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DRYING METHOD FOR CERAMIC GREENWARE

CLATM OF PRIORITY
{001} This spplicadon clains privrity from US Provisional Application Serial No.
617338457, filed June 28, 3010; and from US Provisional Application Serial No. 61/350,802,

filed Reptember ¥, 2010; both incovporated herein by reference.

FIELD OF INVENTION
fagay The present invention relues w a mwthod of drying wet cenumic greenware

badies with improved productivity.

BACKGROUND

[803] Ceramic parts are gererally prepared by fooniing & mixture of a ceramic
precursor, a binder and a lguid carrier, shaping the mixture ido a near net shaps, removing
the Hqaid camier, removing the binder and then exposing the remainder of the components o

conditions {0 {orni the ceramic structure, Typically, the ceramic stracture Is formed by heating

the precursor (e ligh emperatures, in some cases in the presence of a reactant. Removing the
figuid carrier before remaoval of the binsler and formation of the ceramic structuge is necessary
to allew the subsequent steps to function as desived, A prafereed cagder i water.  The shaped
part resulting from the shaping step is referred (0 as greenware. Stresses are introduced into
the gresoware dudog removal of the Haguid cardder. Such stresses can cause cracks in the
aresnwars and the subsequent cerantc part. One class of ceranmic parts for which this process
ts used e How through filters. Flow throogh filiers generally coniprise stnictures having two
opposing faces with channels or passages that extend from pae {aos to the other face. o one
smbodiment, every other opeaing for the channels or passages sre plugged on one end and the
others are phigged on the other end. This means that for every chaonel aft adjacent channels
ave plugged on die opposite end. The poactical import of this stvetars 16 that when a Puid is
introduced to one face of the flter it must How into the open channels an that face and pass
throagh the walls between the channels to the adjacent channels o reach the opposite face.
Maderials, such as solid particles that ave lager than the pors in the walls ave filtered out of
the fluid and retained on the introduction side of the walls of the channels. The presence of
cracks or defecis in the final ceramie flow tduongh filter can allow pasticles, that the filter is

designed {0 maln, to pass Hwough the cracks and deferts o the second face of the flow
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through filter thereby rendering the filter melfective. The step of removiag the loguid carrier
csives  significant percendage of cormrde greenwars parts (0 crack or form voids or defects.

{004} What Is necded is 8 method for removing the Haquid carder from wet peramic
greenwire whereln the vecarrenve of cracks, voids and defects are sigaificantly reduced and

are at a low level.

SUMMARY OF THE INVENTION

in one embodiment the prosent invention relates W a method comprising &) placing
wel ceratrds greenware body on & carrying structure, and b} exposing the wet ceramic
greenware body to conditions such that the liquid carrier in the cerarie gresnware body is
substantially removed; wherein the carrying structure contains a carrying sheet comprising @
material which retains its shape vader drying conditions, the carrying sheet having two fla
parallel facey and o plurality of walls perpendicular to te flat paralled faces wherein e walls
form a plorality of fluw passages compunicating between the two faccs wherein the largest
distance between any two walls in the carrying shest is about 6 mm or fess and the walls have
a suflieterd thickaess 1o support the wet ceraroie greenware body under dryiag conditions
without deforming and the avea of the flow passages measwred parallel to the twa faces i

from about 60 1o abowt 90 percent by volame,

{005} In one embodiment, the carying stucture comprises a carrying sheet having
sufficient properties and thickoess to retain iis shape, nivt defonm, under liquid carvier remuoval
conditions. In ancther embrdiment, the carying structure comprises a carrying sheet which is
adupted to directly contact and support the wel ceramiv greenware body and 2 support plate
which functions 1© provide sufficient stiffness to the carrying strecusre 5o that the canving
structure retans Us shape under liguid carder removal conditions. Preferably, the hguid
carrier is removed by placing the wet ceramdc greenware body supported on the carrying
structuse in an oven. Preferably, the Nquid carder is removed by contacting the wet ceraniic
greenware  body with a drying Huid or by exposing the wet ceramic greemware body o a
vaceam, In one prefereed embodiment, the wet coramic greenware body is placed in an oven
and a drying fluid is contacted with the wet ceramic greenware body or the wet ceramic
greenware body is exposed 10 a vacuum. Preferably, the wet ceramic greemwars budy
supported on the carrying stractire is placed in an oven, eidser periodic (haich type) or belt
drven {continuous throughput) and contacted with a drying fluid or exposed © a vacuum
widle i the aven.

{063 it should be appreciated that the above referenced embodiments and examples are

non-limiting, @ others exist within the prosent invention, as shown and described herein. The
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methods of the invention result in a higher porcentage of ceramic parts prepared which are

crack, void and/ or defect free. This resalis in a more efficient production method,

DESCRIPTION OF THE DRAWINGS

Q077 Figure 1 is a conventional carrder structure,
{008} Figure 2 is 3 out away view of the conventional carvier stnicture of Figure { along

ling 2-2 wherein the view s alon g a plane perpendicular to the face shown.

{608} Figure 3 15 a view of a sapport plate useful in a carrier siructirs.

foatay Figure 4 i3 3 cut away view of the carrier shest located on the support sheet of the
carrier stractyre of Figure 3 along Hine 4-4 wherein the view is along o plane perpendivular fo
the face shown.

LAY Figare 3 is a view of a socond embodiment of a support plate of « carrier
structure.

{0012} Figure & is 3 cuf away view of a carvler sheet Jocated on the second embodirmsnt
of & support sheet of the carder structure of Figure § along line 6-6 wherein the view is along
a plane perpendicolar to the face shoowan,

{06131 Figure 7 is a view of the first embodiment of a casrier structure of the invention
from above the carder sheet disposed on the support sheet,

[6014] Fignre 8 i 3 view of the second embodiment of @ camvier structars of the
Invention from above the carder sheet disposed on the support sheet,

{0015} Figure ¥ is view of the first embodiment of the carrier structure of the invention
localed ont a cowveyor during the drving process.

fouis] Figurell is view of the second embodimeni of the carder stracwre of the
invention Incated on a convevor during the drying process.

(00177 Figuee 1 ilustraies an embodiment of a support sheet whersio an insart is ased
to create an air gap.

{0018} Figure 12 is « cut away view of the support sheet of Figure 12 showing also the
carvier sheat disposed thereon.

{001g) Figure 13 iz a side view of an embodiment of a sapport structure wherein the

camying sheet i¢ supported on the peripheral raised section of the support sheet,
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTY

[B020]  The esplanations and Hlastrations presented hereln are intended © soquaint
uthers skilled in the art with the invention, its priaciples, and its practical application. Those
skilted 1n the art may adapt and apply the invention in its nomerous forms, as may be best
suifed to the regquivernents of a particelar vse. Accordingly, the specific embodiments of the
present invention as st forth we not intended we being exhaustive or Hmiting of the invention,
The scope of the fovention should, therefore, be detenmined not with seference 1o the above
description, but should instead be determined with reference © the appended claims, along
with the full scope of equivalents to which such clainw are entitled. Other combinations are
alse possible as will be gleaned from the following claims, which wre also herchby
incorporated by reference info this written deseription. Each of the components introduced
above will be further detailed in the pacagraphs below and iy descriptions of Hlustative
examplesfembodiments,

[8621} The present invention is directed w a unigue solution for removing the fiegeid
carrier from wel ceramic greenware bodies wherein a low percentage of the resulting cerantc
bodies contain defects, preferably the percentage of defective veramic bodies iy abouat 20
percent or less, more prefersbly 10 percent or loss and 2 percent 01 less, Stated aliematively,
the method results in a high percentage of defect free cotamic hodies, preferably 80 percent or
greater of defect free bodics, more preferably shout 90 percent or greater of defect free bodies
and most preferably sbout 98 percent or greater of dofect free parts. Defect s used herein
means the ultimate (foal) cermpice body contsdng a crack or void which interferes with
function of the body. For instance, where the uhtimate ceramic body is designed as a flow
through filter @ defect is a crack or void which passes padticles through the walls of the
ceramic body which the ceramic body is intended to filter out of a fluid stream, that is the

body does not retain particles it is designed t retain and allows them o pass through walls of

the bady.
{0022] As used herein the ferm wel Coranuec Sroonware means coramin gresuware

containing a sufficient amound of liquid carrier ty be shapeable, Generally this means that the
grecaware contains a significant amoant of Hquid carrier, for example from about 23 w abowt
38 percent by weight of the wet coramic greenware, Substantially removed as used in the
context of vemoval of the Hauid camvier from the wet ceramic greenware means that the
greenware can be subjected to removal of the binder and formation of the ceramic structure
without the Hquid cander interfering in the process. In this context, suhstantially removed
means that about 10 percent by weight or less of liquid carvier is retained in the ceramic

gresnware body and moge preferably shout 2 percent by weight or fess,
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{023 Ceramic parts are generally prepared by contacting nne of mawe precunsors for the
cerandc structure, ceramie preeursors, optionally one or more binders and one or more Hauid
carriers. The ceramic precursors awe the reactants or components whish when expossd w
certain conditions form a coramic body or part. Any known cerwmie precursors may be
utilized in the formation of wel ceramic greﬂmvma hodies and alumately ceramic bodies
derived from the methnd of the invention, Included n cerapic precursors are the precursors
uwiilized to prepare mudlite bodies {such as disclosed in US 7485594 US 6,053,554, UK
4,948,766 and US 5,173,349 all incorporated heredn by reference), siticon carbide bodies,
cordierite bodies, aluminom tianate bodies and the like. Binders useful in s nvention
inchide any known materials which render the wet ceramis greenware shapeable, Preferably,
the binders are orgasie meferialy it decompose or burp at temperaties below the
temperature wherein the cerapyic precursors react 1o form ceramic bodiey or parts. Amaong
preferred binders any those deseribed in Tnprodiuction to the Principles of Ceramic Processing,
I, Beed, Wiley Interscience, 19838) incorporatedt herein by seference. A particalarly prefesred
binder 3 methyl cellofose (uch as METHOUEL AISLY methyl celhidose, The Dow
Chemical Co., Midland, Mich.}. Liguid cardlers inclade any Hgesd that facilitates formation of
& shapesble wet ceraptc mivture. Among prefeored Hauid camders (dispersants) are those
materials described in dntroduction fo the Principles of Ceramic Frocessing, 3. Reed, Wilsy
fnterscience, 19883 A particnfardy preferred liquid carrier is water, The mixture usefol it
prepaving wet coramic greenware bodics may he made by any suitable methad such as those
known fn the at. BExamples inclode ball milling, ribbon blending, vertical screw mixing, V-
blending and altrition oudlling. The mixture may be prepared dry (e, in e absence of a
lguid cacder) or wel. Where the mixture is prepared in the sbsence of a Haquid carrier, a liguid
cafrier is added subsequently utilizing any of the methods deseribed in this paragrapht

{241 The mixtare of ceramic precursors, optionally binders, and Hegubd carriers may be
shaped by any mcans known i the st Examples inchude injection soolding, exirosion,
isostatic pressing, slip custing, roll compaction aml tape casting. Each of these is described in
mare detail in ntrodaction to the Principles of Ceramic Frecexsing, 1. Reed, Chapters 20 and
21, Wiley Interscience, 1988, incorporated herein by reference. In a preferred erobodiment the
mixture is shaped into the near net shape and size of the slimate desiced ceramic body, sach
as a flow through filler. Nowr net shape and size means the size of the wet ceramic greenware
body is within 10 percent by volume of the sz of the final coramic body, and preferibly the
size and shape is within § percent by volume of the size of the final ceramic body. Preferably
the wet ceramic greenware body does not have any of the channels or flow passages blocked

or plugged.

(53]
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{0028} In a preferred embodiment, the wet coramic greenware body is shaped such that #
san be atilized @ o flow through filter. At this stage in the process the wet ceramin graenware
body has two apposing {aces which are substantially planar, The wet ceramic greenware body
exhibits a cross sectional shupe which is consistent for all planes parallel to the two opposing
faves, The cross-sectivnal shape can be any shape which is soitable for the indended use. The
shape may be jrregalar or raay be of any known shape. Preferably the cross-sectional shape i
wund, oval or polygonmal. In ove preforred cmbodiment, the shape is round, oval or
rectangitdar (including square). I the shape is frregalar, it is preferred that the shape have st
teast one surface that s planar such that the wet ceramic body can be disposed on the careying
sheet on the planar surface. The wet ceramic greenware body has a plarality of walls formed
which extend from one opposing face to the other opposing face. The walls form a pluratity of
flow passages that extend from one opposing face o the othey opposing {ace. Preferably, at
this stage, all of the How passages am open w both opposing faces. This allows more efficient
removal of licpid carriee,

{0028 Thereafter the wet ceramis greenware body 18 subjecied to cunditions fo remove
the liquid cardder, that is to dry the wet ceramic greenware body. The wet ceramic grepnware
body i placed on a carvying structure while iy subjected o the liquid carrler removal
conditions. The curying structore pecforms the function of supparting the wet cermmic
greenware body through the liguid camder removal process. Additionally, the carrving
structure performs one or more of the following functions: preventing the part of the wet
cevamic greenware body in contact with the carrying structuse from deforming; allowing one
or more drying flakls b contact the pant of the wet coramie gresnware body in contact with
the carrying structere; and allowing any lquid carrier exiting the wet ceramiv greenware body
to raove wway from the wet ceramic greenware bindy,

{00271 The vamying stroctsre comsists of one of more camrying sheels in one
embudireent. In another embodiment, the earrying structure comprises one or moge carrying
sheels and one or more support sheets, The one or more carrying sheets function o direetly
contact and sapport the wet ceramic gresnwire body during the liquid carder removal
process. Preferably only one carrying sheet & uiilized. The one or more support shests
function 1o support the carrying sheet in manner that the wet ceramic body retains its shape,
does not deform, daring the Hapid carrier removal process. The one or more sapport sheets
may pt—)rﬁuriﬁ ane or more of the following additional functions: facilitate contact of the drying
fluid with the wet coramic graenware body, facilitating flow of liquid carrer away from the
perarnic greenwars body, and facilitating the carrying the wet commic greenware body
theough processing steps, Preferably, the carrving stracture contains one supportshest. Retains

its shape, or does not defonm, means that the wet ceramie greerware body does not change in
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shape and the portion of the wet ceramic body in contact with the carrying structure remains
substantially planar. o one embodiment, retaing its shape, or does not deform, means that the
wet ceramic greenware body portion in contact with the carrying structure does aot dimple
daring the liquid carder rentoval process.

[ou28] The camrying sheets have two opposing faces parallel 1 one another which are
planar, fat, Located between the faves B a series of interconnected walls perpendicular to the
two faces. The walls form How passuges which raverss the thickness of the earrying sheets
ard are open on both faces. The flow passages allow fhuids to pass from one face w the other
face and thereby through the carrving sheet. The walls have a thickness sufficient to provide
structire to the carrying sheets. Thickness in reference o the walls refers to the dimension of
the walls in the direction paralle! to the faces of the carrying sheet. The thickness is chosen
such that the carrying sheet retains it shape wnder comditions utilized for Yiquid carrier
rerpoval. Preferably the walls have a thickness of about 0.1 mm or greater, more prefersbly
about Q.2 mm or greater and wost preferably abowt 0% mm or greater, Preferably the walls
have a thickness of sbout LU mm or less, more prefersbly about 0.5 mm or less and most
preferably about 003 mm or fess. The walls are interconnected in « manner such that ender
iquid carrier conditions the wet cormmic greenware body retains its shape, does pot deform,
under Biquid cardier removal conditions. In @ preferred embodiment, the walls form a
repeating pattern, such as a series of regular interconnected shapes, Preferred shapes include
ovals, eircles, regular polygons and the like. Move preferred shapes are circles and hexagons.
in the embodiment whersin the shape is 3 hexagon, the patiern visible from the perspective of
either face Is & honeycomb pattern. The area of the flow passages front the perspestive of each
face of the carrying stracture is selected such that the flow of floids twough the carrying
structure facilitates contact of the drving fluid with the wel ceramic gresnwars body and
removal of the fiquid carder from the vicisity of the wet ceramic greenware body, Preferably
the area of the flow passages from the perspective of the fices of the carrying sheet is abowt
60 percent or greater and more preferably shout 70 peresat or grester. Preferably the arca of
the How passages from the perspective of the faces of the varrying sheet is about 99 percent or
fess, mose preferably about 95 percent or less, even more preferably about 90 percent or Jesa
and most preferably about B0 percent or less, The dimensinns of the flow passages, distanog
between the walls, are chosen such that the wet ceramic greenware bodies retain their shape,
dao sot defors, under liquid carder removal conditions. If the dimensions of the flow passages
are foo large the portion of the wet cevamic greenware bodies in contact with the face of the
carrying sheet can sag into the holes and permanently deforsn The stress introduced can
confribuie to cracking and defects in the ceramic greenware bodies. The distance between the
walls of the flow passages, the size of the flow passages transverse to the flow and paraflel to

the face of the canrying structuse, is preferably about § mm or less, more praferably about 4.5
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nua of less and most preferably about 3.8 yom or fess. The distance between the walls of the
How passages, the size of the fow passages wansverse © e flow and parallel to the face of
the carrying stoucture, s preferably about 1 rom or greater and most preferably abowt 2.5 mm
or greater. The carripr sheet can be prepared front any maderial that facilitates fonmation of the
desired stracture and which does not lose its shape, or deform, under conditions for fguid
vartier rernoval. Glass, ceramic, and composite muterials can be used in conjunction with the
present invention so fong as the mateddals can be provessed such that open pathways can be
crested transverse to the plate thickness direction (e.g. boneycomb type} in order to Rifiy
vequirement for airdfow twongh the suppoet plate thus enabling the drying of wet, green
{undired) filter pads. With regaed o the diying support plate embodiments of the present
mvention, classes for additional matedals selection may be selected from glass, servarnics, and
composites, or comprised of any combination of the aforementioned classes including plastic
and polymeric materials. This s because such materials offer specific factors including, but or
aot hmited to, inpuct steength, rigidity, chemical darability, elevated temperature strength
and processability. The carvier sheet preferably comprisss a polymeric material, glass,
cerymic muterial, composites, blends, alloys or two or more of the described materials,
foa2e] Preferably the carrler sheet Is composed of a material that has properties that
mateh these eriteria. Prolerably, the material has a combination of heat distortion tlemperature,
as determined by ASTM D048, and flexaral modules as detormined by ASTM D796, such
that the carrier sheet retains its shape, does not deform, under hquid curer removal
conditions. Preforably, the muateral bas a heat distortion ternpersiure {at 0.45 MPa kead), as
determined by ASTM D648, of abowt 163 °C or greater and more preferably showt 204 °C or
greater. Preferably, the material has a hest distortion femperatore (at (.43 MPa load), s
determined by ASTM DG4B, of about 232 °C or less and more preforably about 218 °C
less. Preferably, the material has a modalus, as determined by ASTM D790, of sbout 2.5 GPa
v ogrester and more preferably abowt 3.0 GPa or greater. Preferably, the material has s
madalus, as determined by ASTM D70, of aboat 3.5 GPa or less and more preferably about
3.3 5Fa or less,
{0636] Where the carner shet is composed of a polymer, preferably the polymer is
polyether imide, polysolfone, fiber reinforced nylon, polyether sulfone, polycarbonate,
polyphenylene ether, blends or alloys thereof, and the like. Prefersble polymeric materials
Include hat are not Hmited o, pﬂi}*phth;ﬁais;\. carbonate {e.g., Lexan from General Electric) a
high heat polycarbonate. polyphesylsalfone polymer {2.g., Radel R available from Salvay)
polyethersulione (6.2, Radel A available from Solvay), polyphenylene sther {e.g., SABIC
PPO), wansparent amorphous thermoplastic polymer (e, sulfone polvmers sold under the

trade name Sopradel polywers available from Solvay), and combinations, blends, andfor
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alloys of two or more of the above. More preferred polymeric materisls include polyether
wnide, polysatfone, fiber reinforced nylon, polyether sulfone, blemds or alloys thereof, More
preferred polymeric materials are polysther fmides,

{003t Composiies useful for the carvier sheets include polymeric matices of one oy
more thermoset or thermoplastic materials having dispersed therein reinforving fiberx or
minerals. Preferred reinforcing fibers include glags, carbon fibars, natural nineral fibers,
graphite fibers and the like. The reinforcing material may also be any nabiral mineral having a
platy structure or high aspeet ratio, Such minerals are well known in the ati.  Preferred
compasite systems for ase in connection with the present jnvention, include high meliing
reinforced semi-crystalline polymers, such as, syndiotactic polystyrene refnforced with glass,
minerals or combination thereof {2.g.. Idemitsy Xaree), polvethyvlene terephthalate reinforced
with glass, mdnerals or a combination thereof {eg.. Dupont Rynite}, polyphenylens sulfide
reinforced with glass, minerals or a combination therenf {e.g., Fortron), Yequid corystal
polymers {e.g., Celanese Ticona, DePont Vectra, Xydar polymers from Solvay), reinforced
with glass, minerals or & combination thersof, Nylan or polyamide copolymers {e.g., Fytel
and Fenalte from DoPont, Amodsl from Solvay), reinforced with glags, minerals or a
combination thereof, polyesier refnforced with glass, wminerals or a combination thereot,
graphite thermoset composites, and random fiber composites with polyelefin matrices.

j0032) Proferably the ceramic materialy include aluminum oxide {all grades) aluminum
sride, cordierite, fused silica, glass-ceramies, magnesium oxide, mullite, mullite/cordierite
mixtares, siticon carbide, siticon nitride, zivvonium oxide, and the like.ore preferred cerantic
materials include aluminum oxide amd rusdlite/cordierite mixtures.

{0033] Where the oven used in the process for removal of the hquid curder & a
microwave oven, the material wsed for the carrier plate s preferably microwave transparent,
Microwave transparent materfal is definedd as a material that does not couple at the spectrum
of misrowave frequencies and therefore does not heat when used fn @ microwave drving
application. Any high teraperature resistant material which exhibits Jow energy abscrption in
the radio frequency range may be used B the purposes of this tnvention. By low absorption,
is meant that the carder plate materfal absorbs filtle or ne energy in the radio frequency
range. In a particolarly preferred embodiment, the cuerder plate absorbs less than 20 percent,
more preferably, fess than 10 perceat of the energy in the ficld. Preferred microwave
transparend materials include of nonpolar amorphous materials as well as ponpolar reinforced
senui~crystalline matedals. Additionally, for convection drying applications, polar high
wmperatare plastic andfor polymers (Le., thermosefting epoxies), glass, ceramic, and
conrposites {Le., epuxy composites) can be incladed as ronterials for use in connection with

the present invendion.

e
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{00341 The carrier sheet has a thickness as measured from one opposing face 1o the other
opposing face such that the Tace of the carier plate in contact with the wet corumic greemware
body vetains its” planar shape, does not deform under Hquid camier removal conditions. A
suitable thickness is dependent upon whether the carvier sheet is self supporiing or disposed
on 4 support sheet, I the carrving shest s self supporting it may need 1o be thicker than if &
sapport sheel is utilized, allernatively the carying sheet may be thinner is a suppart sheet is
utilized. Generally, the thickness of the carrying sheet is preforably about 1O con or greater,
more prefevably about LS oo or grewter and miost preferably about 2.0 om ur greater,
{Generally, the thickness of the carying sheet i3 preferably abost 4.0 om or less and most
preferably about 3.0 cim or lass. Where the currying sheet 18 used withoat @ sapport sheet, is
seff supporting, the thickness of the carrying sheet is preferably about 1.3 om or greater and
most prefiocably about 173 cm or groater. Where the carrying sheet is used without s sappost
sheet, is self sapporting, the thivkness of the carrying sheet is preferably abowt 4.0 om or less,
aune preferably about 3.0 om or less and most preferably about 2.0 om or less. Where the
carrying sheel is used with a support sheet, the thivkness of the carrying sheet is preferably
about 1.5 em or greater and most prefessbly abowt 178 cmy or greater, Where the carrying
sheet is nsed with a support sheet, the thickaess of the carrving shest is preferably about 3.0
can or less, more preferably zbout 2.5 cor or fess and most prefershly sbhout 2.0 om o Jess, §
is a combination of features which facilitates the carrier sheet having the property of retaining
is shape voder Bquid remival conditions, The carrying shest thivkness ard the beat distortion
temperature and the modulus of the matenal from which the carrying sheet is fabricated ans
important variables. Also relevant is whether & support shest is utitized. One skilled in the art
is vapable of balancing these criteria within the defined parametess o achieve the desired
stiffress under Hguid removal conditions. The cartying sheet has one or more outer edges,
depending on the shape of the carrying sheet from the perspective of the opposing facss. The
shape can be any shape which allows the carrying sheet 4 support @ wet ceramic greenware
hody while exposed w0 Bguid carder vemoval conditions. Preferably the shape of the carrfer
sheet from the perspective of the two opposing faees iz round, oval or polygonal. More
preferred shapes are sound, oval rectangular (ncluding square) or hexagonal,

{0035} In the embodiment whereln the carrying sheet is uiilized without a suppost shest,
the cutrying sheset can inclods features which ephance ity desired function. Among such
leatures are molded edges on the sides perpendicular to the two opposing faces, indexing
holes in the edges or in the comer of the currying sheel (for instance dritled in the comer of a
honeyeomb), and the like. Such festures can be incorporated utilizing provedures well kniown

tiy those shilled in the ant.
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{0038] The suppoet sheet, when atifized, functions 1o support the carrying shest; prevent
the carrying sheet from deforming facilitate contact with the drving fluld with the wat
ceranie greemware body: functions to carry the carrving sheet with the wet ceramic
gresnwire body disposed thereupon through one or more processing steps {for instance
throagh the drying process) andfor facliitate removal of the figuid carmier from the vicinity of
the wet ceramic greenware budy: during the lguid carsier semwoval process. The support sheet
exhibits sufficient stiffness 1o alfow the carrying sheet fo refain its shape during the liguid
carrier remaoval process, The suppont sheet also has sufficient open aren in the dimction
paratlef to the faces of the carvier sheet 1o allow transport of the drying fhuid and Haquid casrier
throngh the support sheet and the carrier sheet. Typically, the suppurt sheet comprises a sheet
of material which meets these eriteria. Such shest preferably has two opposing faces paraliel
to one another and a thickness sufficient to provide stiffness to the carrying sheet. Preferably
the aupport sheet bas a thickness, measured @ the distance from the two oppasing faves, of
sbout 0.5 cm or greater and soore preferably about 0.8 ¢ or greater. Preferably the suppost
sheet has a thickness, racasured as the distance from the two apposing faces, of about 2.0 cm
or fess, more preferably abowt 1.5 om or less and most preferably abost 1.2 cm or less,
Because the support sheet doss not contact the wet ceraude greenware baddy, the support plaie
does not hive @ restriction on the size of the openings trapsverse 1o the two opposing faces of
the support plate. It is desirable that the support sheet have as much open space as possible to
factitate the transport of fluids there twough. Preferably the arca of the npenings in the
support sheet from the perspeciive of the faces of the sapport sheet 3 about 60 percent or
greater and roove preferably about 70 percent or greater, Preferably the area of the openings in
the support sheet from the parspective of the faces of the support sheet is ahout 90 percent or
less and more preferably about 80 percent or less, The sapport shest can comprise any
material that provides the recited properties. Preferably the support shest comprises g
polymer, more preferably a polymer as described above ws aseful for the carrving shest.
Where the oven used in the process for removal of the liquid carrier is a nicrowave oven, the
polymer used for the suppoet plate is preferably microwave tansparent. Preferably the
support sheet hus g recess adapted for seating the carrier sheet on the support sheet, Preferably
the support sheet comprises @ means fov cooperating with 2 conveynr system o retain the
cartier structure in the proper Incation on the conveyor systen and Facilitate movement of the
carrier structure along the conveyor, Preferably such means includes indexing holes on the
support structure which match mating profrusions or strustires on the conveyor.

[0037] The support sheet preferably has a raised portion about the periphery of one face,
praferably the fece that a camrying sheet iy placed on, whersin the raised portion sdefines a

recess from the plane defined by the raised porton. Preferably the suppurt sheet has g ledge
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for bolding the carrier sheet in place which defines a plane below the rajsed portion and the
central part of the sapport sheel, and preferably in & manner such that e carrying shest is
raised above the face of the conter of the suppost sheet so that the flaid can Tow between the
fage of the support shest and the carrying sheet and out through the passages in the carrier
sheet. The ledge can be iaset in the recess of the support sheet adapted to support the camier
sheet, In anoiher embodiment the ledge can be a separate part that is inset im0 the recess of
the support sheet. In this embodiment the ledge insert can be prepared from any material
aseful as the support sheet. In enbodiments where the carrying sheet is self supporting, a
support sheet may be otilized to facilitale moving the wet ceramic greenware hody throagh
processing. In this embodiment the confer of the sheet can be open with a Jedge sufficient to
hold the carrying sheet in place, Aliernatively, the sapport sheet can have holes in the areg
surroanded by the ledge. By this embodinent the ledge needs o have sufficient thickness
transverse o the face of the support sheet o credte an wir gap between the support sheet face
i the cender and the carrying sheet so that Thuid can Jow o all of the passages in the carrying
sheet not resting in the ledge. This is to facilitate the flow of drying fuid through all of the
passages not resting in the ledge, In the embodiment wherein the carrying structisre is not self
supporting the support plate needs 1o have sufficient points of contact with the carrying
structure 0 keep the carrving plate sl In asother cobodiment the carrying shost can be
Jarge encugh o st on the raised portion about the periphery of the support sheet such that the
recess forms an air gap that allows the drving fhuid to flow into the air pap and t aod through
the passages in the careying sheet.

{00381 The methed of the iavention for romoving Haeid carder from a wet ceramie
greenware body involves placing the wet ceramic body on & carrier strucuse and placing the
wat ceramin greernware body on the cwrder structure inoan oven vnder conditions such that the
Hguid carrier is substantially removed from e ceramic greenware body, Tn one satbodiment,
one face of the wet cerande greenware body is placed on carrier structure, This process is
zererally utifized when the wet ceramic greenware body has an wregular eross-sectional
shape, that is without a planar surfuce that can support the wet corantic greenware body on the
carrier plate or when the wet cerarsic greemware body has a circular or oval cross-sectional
shape. B another embodiment,  planar surface of the wet cersmic greenware bady having a
planar surface from the perspeciive of ifs cross-seotional shape, has a flat outside surface, is
placed on the carier structare. This is used when the wet ceramic gresnware body has a cross
sectionad shape with a planar surface that can support the wet cerandc greenware bady on its
side, for instance when the wet coramic grecoware body has @ polygonal, profersbly

rectangular, cross-seotical.
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{0038]  Any oven which assists In removing the Bquid carrier from the wet ceramic body
may be wtilized in this method. Among preferred ovens usefnl in the nvention are convection,
infraved, microwave, radio fregquency ovens and the Hhe. In & more preforred embodiment a
nicrowave oven is preferred. The wet ceramic body on a carder stracture may be placed in an
aven for ¢ sufficivat Yme for the liquid carrier fo be substantially rentoved from the ceramie
greenware body angd then removed from the oven, The wet coramic body on a carrier stractue
can be moannally placed in and removed from the oven. Altematively the wet ceramic body on
a carvier structare can be automatically introduced and removed from an sven. Any astomatic
means for introducing a part into and removing a part from an oven may be utilized. Such
means are well known in the art, In a preferred embodiment, e wet ceramic body on a
carvier structuge i3 placed on a comveyor and passed through one or more ovens on the
conveyor, The residence thme of 8 wet ceramic body on a carrder stricture in the one or maore
ovens is chosen such that under the conditions of the tne or mure ovans substantially all of
the iquid carvter is removed. The residence time i3 dependent wpon all of the other conditions,
the size of the wel covamic greenware structive and the wmpunt of figuid camier o be
removed. The erpermbire that the wet ceramic body on & carder structure is exposed to in the
one Or prve ovens v chosen o facilitale the removal of e Nguid carrier from the wet
ceramic body. Preferably the temperature is above the boiling point of the Liquid carrier and
below the softening terperatuee of material from which the carrier structure is fabricated and
the tempersiure at which any of the cormmic precursors decompose. Preferably, the
temperature that the wet ceramie body on & carvder structiure is exposed 1o it the oven is about
60 “C or greater, more preferably about 30 °C or greater and wmost preferably about 100 °C or
greater. Preferably, the teaperatire that the wet ceramic body un a carrier structure is exposed
10 fu the oven is abont 120 °C or less and most preferably shoat 110 °C o less.

{0048] The wet ceraptic greenwars body in the oven iy preferably comtacted with a
drying fhuid or a vacuum is applied to the oven to facilitate removad of liquid carvier from the
wel ceramic body. Preferably, the wet ceramic gresnware body s contacted with a drying
fluid. In the embodiment, wherein the wet ceramic greenware body is shaped as the precussor
10 3 flow through fer, whereln the flow passages in the wet cerarnic greenware body have
of the wet ceramic greenware body. This is facilitated by directing the dryving fuid to How in
the same direction as the flow passages ave disposed on the carder structe, I one face of the
wet ceramic greenware body s disposed on the carrier structure, the drying flaid i divecied
upr through the carrier stracture i the direction of the wet ceramic greenware body so that the
drying fluid passes into and through the flow passages in the wet ceramic greamware body,

Where the wet Ceramic greenware body has a flat planar dde and the wet ceramic greenware
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body is disposerd on the carmier structure on s flat plange side, the flow of the drying fTuid i«
directed 1o flow twough the flow passages i the wet ceramic greenware body. In e
embodiment whersin the wet ceramic greenware body on the carrier structare s passed
through ong Or more oVens on & conveyor, wel verarsic greemware bodies are disposed such
that the divection of the flow passages are transverse o the direction of the canveyor and the
drying fuid is passed in 2 direction transverse w the directon of the conveyor such that the
drying fluid passex throogh the flow passages of the wet ceramic greenware bodics. The
drying fuid can be any fluid which eahances the removal of liguid carrier from the vicinity of
the wet ceramic greenware body. Preferably the drying fluid is a gas. Preferred gasses include
air, oxygen, nitrogen, carbon dicxide, inert gasses and the Hke. Most preferably the drying
flaid is air. After the drying fluid is contacied with the wet ceramic gresnware body it is
rerocved froun the vicinity of the wet ceramic greenware body along with the liguid carrier
eptrained in the drying fluid, The flow of deying fluid is generated by any means which
facilitates movement of a drying fuid such as a pump, a Blower, and the (e, The flow rate of
the drying fluid is chosen to faciiltats the removal of Haeid cagrler from the vicinity of the wet
ceramic greenware body. The preferable flow rate will vary depeading on a variety of
conditions. Betermination of 4 saitable flow rate s within the ability of one skilled in the art,
Freferably the flow rate ds about 1000 cu. mvh {cabic meterghonr) or greater and more
prefooably aboat 1650 cul mvh or greater. Preforably the fow rate is about 2000 cu.nvh or less
and mxwe preferably about 1680 cu. owvh or fess,

{00413 Uther impurtant pavameters for diving ceramic parts that are afforded stility by
the carrier plate of the present invention are: two frequency regimes of microwave power
(245 GHz and 915 MHz), varied reflected powers at those freguenciss (from about U to about
100 %), relagtve hamidity that can vary from sbout  fo sbout 100%, residence time that can
viry from about 8.0 to about 10 howss 1a periodic oven or belt deiven continuors ovens, and
a maxinn part femperatire thid can range from about 50 w about 150 °C,

(0042} After removal of the Hguid carrier from the wet coramins greenware body, the
coramic greenware body can be prepavedd for comvarsion 1o 3 ceramic body snd converted to g
ceramic body, i the embodimend wherein the corarnic greenware body {8 2 precarsor o a
flow through filter, every other flow passage on sach end is plugged, preferably with
shipeable coramic greenware, wherein sach flow passage is open on one end and exch flow

¥,
8

passage that i open on one face bhas plugged flow passages adjacent o s open passage.
Thereafter, the ceramic greenware body is exposed o conditions wr harm out the binder and ©
form the ceramic structure. Processes e achieve this are well known in the art.

{30433 Figare 1 Is & drawing of the conventional varrying sheet 10 showing one of iws

opposed faces 11, a plarality of 1 om holas 12 and plastic material located between the holes
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13, Also shown are indexing holes 14 for orfenting the carrying sheet 10 on a conveyor belt,
not shewn in Figure 1 Figure 2 15 a cuf away view of the prior act shoet taken along Hine 2-2.
The view is perpendicolar o face 11 abmg the designated line. Figure 2 shows the carrying
sheet 10 and the edge of the two faces 11, Also shown wre the holes 12 and the material
lovated between the hides 13,
[0044] Figure 3 shows a carrying structure comprising one embodiment of & support
sheet 20, Figurs 4 shows a cut away view of the support shest aling Hne 4-4 which is
perpendicefar faces 21 and 27, The support strecture has two faces, a top face 21 and 3
botm face 27, Lecated 0 the conter portion of the sopport stosctags 20 is a plarality of
holes 22 having material located about the holes 23, The support structure has a recess 25
located in the top face 21 of the support structure 20, The weess 25 is defined by o raised
sction 29 disposed about the periphery of the top face 21 of the support sheet. About the
periphery of the recess is a lfedge 26, The ledge 26 functions to hold a carrving sheet 28
above the portion of the recess 25 in which the holes 22 are Jocated st a8 to lorm an air gap
38 such that a fluid, for example air, can flivy along face 21 tnside of ledge 26 and Hhyough all
of the carrying sheet 28 not resting on Jedge 26, Also shown seated oo the sapport straciure
20 15 a cerying sheet 28, In partioular the carrying sheet 38 rests on the ledge 26 such that
there is an air gap 38 between the carrying sheet 28 and the top face 21 of the support
stracture 20 which s susrounded by the Tedge 26, The air gap 38 i sufficient to alfow a fhaid
to flow along the central poction of the support streciure 20 and through the portivm of the
cagrying sheet 28 not vesting on the ledge 26, The support structure 20 also bas Tocated at
each corner of the structare indexing holes 24 adapted for matching with posts on a conveyor
belt (o hold the structure in place on a conveysy belt while the striciure is passed through an
oven as deseribed herein, The carrying sheet 28 has 3 honeycomb stracture with two faces
360, g pherality of walls 3and holes 32 which define a hexagonal pattern of a honeycomb
stractire. The walls 31 and holes 32 of the carrying sheet are perpendicuiar to the face 30 of
the carrying sheet 28 and adapted t© set perpendicalar to the face 21 of the support stuctare
23,
§0048] Figure § shows a second embodiment of & suppont structure 20 with « carrying
sheet 28 shown above the sapport sheet 20 and arrows showing where the carrving sheet 28
rests on the support sheet 20, The significam difference from Figores 3 and 4 is that the
center of the support sheet §s removed and the fedge 26 is civoular in shape forming & cireatar
opening 29 in the sopport sheet 200 Figure 6 shows a ont away along lne 66 which is
perpendicalar o faces 21 and 27, Figurs 6 also shows a carrying sheet 28 sbove the supprt
shet 20 and where the carvying sheet 28 rests on the suppodt sheet 20, The carrving sheet 38

rests on the ledge 20 in the recess 25, The carrying sheet 28 and the top face 21 of the support
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shest 20 form an air gap 38, Avows are inchuded which show the How of a drying fluid from
below the support sheet, to the passages in the carrier sheet 32,

ja048] Pigare 7 shows a view of a carrying sheet 28 disposed on a support structare 20
of the fisst embodiment from above the carrying sheet looking down through the carrying
sheet o the support structare. Shown is the ledge 26 oa which the carrying sheet 25 resis.
Also shown is thie face of the carrying sheet 28 with the walls 31 and holes 32 forming a
honeycomb stracuare.  Also visible below the carrying shest 28 are the plurality of holes 22
and roaterial 23 between the plurality of holes 220 The raised porticn 39 of the face 21 of the
sapport sheet is also shown. Figure 8 i a similar view of a carrying sheet 28 sbove a support
sheet 20 of the second embodiment. The carrying sheet 25 is supported on ledge 26 which is
circular whicl forne an open area 29 in the venter of the support sheet 20,

HO047] Figure 9 shows a sepport sheet 20 of the first embodiment iy relation to s
conveyor belt 33 having posts 34 adapted for the indexing holes 24 of the support sheet o set
upan.  The posts 34 hold the support sheet 20 in place on the conveyor belt 33 while the
support sheel and carrying sheet with a wet ceranmie greenware body 36 place on the carrying
sheet 35 passed through processing steps, such as twough a drying oven, Figwre ¢ shows a
carrying sheet 28 above the support sheet 20 with arrows showing where it would rest on the
support sheet 20 Also shown {8 o wet ceramic gresnware body 36 and where the body 36 i
to rest while being passed through an oven, Figure 9 also shows a fan 35 adupted for passing
air 1o and through the suppurt sheet 20, the cierying sheet 28 and the wet ceramic greenware
bady 36, Figure 10 is similar to Figure 9 excepl the carying sheet 28 of the secomd
embodiment is used. In both enbodimends 1 and 2 the carrving sheet 28 is self supporting
and the suppuort sheet primarily fonctions o facilitate moverent of the wet ceramic body on a
convenyor belt through provessing.

f0048] Figure 11 shows the first embodiraent of a support shest having a ledge in the
formn of an insert 37, The areow shows whese the insert 37 sets into the carrying sheat 20 on
its top face 21, Figure 1 shows the insert 37 is sef insids the raised portion 39 of the face 21
of the support sheet. Flgore 12 15 a cutaway of Fimue 11 along lines 12-12 wherein the cut
shown is perpendicudar to face 21, Also shorwn is a cartying sheet 2% set in the recess 25 on
ledge 25 o form an air gap 38, An arrow shows the flow of fluid drough boles 22 into and
through the air gap 38 and by and through the passages 32 in the carrying sheet 28, The insert
37 can be used with « support sheet whereln the center of the sheet is open as shown in
embodiment 2, see element 29, Figuves § and 6. The insert can be of any shape that raises the
carrying sheet and which allows thud flow w the wet ceramic greenware hody

{0048} Figure 13 shows annther embadiment wherein the carrying sheet 28 is placed on

the raised portion 39 about the periphery of the face 21 of the support sheet 20 such that the
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recess 2% forms the air gap 38 that allows & dryving fluid o flow therethrough and w the
passages 32 1n the cerandc sheet 28,

SPECIFIC EMBODIMENTS OF INVENTION

{0654] The Tollowing examples are inchuded for lustrative purposes only and are not
intended to limit the scope of the invention. Unless otherwise stated, all parts and percentages
are by weight.

{0651} Exsmples

u0s2} A number of wet ceramic (mallits precursar) greenwire bodies are prepared as
deseribed in US Patent 6,963,554 {ncorporated herein by reference). The wel ceramic bodies
are either placed on a conventional camrier plate, a5 showa in Flgure 1 and 2, or a caerder
struchare of the invention, ax shown in Figure 3 and 6 and passed through an oven s
described herein sfter, The conventional carrier plate has a dimension frony the perspective of
the opposing fuoes, 2476 om X 2476 om, with a thickness of 1 om, machined from a
polyagiphone plate with 193 holes of 1 om dismeter and spaced by (.5 and 1.0 cm of walls of
sohid podysulphone. Together the two plates of the suppart plate and the carrier plate {sheat)
comprise the carder steture. The support plate fs additionally characterized by having two
different level recesses muchined into the plate (shallrw and deepd; the shallow recess s
intended 1o hold the carder plate of the fnvention, whereas the deep recess serves the fanction
of delivering drving fuid and acts Bke a plemus for delivery sideways and upwards to the
veramis ware. The deep recess 15 machined with large diamsier holes €2 om in diameter) with
T om solid bridging material (waldls) between holes which atford rigidity w the entire
assenibly. A carrying plate of the inventin has & dimension froms the perspective of the
opposing Taces, 2476 cm x 2476 om, with a (hickness of 2 om, and comprises a
thermoplastic-hoseyeonth sheet of 2 polyetherimide honeyoomb of ¢.35 em eell diameter with
wall thickness of 0.02 om. The polvether tmide honeyoumb structure is availsble from Tubus
Bauer, under the rademark Ultern®,

{00631 Wet greenware ceramiv honeycomb filiers are placed alternatively on fop of
convertional plates and carrying structures of the invention on a drver comiveying belt, Wet
extruded boneycomb cerande greenwarne parts for the tests are nominally 2,500 grams in
weight, 20.32 om in diameter, and 15.4 con high. Cell density s nominally 200 UPSY {cells per
square inch), Starting moisture content is nominally between 27 and 31 percent, The wet
extraded hongyconb ceramic greenware parts are pleced on the carder plates with one face
having the end of each fHow channel placed on the carder plaes. The carder structures are
placed on o conveyor and passed throagh an oven and exposed 1o temperaturss of about 85 to

about 100 °C with atr blown from below the conveyor into and through the flow passuges in
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the wet estmuded honeyemsb ceramic greenware parts. The residence time in the oven i
about 43 minates. Over @ period of 4 months approximately 500 parts are dried using carvier
stractures of the invention and only 2 percent of sach parts show cracks or defects on the
surface; and approximately SO0 parts are dried using the conventional carrier structures and
96} percent of such parts show cracks ar defects on the surfuce.

{3084] The preferred embodiment of the present invention has been discosed. A person
of ordinary skill in the art woald realize however, that certain modiffcations would come
within the teachings of this invention. Thevefure, the following cluims should be studied to
defermine e troe soope and content of the invention. Any numaeieal values recited in the
above application inclede all valves froen the kower value o the apper value by increments of
one unit provided that there is & separation of at least 2 unils between any tower vidue and any
hgher value. As an example, if & 15 stated that the amount of & componert or a valus of a
provess variable such as, for example, tormperature, prossure, time and the like ia, for exaraple,
from 1 to 99, preferably from 20 to 84, more preferably fom 30 o 70, &t i intended diag
valoes such as 15 0 83, 22 10 68, 43 to §1, 30 w0 32 eto. we expressly enumerated in this
specification, For values which are fess than one, one unit is considered to be 0.0001, 0,001,
Q01 or 8.1 as appropriate. These ave ooly examples of what is specifivally intended and all
possible combinations of numedesd values hetween the lowest value and the Mghest value
enmerated are to be onnsilered &y be expressly stated in this spplication in a similar manner.
Unless otherwise stated, all ranges inchide both endpoims and «ff mumbers between the
endpoints. The use of “abowt” or “approximately™ in conncction with & range applies to both
ends of the range. Thus, “shost 20 o 307 I intended t© cover “about 20 1o about 307,
inclusive of at least the specified endpoints. Parts by weight @ wsed hersin refers o
compositions contatning 100 pants by weight, The discloswres of all artivles and references,
including putent applications and publications, are incorporated by reference for all purposes.
The term “consisting essentially of” {0 describe a combination shall inclode the elemends,
ingredients, corponents or steps identified, and such other elements ingredionts, components
or steps that do pot materially affect the basic and novel characteristics of the combination.
The we of the fermy “comprising” or “including”™ to describe combinations of elenments,
ingredients, components of steps herein also contemplates embodirments that  consist
cssentiadly of the elemends, ingredients, components ot steps. Plaral elements, ingredients,
copponents o steps can be provided by a single iniegrated clement, ingredient, component or
step. Alternatively, a single integrated elemeny, ingredient, component or siep might be
divided into separate plural elements, ingredients, components or steps. The disclosure of 2"
or “one” o desoribe an eloment, ingredient, corponent or step s not Intended to foreclose

additional elerents, ngredients, components of steps.
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CLAIMS
What §s claimed is:
Claim | A method conprising
a) placing wet cerantiv greenware body on 8 carrving structure, wnd
B exposing the wet cermnic greenware body to conditions such that a camvier Fluid in the

ceramic greenwire body 18 substantially reranved,

wherein the carrying structure containg a carying sheet comprising a material which retains
its shape ender drying conditions, the sheet having two flat paralel faces and a plurality of
walls perpendicular (o the flat parallel faces whersin the walls form a plarality of How
passages communicating between the two faves, the lirgest distance between any two walls in
the carrying sheet is § mm or less and the walls have a sufficient thickness to sapport the wet
ceramic grecnware budy under drving conditions without deforming and the area of the Fow

passages mensured paralle to the two faces s from about 60 1o about 99 percent.

Cladm 2 The methiod according to Claim 1 wherein the carcying structure
comprises one Or more polymeric raterials, ghies, coramic materialy, composites, beads,

alloys or mixieres thereof,

Claim Xt The method according 1o any of the preceding claims wherehy the
carrying structure coraprises a polymeric materfal which sxhibits a heat deflection
temperature and @ modulos such that the carrying sheet does not deform under dryving

conditions,

Claim 4 The method according to Clam 3 whereln the pofymeric material
coraprises polyether imide, polysulfone, fiber reinforced nyloa, polvether selfone,

polycarbonate, polyphenyioae ether, blends or alloys thersof.

Claim 3: The method according fo any one of the preceding Clddms wherein
the carrying stracture comprises a carrying sheet of sufficiont thickness to provent the

carrying shest from deforming under doving vonditions.

Claim 6: The method according fo any one of the precsding Claims wherein
the carrying structure conprises a carrying shoet on a support plate wherein the sapport plats
hias sufficient stiffness under deying conditions o preveat the carrying sheet from deforming

under drying conditions.

Clatm 7 The method acconding t any of the preceding clains wherein the

wet ceramic gresnware body on the canrying structure is placed on 4 conveying means and
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passed thwough an oven and exposed fo elevated temperatares sufficient o dry the ceramic

greenware part.

Claim 8: The method according to any of the preceding claims wherein a
drying fluid is passed over, arcund aad/or through the wet ceramic greenware body during
ying [ & g 3 &

drying.

Claim 9: The method according to any of the preceding claims whereln the

polymenc material of the carrying sheet I iransparent 1o microwaves.

Claim 1 The nicthod accarding & any of the preceding Cladms wherein the
poiymaric material of the carrving sheet exhibits a heat deflection fenmparature and a modulua

such that the carrying sheet does not deform under drying conditions.

Cladm 11 The method according o any of the preceding claimg wherein the
wet coramic greenware body is a flow throw filter baving two opposing paraliel faces and a

pluratity of channels commanicating between the two faces.

Clatm 122 The method acconding to Clam 11 wherein the drving fhad flows in
the same direction as the channels in wet coraniis greersware bady and fhrws through the

channels.

Claim 13 The roethiod according to Claint 11 or 12 whergin the oross sectional
shape of the wet ceramic greenware boddy i round, mvad or irvegular and one face of the wet
ceramdc gresnwara body 18 placed on the carrying sheet and the deving fluid is passed through

the carrving sheet amd the wet ceramic greenware body,

Claim B The method gecording o Claim 11 or 12 wherein the wel ceramic
greemvare body has one or ore planar exteror surface perpendicular to the divection of the
flow passages and one or more of the planar exterior surfaces of the wel geramic greenware
body is placed on the carrying sheet and the deving fluid is passed through the flow passages

of the wet cerantic greenware body.

Claira 15 The method according to any of the preceding claims wherein the

support structore is fabricated from the same polymenic material as the carvving sheet,

Claim 16 The method according to any of the preceding claims wherein the
polymaede material of the carrying sheet and optionally the support struchure exhibiis a heat
deflection temperature of from about 163 £° to sbout 232 C° and & modulus of about 2.5 to

about 3.5 GPa,

&0
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Claint 17: The method according to any of the preceding clalms wherein the
b 3 ]
carTying stracture consists of a carrving sheet having a thickness of aboot 1.0 om to shout 4.0

Rt

Claim 18 The method according o any of the preveding claims wherein the
carrying structare consists of a carrying sheet having a thickness of about (.5 ooy to about 3.0

cm and @ support structure having a thickness of about 0.5 cm to ghoat 2.0 cm.

Claim 1% The method according to any of the preceding clajow wharedn
support structure bas an open volume in the plane parailel to the fice of the carrying sheet of
about 60 to sbout 90 percent such that a drying fluid can pass through the suppurt siricture o

the carrying sheet and the wet ceramic sfructuse.

Clain2(: The method according w any of the preceding claimis wherein the

distance between the walls of the canrying sheet is between about 2.5 and aboot 3.5 mm.

21
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