, but in practice a longer time is
required because the metal components of the system are also being cooled. Those skilled in the
art will recognize various fneans and methods that would hasten the cooling phése; In addition to
fchoseA préviou'siy mentioned, one could also jntroduée‘a chilléd gas from a separate source, of

water cooling once the internal temperature dropped sufficiently. Removal from the mold 26 can
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50.0 0.0 0.00 2.00 4.00 6.00 8.00 10.00 12.00 M nutes
- Tenp F Pressure GRAPH | The tenperature neasured was
wo e@sioss1ther nocoupl e pl aced just downstream of P heSas034593
heater 24. A simlar data record for an externally
heat ed process woul d have a tineline on the order of

e o R AR COTAR . ARy e

as supplied now enters at its anbient tenperature
tﬂnpﬂﬂ%ﬁﬁﬂ@&ﬂ&”ﬁﬁ@“@$¥ﬁ%ﬁqgﬁﬁblock 60 and system down. As
« before, the block 60 is being-cooled by direct heat
exchange, but in reverse. The cool down tine required
is given theoretically by the equation above,. but in

G shews an bowde peispe@ivieofraanolidrascsuited darsmaltihg arfiteablock with a
components of the systemare al so being cooled. Those

hollow ﬁgh&lxc%@ gé&n&ﬂﬁwﬁﬂé P, blis hREFREBEERN \WELIRME 268816d AR dhe same. As
hods "t hat "'woul d hast en the cooling phase; In

: prev1ous%¢?ét& N the%&]ﬂ%iﬁe %ﬁl%& Rxﬂ %ﬁéﬂe@ DO Wi U4hE ?é’ﬂté‘%m 50 in

uCe a a separate source,

e, oL S0 % laa%f S S 3 v s

soon as the block materjal 60 has cooled sufficiently

is contaiped befwees thsi praews ippeavalied$ ardiherroreys yeigboyter walls 30,"the top 52
structural integrity.

and bottom caps 54 form top and bottom walls of the mold and are not porous, thus constraining

the hot gas passing radially through the powder mixture. All joints.are sealed to prevent leakage

at the gas pressures used in the method.

The hot gas enters the inner cylinder walls 28 through holes _(no;c shown) exposed in the
10wer~p1enum 25. The porous metal cylinders comprising fhe inner 28 and outer 30 mold walls -
are typioally made of stainless steel ot titanium sintered metal such -as that made by Graver
Technologies (Gla:sgow, ‘DE), Mott Corporation (Farmington; CT), or GKN Sinter Metals
(Auburn Hills, MI). The porosity of the mold may vary from 0.5 microns to 10 microns, with the
most preferred embodimient being 2 microns. Sélection of porosity is dictated by the particie éize
of the powders beingl processed such that it is neither penetrated by the péﬁicles nor blinded, and
also by the desi‘red'resistanceAto gas flow (pressuré drop) in ;che process. Pressure may range
from less than 1 bar (14.5 psig) to ‘10 bar (145 psig), with the most preferfed embodiment being a-

pressure in the range‘ of 1 -2 bar.

11



FIG 2 shows an outside perspective of a nold 26

suited for nmaking a filter block with a holl ow
wa@ydosnsilisgal geonetry while Fig. 3 is a cross BEDUSN4/034593

of a nold 26 suited for the sane. As previously

detailed, the nold 26 is filled with the powdered

P B 3 PRI, 84 PGS RS oo
oinanfE W 0R Ry B S8k SRR LR PG e rt 26

Al 30, tHe fog 52 and bottom caps 54 formtop and bottom ‘

ternatipgly.¢he plock sanbe rpmaved diom Hstbotfervbisremayabof the bottom inlet plenum
constraining the hot gas passing radially through the

25 and pigvitfle Aneither tray. of Abinojingribs fiteebloeklio8ds thromstey@titl extraction of the
| eakage at the gas pressures used in the nethod. The

center piro§0 gasuginthe bsitbieap HAe folytediercindetios vagh ﬂfértg% gstﬁze removed,

hol es (not shown) exposed in the |ower plenum

as showROIO/IE, A7 §u@|h that! the $8ERHRCONDE Iggﬁ) {Sg tﬁ_g%nétgt?@ rs%'rﬁgre?%?ock 60 surface

outer 30 nold walls are typi e starnless

hes b [t ani jr tal such as that made ,
pushes 86 B8k Sl AhE Mo, Tt RRORearSt Tt s pbrabiet/of automatic

(Farmngton, CT), or GKN Sinter Metals (Auburn Hlls,
removall\ﬂl%-c&mig CW8§1|(1%‘§/ of the mold may vary fromO0.5

mcrons to 10 mcrons, with the nost preferred

enbodi nent being 2 microns. Selection of porosity is

dictated by the particle size of the powders being .

Prose sgBediinsihe tartt wid recogriize thef other fipartdoclasiegedyart Bmade by this

parpjcles nor blinded, and also by the desired
method by sirisdhde desigrooftie hdlawublp aﬁmdﬁw&h%}ousrb&iﬂaar@és%fﬁékmg disk
, . Pressure may range fromless than 1 bar (14.5 psig) to
and rectdfbular filtckBlodAs! 19) theWnbRodN 6 TSY ok Loe

bei ng a pr essur%)i r? theor ange g@g&ﬁé@ﬁ%ﬁ@%ﬁ@géﬂmd 5B,
nmpmxh%ﬁ9|0ded view of a nold 26 suited for making a filter

block with a hol | ow _

In addition to the structures, sequences, and uses immediately described above, it will Be .
apparent to thoge skilled in the art that other modifications and variations can be} made to the
method of the instant invention without divergipg from the-scope, spirit, or teaching of the
invention. Therefore, it is the intention of the inventors that the description of instant invention
should be considered illustrative and the invention is to be limited only as sl\)eciﬁed in the claims

and equivalents théreto.
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cylindrical geonetry, showing the sintered filter
bl ock 60 ejected fromthe nold 26. Alternatively, the

whbosksaamn be renoved fromthe bottom by renoveCT/O820041634593

bottominlet plenum 25 and pin 50. Another way of
removing the filter block 60 is through partia
extraction of the center pin 50 through the bottom cap
54, followed by reinsertion with the top cap 52

Weclafrgoved, as shown in Fig. 4, such that the friction of

1.

2.

the pin 50 against the sintered bl ock 60 surface:

% ?1? d ﬁ)?)pt% chrtggg sbr:ﬁ ﬁfc AL E&cgn@’t lggcgé}pg(/gqr;ggfer the method

machi nery can provi ded. Those skilled in the art wll

.Campn$B%ogn|ze that other filter block shapes can be made

ﬁ% this nmethod by suitable design of the nold such as

| ds selpatingparioirsuis ocomipnisies léast onek polymdi sindamd least one carbon
rectangul ar filter blocks by the nethods of this

I nventompowsd; shown in Figs 5A and 5B, respectively. Ih
addition to the structures, sequences, and uses

bymedpaivalivg degeri bed above it will be apparent to
t hose skllled in the art that other nodifications and

YRri ahipns sﬁﬁ[}%&@% | VSattt&nBQ?r 1e, s{gﬁ L vig f%t ttsxgl%elgtgqsf% %f:mg&eterrmned

I'nvention"w t
it is the

fﬁ?gﬂb¥§ﬁ%%ﬁksﬁg°?ﬂggﬁ Bgmgggae%%8n&8§%¢$ptlon of

instant i.nventi.on should be considered illustrative

%d t Wérofl‘tlﬁ}%ﬁfflé epigdiges jator ¢ wmald flefned, bugnigper and exterior walls,
in the clainms and equivalents thereto.W claim. 1. A
met howh¢rein 35 lesdiuaicrigtesios watl end dt Iastivon ebledokwbl idpermedble to the
heat transfer, the method
heated gas;

e) passing said heated gés heated gas through said mixture between said interior and
. exterior walls; and

d) sintering said mixture for a predetermined time period by direct heat transfer,

. whereby a sintered carbon block is formed.

The method of Claim1, wherein the method further comprises the step of compressing the

gas prior to heating the gas.’

3.

" The mefhod of Claiml, wherein the gas'is chemicaily non-reactive with said polymer and

carbon mixture.
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conprising: a) selecting a mxture conprising | east

one polyner and at | east one carbon conpound; b)
w@e@sioskiimg) a gas; c) heating said gas to a Vi CBET/US2004/034593

tenperature, said vicat tenperature being determn ned

by the conposition of the polynmer and carbon m xture;.

i ntrodugi 'spi d heated gas into a nold defined by,
4 The gpisthod of Gl E WharC e go i aslctod e the grosmeomprising carbon
interior wall_ and at |east one exterior wall is

dioxide{&Qep gBiregendNe)s BelfiEns F@mpient ayospherig sy sai d heat ed
gas heated gas through said m xture between said
interior and exterior walls; and d) sintering said
m xture for a predetermned tinme period by direct heat

5.  Thansdtesd oMIBHRbY, wheabintes ﬁéaté‘cﬁ@@@ﬁad@ésoﬁifoﬁ%h $0ER Gne permeable
2. The nmethod ofdainml, wherein the nethod Turther

o : t he i . i
ot A4 el 5l SOTREESR AHAFS BT s on

. |.S: ically non-reactive with said polynmer and
pemeag%%%ge?]‘w?ng’% ure. 4. The nethod of Claim1, wherein the

gas is selected .fromthe group conprising carbon
di oxi de (CO2X nitrogen (N2), helium or anbient

at nospheric air. o _ : .
6. The method of Claim 1, wherein said gas is recovered and recycled upon passing through

said mixture.

. The method of Claim 1, further comprising the step of cooling said sintered carbon bloék,
wherein a gas is cooled, introduced into the mold By way of at least one pérmeable interior wall,

.passes through said sintered carbon block and is exhausted by way of at least one permeable

ekterior wall. '
8. - The method of Claim1, wherein the mold is formed of a porous and sintered metal.
9. The method of Claim 1 whetein the amount of time the mixture is sintered is"goirerned by

the equation: |
- t=M, Cy AT o/ qa C,AT,, wherein
.- My is the mass of the block powder mixture;
| C‘lb.‘is the effective speciﬁc ﬁeaf of the block powder Iﬁixture;

qa is the mass rate of flow of the heating gas; and
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5. The nethod of Claim1l, wherein the heated gas
passes through at | east one perneable interior wall of
wa anod/opaakgl, t hrough said pol yner and carbon ni RECT/US2004/034593

and out through at |east one perneable exterior wall.
6. The nethod of Claim1l, wherein said gas is
recoyver ed re on passing through said
r‘ﬁek ﬁ‘f’né c}‘é‘ %?EO%F:}?S% %E 3 aim 1, further conprising
the step of cooling said sintered carbon bl ock,
wherein a gas is cooled, introduced into the nold by
way of at |east one pérneable interior wall, passes

10.  {Theoughod of Glaginrt whedincthe s ibheatéd anal tenSpeeasth&u&@ﬁChpbbbmmately
.way of at |east one perneable exterior wall. .

275°Fﬂ'd1q)pi@t1ﬂ1@tﬂal}oztoo@1:al m , wherein the nold is forned of a
porous and sintered netal. 9. The nethod.of Caiml
wherein the amount of tine the mixture is sintered is
governed by the equation: t = MCbDT b/ ga CaDTa,
wherein . My is the mass ofthe bl ock powderm xture; Cb
is the effective specific heat of the bl ock powder
m xture; ga is the mass rate of flow of the heating
gas; andC3 is the specific heat of the heated gas. 10.
The nethod of CAaim1l wherein the gas is heated to a
tenperature fromapproximately 75 F to approxi mately
400 F.
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