wo 2013/032831 A1 ]I INF T 0RO 0O A

(43) International Publication Date

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

(10) International Publication Number

WO 2013/032831 Al

7 March 2013 (07.03.2013) WIPO I PCT

(51) International Patent Classification: (74) Agents: SIMS, Norman et al.; Dobrusin & Thennisch PC,
B28B 11/00 (2006.01) GO01B 11/30 (2006.01) 29 W. Lawrence Street, Suite 210, Pontiac, MI 48342

B28B 17/00 (2006.01) (US).
(21) International Application Number: (81) Designated States (uniess otherwise indicated, for every
PCT/US2012/051971 kind of national protection available). AE, AG, AL, AM,
. . AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
(22) International Filing Date: BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
23 August 2012 (23.08.2012) DO, DZ. EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
(25) Filing Language: English HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP,
KR, KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD,
(26) Publication Language: English ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI,
(30) Priority Data: NO, NZ, OM, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW,
61/527,846 26 August 2011 (26.08.2011) US SC, SD, SE, 8G, SK, SL, SM, ST, SV, 8Y, TH, TJ, T™,
TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM,

(71) Applicant (for all designated States except US): DOW ZW.

GLOBAL TECHNOLOGIES LLC [US/US]; 2040 Dow ) S

Center, Midland, MI 48674 (US). (84) Designated States (uniess otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
(72) Inventors; and GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, SZ, TZ,
(75) Inventors/Applicants (for US only): MAURER, Myron, UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,

John [US/US]; 2414 Maple Road, Saginaw, MI 48601
(US). WEYBURNE, Joshua, Robert [US/US]; 1625 Ich-
abod Trail, Beaverton, MI 48612 (US).

TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FL FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SL, SK, SM,

[Continued on next page]

(54) Title: IMPROVED PROCESS FOR PREPARING CERAMIC BODIES

(57) Abstract: A method comprising: a) determining the
bow (28) in the extension direction of one or more linear
paths on an outer surface or outer surtaces (11,13,14,16) of
an extruded ceramic part (10) so that maximum extrusion
direction bow (28) of the one of more linear paths or outer
surfaces (11,13,14,16) may be determined of the extruded
ceramic greenware part (10); b) identifying the linear path
on the outer surface or the outer surfaces (11,13,14,16) hav-
ing maximum convex bow; ¢) placing the greenware part
(10) on a carrier with the linear path on the outer surface or
the outer surface location having the maximum convex
shape in contact with the carrier; and d) processing the gre-
enware part (10) while disposed on the carrier with the lin-
ear path on the outer surface or the surface having the con-
vex shape on the carrier, such that the bow (28) is reduced
as a result of the process.



WO 2013/032831 A1 |IIWAIT 00TV VAT 0N A

TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW, _ before the expiration of the time limit for amending the

e ’ claims and to be republished in the event of receipt o
ML, MR, NE, SN, TD, TG) . d 1o b blished in th
Published: amendments (Rule 48.2(h))

—  with international search report (Art. 21(3))



WO 2013/032831 PCT/US2012/051971

IMPROVED PROCESS FOR PREPARING CERAMIC BOIHES

CLAIM OF PRIOGRITY
L This application clalms priority from provisional application sevial munber

61327 846 filed August 26, 201 [ incorporsted horein by reference in its entirsty.

FIELD OF THE INVENTION

bad

ionl The present inventimn refates gonerally o ¥ wethod of préparing ceramis hodies with

noproved shape profile and to filters prepaved fronm the cerante bodies. The present tivention
further relates generally to o method of preparing cenenic bodies having boproved parformance

and to Hilters prepaved by theeprocess.

BACKGROUND OF THE INVENTEIN

03] Diiesel and gasoling sngines smit soct particles, very fing particles of carbon and

soluble mrgamies as well as typieal bamful engine exbwust gasss (e, HO, GO and NO).

Regulations have beon enacted Grbing the amount of soot permitied 6o be mmitted. To meat these

challenges, soot filters have beent weed: The filters mwst be peripdically regensoned by burning
Fthe soot, which resulis 1o stresses fronoanial and velial Smperature gradievs that ca cause

cracking of the filter due o stiesses caused by the ditferentid tomperaines dong with the

soctfivient of thermal exparsion of the filier material.

{3 To overcoms strexses, corami honeyeonthy, such as cotabyde converters, heat
sxchangers and flters, smaller Boveyocond degirents are avseivbled into arcays of segoents 1o

tors larger honeycorab sructure {segrented substrates). Coment layers between G honeyconibs
have been wsed, for example @ orease the thermial conductivity 1o retuce the ultimats
temperature reachad I the assenbled honeyomsb sarh ay deséribed by U8 6489751,
ingorporated  heretnt by refeonce. To achiove the improved thermal conductivity, these
cemeniafsealing  layversfadbesives bave used conunie particulaies v increase the thermdal
masyeondactvity and easse of application to the soaller honeyeoanb segments, Often suct
cements are aggmerdad by the use of coramie fibers, and corwnic binders and organic binders
suelr as describedd by U8, Pat Mo, 3814187, moorporated bersin by relerencs, to facilitate
application of the cement prior fo filng (e, mduce segregation of particelates) and improve
some mechadeal properties sach as toughness of the cement.

085} The hoveycomb segments thal mre asserubled to prepare these filters do bot have
perfectly strught swiaces and gre not completely flit. Whes the surfaces bonded together hate
oy mnch vaniation of straightnesy or flatpess along the surfsee, the cement used to bond the

swriaces of the hongycomb segments together needs to be thicker than when' the surfacss are
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relatively flat and straight, Thick levers of comend can have deletssions effects on the assenhlsd
honeycambs, for instance the brokpressure i Increased and the thermal stabifity is decreased, &t
ts known to messure the flatness of segroset swfaves, sex US 6,506,666 and 1S 7870428,
wcprporated herein by refurenge, which vite HSBOGRI-1984 us 3 tesd method for measuring

Hatness, Flatness 15 gevierally measured by defing vvoe paralled planss. One plane is defined by

the imeraost surfsos of a faog of a honeyeomb segvent, tovard the conter of the honeyromb

segment {least square Ty plane of wessured poings) and the sedond plue v defined by the
putermost surface of the swne face of a honeycomb segment. The distance, computed as the
difference between outer minuy tangr, bebween the planes I known as the Hatness and s by
definttion abways positive. Lower flatness nambers are considersd bettgr, As 8 pravtion] matier

the swface i« mapped by taking several dita polads fego X, v and 2) and  fesst square 18 plans is

caleulated roathermatically based on the populdtion of poinis. In production, findshed scgments are
memsurad for Hotness and if & segment hay & oside which hay o flamesy which iy obovs the

mcaplible Hnil the sogment X rejected svsvrapped. The sorapping of o significant nambay of

seprents sdds endesirabde costa
{80s] Pricesses for the preparatson of ceramie bodios i result e a fuwber of parts laving
alomg a line or a surbiee, 3 vorved profife thowd, This curved mofile may present pm foms with
the wse of the coranie body in the intended e, Where the ceramie body is ased 1o prepars
farger cevamme armatys, sach curved profiles (e, not stralht or not flat) may reselt in the past not
being suitable for assembly e 8 larger array or require fou mueh cesnent 10 property bond the
part to other parts.
{8671 What s nocded I3 a provess fiw pepadiiny extruded cerwmic bodies witheut a
siguificant number of wuts that bave nnaceoptable bow. What is needud e smethod of preparing
segmented ceramic parts having boproved flow (e ower back prossie); boproved thermal
shock reststance and which i mete efficient than processes known o th ant {8.g which has a
higher rte of segment utilization or lowwer rate of segment rejection). What is needed 1808 method
of Wentifying sepments that have unscreptable bow or Hatness and of repaiting the bow or
flamess o therehy reduce the scrap rake of production and to sobaie the propesties of the

cormmie bodies and assemblies of cevamge hoadies

SUMMARY {3F THE INVENTION

L1 The present mventliey 15 5 octhod comprising: a determining the bow in the
£ H : &

extrusion direction of ope or mwore linear pathe on an ar:u‘i.{f;z urface o gaer swrfaces of an

extruded cerammis part so that maxisramn extrusion divection bow of the ong or more Hnear paths or
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olter sur.i’w;:e;;\_i of the extruded cenvnie grevmware part nay be detormined; by wdentifving the

&

Hnesr path on the outer serfics or the owter maface baving masimwn convex how; o) placing the

greenware part on a osrtier with the Tinsay path on the outer surface or the ooter surface Tocation
having the wasivaum convex shape in vontact with the carrier; and ) processing the greanwam
pait while disposed on the carsier with the linew path on the outer sarfsos or the awrface having
thi conviax shape on the Carrier, sach that the bow i reduced ay a rosult of the progess.

{9 Ancther embodiment of the ivention s 3 method comprisiog: &) identifying a
pumber of ponts of one or more linear paths of the eater swrface o of vater surfsces {eug. flat
stdesd ol an sxtraded covanic gresnware part having one or o Hosar paths of the sutsr :\:urfm:.az
orof outer swrfacrs (flatsides) b)Y entifying a Boear path or swrface (side) with » convex shage;

i1y placing the greonware part on & carsier with the lnear path or serface (side) baving the crvex

shape on the carnien and dj converting the greenwire part fo 3 cenanic part while dispesed on the
carrier with the Tinear path or suelace (side) having de corvex shape on the cartier and ia contact
with the carrier; whoreln the resulting eevanic part has seduced bow or Hatness of at least ons of
the linewr paths of the outer sarfses or oulor serfaces feg. flat sides). In @ preferrad embodiment
the flatsess of one or mwore Hat sides of & coramiy paet s determined. Praferably ong or yoore of

the flat sides of & ceramie partafter the process of the invention iy from-ahout € to about 3.8 vom

Preforalidy the bow of the tinear path of the outer sarface or the Hat side of the outer surfaes i
abuit 20 s ov less and more preferably sbout Ldhmm of fess. Linear path as used means a Bae
along an outer sutace of de extuded greenware past, poeforably runniug i the extrasion
dirsotion. Preferably the carer v a cowveyor rack, or plate on a conveyvor and the Cardder s
adaptad to support the part theough the process opsrations to form the part Into 1 cermmie part, In
ope wmboditent one o tiore of the surfaces of the vevamic part are coinentad © one or mors
cther cetwmin parts with watching surfaces. Proférably such msz.is;:him;g sfaces are flat antaces,
Proferably the coranie parts, segments, have a phrabity of a8 sides (swrficss). Preforably ong or
more of the liner paths andfor surfaces & mapped, wd the resulis of the mapping ars used 1w
catenfate the bow anddor Hatess of the mapped Boewr paths or surfaces. Preferably, one of the
surfaces of the greewsare put wnwrked with a referencs marking o facilitate identification of all
of the stelaces {stdes) of the gromvware part. Proferably, the resulting flatness of all of the Gdss
{vurfages) i from abowt & to 3.0 nan, Preforably the bow of all flat sarfacss or Hnear paths o the
sxtrusron dirgction is aboat O 1o about 2.0 nan

jaigg The nvention provides a wwthod for prepuring estruded cerandde pants having
soceptable bow mndior flatwess. The method allows correction of parts with vnacceptable baw

sadfor flatness. the wethod of the Invention for prepaving cormnic pats provides for the

3
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preparation of segmented ceramic parts having inproved flow (eg lower back pressus};

&

wprovest thermal perfimmmanes, and the process iy more efficient thim processes known in the ant

N

{e.g has o highor mte of segment uiifization or Inwer rate of segroent yejection). The mvthod
wentifies segments that bave wnaeceptable bow sndfw Hatness and allonws repaiving the bow
andfor flatnesy to thereby reduce the scrap rate of production and to erftance the perfirmanes of
the assembled covanie parts, Preferably the method of the tnvention results in the bow andfor
flatnoss number of the Haear path ov fhat side having a convex shage being reduced by about 23
percedl or grestes. Preferably, the scceptancs rate of the produstion of & plurality of cerammic parts

15 invregsad by 10 parcent over other production progesses,

DESCRIPTION OF THE IAWINGS

(i Figure 1 shows a cormic segment in a system for measuring the segment surfaces.
R Figure 2 shows g sogment with reference markings.

L3 Figure 2 shoses an example of the lines wlong which segments surfaces are mosasured,
JEEEE R Figure 4 shows a plot of the measurement data for a-wifice winch shows the bow of

asurface of # cerumis park

RS Figwre § shows dilferent onentations of the sepnenis with a bow tw a varrier.
R E Figare & illastraws bow the fixed coordinate systemn iv defined using the fixnue

systevn wsed mthe examples.

IRTAILED DESCRIFTION

{0817} The explanations and Wostratione prosonted horeln are intended fo stquaint others
skilled in the anl with the wvention, 115 prvciples, aad By practics] application, Those skilled in
the art may adapt amd apply the invention In #s yrnerons forms, as may be best suited 1o the
requurernents of a particubie vse. The specifis embodiments of the present fnverdion as set forth

are ot wteaded as heing exhanstive or lmiting of the vention. The soope of the iovention

should be determined not with referaoce 1o the above deseription andd tnstead be determined with
referenve to the appended claims, along with the full scope of equivalents & which such clats
arge entitled. The disclosures of all avtcles and reforences, including patent applicativas and

publiontiomg, sre incorporatid by reforenve for all purposes. Other combinations are also possible

as will e gleaned from the following claims, which are abso hereby incorporated by reference

o this writien desoription,

18] The prosent rvention relistes to an improvad procoss for the preparation of cerantic

frodacts whevenn the percantage of sooh products having acceptable bovy {traightaess) andfor
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flatness Iy nersased and where 2 significant portion of coronie greenwars having unacesplabls
bow sndfor fatness can be coprected sy a rosalt of the procsss. In another siohodiment, the
prosent nvention relates W an bnproved process for the preparation of cevando products having
car their ouwter swiaces loear pathe o Hat swlaces (ides) whercin the parcentage of such
products having ageeptabde b andéor flatnesy & inoreased snd where a significant portion of
coramnic greenvware having unaccepiahle bow andfer Hatness can be corrected w8 a vesnlt of the
provess. The provess generally covaprises: determining the bow of oue oy more linear paths or flat
surfuces on the winter swrtace of an exiuded coranue gresnware hoteyoomb pat having one or
move Huear pathsor flat sarfaces on ity outed siaface; by deotifying s Hoear path or soebhos with a
eonves shape; ¢} placing the greenwars part on a carrler with the Hinewr path or surfsce having the
convex shape on the camier; and d) converting the greemware pait 0 a cermmic part whils
dispossd on the Carrier with the bogar path ov surfave having the convex shape on the cartier and
i contact with the carrier. Ueramie gresnwars uiifized o this procsss I8 8 precirss & coramis
part baving 2 new net shape and wherein the paet has been ostly deled, thay is where a large

©PROTTROTS, vi’s’iﬂ\‘" the

portion. or substantially all of the Houid carer suked with e
yarsturg used to form the desived shape of the coraptie pat, i renovedd. Substantially ramwved, as

ST ArS, ToEans that

ysed by the context of remeval of the liquad carrier fromy the wel ceramic gn
the gresnware can be subjected o removal of the hinder and formation of the ceraone structusy

without the Taguad cagrter nterfering 1o the process. In this context, subsiantially remnoved means

that about 19 pervent by weight or fess of byuid camter is retained 1o the dried coramic grocmware
hoady and more preforably about 5 percent by weight or ess, Bow g wsed heretn mreans a

deviation from flatiess or Straighiness along the length andéor widih dimensions of & soramic

body, Stralghtness with respect to a Hnewr patth refies 1 the propenty of o line on the serface of a

Cerarnie greemware body redated o how anieh # deviates fromus perfontly stratght fine, Preferably

this finear path is disposed in the diveditim of extvusion of the ceramic bady,

EEH S The boneyomab niay be forreed by any soitable provess sach as those known in the
vt the st common being extmston of cermmic plastic mass comprised of ceramic particniates

and extrusion addives and Thpods o make the masy plastie and G bond the particuldtes, The
estraded homeyoombs s thes typically dried of carrer ligaids, organic sdditives suoh as Tubricants,
binders and serfactants ave removed by heating and further suhjetted 1o homting such that the

ceransn pacticolates fose or sinter together or dreate new paticulates that subsequently fuse

together. Such methvads arg desoribed by sumerous patents and open Rieratare with the following
merely being & small roprosontative sasnple of TS Pat. Nos. 4,329,162, 4,741,742, 4,001,028

4,162,185, 3,899,326; 4,786,547, 4,837,943 snd 3 5386K1, all incorporated heveln ?}j_\; roferonie.

%

Z
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{60281 Coranic parts are generally prepared by contagiing one or wore precursors for the
CETaIMC slruglurs, Cerame precursoss, optonally e or mosk Mnderg and one of mewe Biquid
carviers, The vermmic precursors are the reactants oF components which wher exposed 1o cortain
gonshitions fonm v coranne body or part, Any known osramie precursory may be wiithzed in the
formation of wetl covanic gresuwars bodios aad whinmately ceranie bodies dertved frovn the
method i the nvention. Included w ceramic precursors are the procuvsivs wiilizd to prepane ane

or more-of mudlite Gueh as disohesd in US 7485384, US 6.8 1o LIS 4 948,766 and US

SATR349 al incorponted herein by reforsnce), silicon carhide, cordierite, slondaum tHansis,
aluging, 2ok, siliCon pitvide, abuotom mitride, silicon oxvadinide, stlicon carboniiride, bola

spodumens, strontitam aluminem silicates, Mhvum slimment sibostes, compositie of mullite and

ondiertte and the Hke, Preforred porous coramic bodies include mulite, Silicimy carbide,
alupyonm anate, contiente, sud compesitions contadning coramind binders and corsie fibers,

oudlite, composites of mudlie and covdisrie or combination thervof. Priferred silicon Sarbides
are deeovibed in ULS. Pat. Nos. 6882796, 6,669 73 IB and WO Poblications BPFLIZA10AT,

WO 200207010641, Other sultable p‘ormss bodiey ave deseribed by WO 200401138641, WO
HOFOLHIZAA L US 2004002033940 and WO 200303148841, wdl tncrposated hergin by
raferance. Drgane hinders waeful i this wyvention include any known matesiads which render the
wit poramic greenwire shapesble. Preferaldy, the binders are organic maternials that decompose o
bury e lomperatires below the tempeatare wherchy the ceramie precarsors reset to Torm veramic
hodies or parts. Among preferred binders swre those describad in Intrnductivn w the Privnciples of

Ceramte Processing, J, Reed, Wiley Inferscionce, 1988 incorporated bheroin by reference. &

prrticalady preforred binder is methiy! collnlons {such as METHOCEL ALY nweithyl celhilose,

The Dow Chemiosd Co, Midland, Mich.y Lipad comters inclode any Hguid thar factlitates

formwtion of a Shapoabls wat cerande mixture. Avoong preferred liguid cavriers (dispersanis) ans
thoss muterials desertbed T fnfroduclion o the Principles of Ceramic Processing, 1. Reed, Wiley

Intorsetoncs, 1988) A paticulady preferred liguid camrier 8 wader. The misture asefd in
preparing wet cersmic greenwire hodies ey be nwde by any seitable nethod such as those
known i the art. Hxaoples dnclude ball milling, ribbon blending, véreal strew mixing, V-
blending and attrition nilling. The mixture may be prepased dry {Te in the abssnce of 8 liguid
cartier) or wet, Where the muxtire is prepared in the absence of & liguid carvder, & Hauid cavrier i

added sebsequently wabizing any of the methods deseribed in this paragraph.

FM The mixnwe of covanne precursory, optionally binders, and Hguid carviers siay be
shaped by any msans Kinwn in the art, Bxamiples moleds gection molding, extrusion, hostatic

pressing. sl castivyg, voll Counpaotion and tape casting, Bach of fhese 1 deseribed n mors detait

B
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i froduciion o the Pringiples of Ceramde Frovesxing, J. Reed, Chapters 20 and 23, Wiley
Intersodence, 198N, lncorpovaiad boerein by refirencd. In g profersed cobodiment the misiase is
shaped tnto the near net shape and size of the wlomate desired ceramic body, such ay a flow
throagh filter, Near net shape and size wmeany the sizg of the wit coramiv greenware body 38
within 1{ percent by volume of the size of the final ceramic budy, and preferably the size and
shape i within 5 pevcent by veluoe of the size of the fioal revamic body, Iy one prefisred
sdysdinent the edraniic structures comprise a boneyvemuoh stnictire. Preferably the honeyoomb
structure 1% disposed dn planes perpendivular 1o the exivasion directicns. v use, cach chanwmal
formed is phigged &t one endd or the other, On 3 face the chanmelds sre plageed v ancaliernating
fashion, Preferably the wet conunic greanwing body does notl have any of the channels or flow
passages blocked o plugged. In practiciug the myvintion, the porous ceramice hongycmsb as well

as the phugs (note, the phige ey be the same or » different Sevande than the hongveombd as well

a8y s;impiy b the partiion witlls of the honeyemab pinched together to lose off & channel)
toay be any suitable ceramde or combinations i veramies,

106221 in a proferead embodiment, the wet cortrnic greenwars body 1 shaped such that i
ot be ailized as acflow tuough Bler. At this Mage Inthe process the wel coranic gresnwan
body han tweo opposing fxces which are substntially planar, The wet cermic greenware hoidy
exhibits i cross secuonal shape which is consistent for all planes pasallal B the two oppesing
faces. The crossscetional shupe can be any shape which tv suitable for the intended use and may
be yregalar oromay be of any known shape, such ay sound, ovad or polygonsl, Proferably the
crosy sechional shape exbibits a Hat surface capalbile of supporting the cerunic body. Preferably
the gross-sectional shape ¥ polygonal, I one preforrsd embodisat, the shape 1 rectansalar or
squite, I the shaps s frregudar, Homust have st least one Hnsar path orome surface that s planay
such that the wet cevamie body can be disposed on the camier on the Hoear path o planar susfs

The wet cerimic grogmware hogdy has a plucality of walls formed which extend from ong apposing

..

fave o the othey opposing frce. The walls form a plasadivy of Hiow passages that extend from ong

oppusing face to the other opposing face. Proferably, at thix stage, all of the flow passages we
pen o both opposing faces. Thiy allows mors efficiens revonval of Bapuid cartier.

{8833 Thereafior the wet cetimie greenware body s suijected v conditions to remove the

liguid carrier, that is 1o dry the wet cermnic groenware body, The wet conunie greemware body Iy

placed on a camrying steuctire while 1t s subjested By Ui Hyuid carrter removad conditions. The

carrying structure performs the funetion of supporting the wet ceramic gresnwiry bady through

the bguid vaier removad process. Addittenally, the cartrying strucivre perforns oue o feore of

the foltowing functiony: preventng the part of the wet veramic groemware bidy in contact with

7
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the carrying structure frony deforning (tat iy increising the bow of » Hrewr path or Tt surface wr
deviation of a flat swface from a perfectly planae structure); sllowing one or smore drying Huids o
contact the part of the wel ceramic greenwire body o confast with the otrrving structure! and
alowing any Hquid caerier sxiting the wet ceramic gresmvare body fo move away from the
ceramie grasawarg body.
ERE2a The carrving structare {carnier) consists of ong or mowe carying sheets i ong
smbadiment.  In another smbodiment, the camrying strociure eomprises ome of more camying
sheets and one or wiwe support sheets, The one or wore carrying sheets finction to divsotly
contact and support the wet ceramic greenware body doring the lguid carrter removal process.

Preferably osly one carrving sheet 3 vtlized The one ov morg support structures fanction to

support the vareyving shest I mandey that the et ceramic body retaing s, of adhests 1o the
desired; shape, does wat deform any further, durdag the Hauid carder removal process. The one of

owsre sapport struciires may perforny one oy mawe of the following additionad functions: Bactlitate
vontact of the drying fleid with the wet ceramie gresnwars body or Tacilitating flesw of Hgeid
crurier away from the ogramic greenmware bady, Preferably, the curying Structure conlaing ong
support stracture. Retaing i€y shape, or does not deformy, means that the el coraniv grespwans
body does not chinge in shape, exvept fo conform to the desired shape, and the portion of the wet
cetammic. body n coptuct with the carrying strocture rémalns sebstantially plamar o Boear
Preformed carrying sheets are deseribed v cocowned co-pending application titded “DRYING
METHOD FOR CERAMIC GREENWARE” filed hae 22, 20171 Serial Number 13168208 and
filed in the POT June 22, 2011 application aumber PCTAUIS/ A4 HY bothy mcorporated bersin
by veforence. In the embodiment wheretn the ceraonic hady does not vontatn 3 Hat socface the
carvier shoef can be shaped (o support the shape of the ceramtic body, fhat 15 has & cross ssottonal
shape thar otatches the portion of the ceramie budy my contaet with the carler sheet. The method
of the invention for removing Hauid emrier from a wet ceramie grecnyeare body brvolves placing
the wet Seramic body on 8§ carrier situchure and ;’sim ing the wet ceranic gresnware body on the
Carrier shructure 1 an oven wnder condiions sueh that the Hguid carder is substantially removad
frosn the cérande groanware body.

HUEE Any ovent which assisty in sgmoving the Hauid carrer from the wet coramie body

al in the brvenihns ane conveetion,

may be wilized u this wethod, Among preferted ovens ast
infrared, microwsve, radio froquency ovens and the like. In a more preferred snbodiment a
sucrowave oven 1w wved. The set cennmic bady on & Carrler’ structiwe gy be placed in sy oven
for a swfficient time for the Hauid carnir o be substantiadly reroved from the cerapiic greenwware

body and then reowaved from the oven, The wot commralc budy on a cirrier straotee Can be

8
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msrneaily plaved i and wimoved from the sven, Alteraatively the wet veramic Body my 4 carrier
stracture . be avtomstically introduced, woved through and removed from s oven. &ny
abtomatie means for ntroducing o pant o and removing & pagdt from an oven may be wtilized,

Such yovans ave well known fn the wt In g prefersed smbodiment, the wet ceramic body on 3
carvier stepcture is placed on a comveyny and passed thronzh one or more ovens on the convevor.

The residence tme of & wet coramic body o g cwepler sructiee 1w the obe oF Diove ovens ie

chosest such that wder the conditions of the one or move ovens substmntially /i of the liguid
carvier i removed. The residencs thme ts dependent upon all of the other conditions, the size of
the wel cerantie gropnwars stracture and the amcunt of lqud camier to be remeved. The
tetmperatore that the wet ceramic body on a carvler stuchere is exposed 0 i the oxe or mowe
ovens i chosen o facilitaie the removal of the Hgsd carder from the wet ceramio body.

Pretorahly the trapsrature ix above the botling point of the liguid carrier and bolew the softening

tevapuratre of yosterial fromy which the carvier stractars i3 fabricuted and the temperators w
which amye of the coramie progursors decompase, Proforably, the tengreraturs that the wot cefiumic

body on 8 carrier struchure 1y r;‘.x:pu'sacf;i to iy the oven i3 sbout 60 T of greater, move proferably

abont 80 °C or greater and pwst preforsbdy about 100 °C or greater. Preferably, the emperstars

that the wat ceranne body on a carier sinoture Is exposad 1o i the oven & about 120 °C or e

and most prefetably about 110 70 or fess. The wat ceomsmic grosmware hus;i_\j’ i the oven iy
proferably contseted with & drving fhad or a vacuam s appdied fo the oven to Tacilitate removal
of lguid carvier frove the wet corame body, Prefeembly, the wet verumic gresnwars hedy is
contacted with u dryving floid. In the smbodiment, wherein the wet ceramic grosmwars body is
shaped ax the precwrsor 1o How through filier, whereln the flony passages 1 the wot ceramic

greenware body hivve not been plugged at one end, it iy preferable to Sow the drying fluid teoogh

iated by divectiny the deving

the How prssages of the wit cermnie greomears body, This is fa

vioe straclon,

fluid to flow in the same direction as the fline passages are disposed on the o
Whers the wet ceranue greenwsve body has o flat planay side and the wet coramic greenware
body v diwposed on the cardder stroctire on it Hat planar side, the How of the drving fluid is
directed o Thov toough the flow passages in the wet coranic gresnware body, In the
cbodiment wheteln the wet cetamic greenware bady on the sarder structuse is passed Gwough
OREOF NEIC OVEHS O & Conveyor, we ceramue greonware bodizs are disposed such that the
direction of the fhnw passages ars transverse to the divection of the conveyor and the drving fhed
is passed a divection wansveres to thee direstion of the cowveyor such that the drving fhad
passes throagh the flow pidsages of the wet ceramic greenwmwre bodies, I dne face of the wat

cevamic greenware body is disposed on the caerler structure, the drving Thud is divectad up

2]
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Uwonegh the carrber structire in the divection of the wat corange greentwire body so that the deying

fhid passes into and through the How passages in the wt Sorande greenware hody, The doving

3

fluid can be any flold whick enhances the removal of Hgud carsier frony the vieimity of the wet

ceramuc gresnvware body. Profuably the drving fluid i & pas. Preferred passos inclade adr,

'?w

0N YRS, I‘),i’i!‘.{igiﬁﬁ\ carbon dioxide, inent gasses and the bke, Mist proferably the drving fluid is ain
A

vicinity of the st cenunic graenware body mdong with the Houid carrder entrained in the drying

tey the diving Huid is contactad with the wet corunic greenwiwe hody 8 i removed from the

fluid. The flow of drying fhad s generited by any pemny which facilitates movenent of a drying
fluid such av a pooy, 8 blower, and the Tike. The flow rate of the dryving flwd 38 chosen o
facilitate the removal of Higuid carder from the viciaty of the wet sersimic greenwine body, Other
impontant parameters for dvving ceramic pasts that ae afforded wrility by the carrier plite of the
presei mvention sier Bwo frdguency reghnes of micrmwave power (245 GHe and 9135 MH2,
varied vetlected powers st thoss requencies {from aboat O tooabowt 100 98), relative hamddity thig
can vary frony abont § 10 sbowt 100%, residencs Gme that can vary rom about .01 to abouat 19
hogrs i periedic oven tw helt deiven continuous ovens, and a maximent part emperature that can
range from abowt S0 about 15070,

§8026] After removal of the Hauld carder from the wet ceramie greenware body, the teramic

gresmwars body can be prepaved for vonversion b a cevande body and converted Gy 8 ceramic

body, The corsoic greenware body is exposed o conditions o fun ot the binder sind @ form
the ceramic stroctwre. Provesses o acloeve this are well kpown i the arll The dry ceraniie
gresuware parts are calCined by heating the dry corange greenware parts U temperatores 1 which
organic additives and binders are volatilized or bamed awae. The parts are huther hoated o
temmperatures al whish the ceramic particles fuce or sinter together or create new partiontates that
subsequently fusd together. Sach metheds are Sescrtbed by sumesns patenms and open literature

2 A8 326 4786540

5

v

feforences weluding US 4329,162 4471992 4001028 4,
4,837 B3 and 353868 T: all incorporated herein by reference.

jearT I a prefoveed embodiment the Cormmnic body prepawed i aciondar nudlite. In this
embodient, the porous green shaps may be heated ander an atmosphere having fluorine and 8

tempersture sufficint o form the wullite composition. Fluorine may be provided in the pageous

atmosphere Fom sowrces such as 81, AlFy, HE, Nay 8iF; NaF, and NH,F. Preferably, the source
of fluorine is §iFy The dried greenware may be heated under sy atmosphers having 1 fluorine
containing gas thay o separately provided and © a topsratore sofficient w S the mallie
coraprsttia, “Separately provided” means that the Huorine containing gas iv supplied md from

ihe pracursors in the mixture (for examgde, AIF; ), bat fronn an external gas source pumped o

1@
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the furnace beating the yixtare. This gas preforably &5 a gas containing SiF,. The veranic part is
preferably heated tov 1 fiest tevnperatwye for 3 time sufficieont to convert the precursor compounds
in the porsus body to Huerotyraz and then raised o & secoud teopersturs suffiolent to S the

smullie composition. The lewmporsture may alsn be ovelsd betwesn the fisst and seconsd
tomperature o ensure complets owldlife formation. The first tomperaturs may be from aboat 300
% 1o sbout 933 " The second woweratars may be say lomperaturs suitable depending on
virtairles such as the parttal pressors of SV, Generally, the sccond teroperatire v af brast 100
e at most PIO0 °CL Generally, during the hesting o the Fiey ternperatire, the ﬂ{'i}i{).ﬁﬁ o 1y
it o @ vacoam snubat feast 500 ST, which is when a separately provided fuosine containing
gas 15 desirably infrodoced, The votrested padlity body yoay be heated to o heat weatwent
temnperature. of ap bast 930 °C oader @ heat treatmieny atwosphere Selected from the group

consisting of aly, water vapor, oxyges, as inert gas and mixtuess theveof, for a thoe sirffician o

form the mullite composiion. Exanples of inent gases intlode nlirogss and the noble gase
15, He, Ar, Ne, Kr, Xp, and Rl Praferably, the heat treatmeny atrosphsse 18 an inset gag, s,
prefovably, the head treatnent stmosphers is plirogen, alr of

Water vipor o nukire thevent, Mme

air sonlaliong watey vapor, The tng at the host ooatient temperabire I a fonction of de heat
treatment atmosphers and tevoperatare sslected. For example, o hoat tdatment in wal @iy {aiv
satunatend with weater vapor st 40 PU) graveradly requares more than several Bows to 48 hours at
1000 L o contrast, ambdent air, dey alv or nitingen {adr having & relative humidity from 20
prrosat W M percent at room tonperstare) deatrably is heated @ 1300 °C for st least 2 hows,
Generally, the nnee al the heat Greatment lomperatiws 1s at least sbout (1.3 hour and 15 dependent
an the temperature used {that ¥s, genevafly, the bigher the tempersturs, the showter the tme may
he). The time @ the heat trestmient temperatire may be about | hour or more, preferably abai
about 2 bowrs or mwore, worg preferably ahout 4 hours or mire, sven mwore proferably about &
hoors or mese, or most preferably st east about 8 howes to preforalily ot most about 4 days, more
preferabdy at most about 3 days, sven more preferably st most abowt 2.5 days and mwst preferably
at piost abowt 2 days.
fHE2&Y The: formation of the ceramic parts, ax deseribed shove, involves placing the ceramic

at surface,

parte on a Carvier having a surbace switable for supporting ceratic pavts, for instanes
and then placing the ceranyie parts on the cherier in e or more furnacey seqrentially, whevein
the furmaces are adapted 1o petform the stepy deseribed sbove, This appliss i céraimic greetwars
parts that have a plioar surface that 1e-of sufficient size 10 soppoet the part oo saeh planay swiface,
Adtzrnativaly the provess applies o party baving af least ofie linear path which can be bewved,

such s # part faving & vound, oval o irvegalar eross ssation, This process v sspecially usefut fu

11
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coranmic parts that have s unifowry shape with planiar sides which ars capabls of being bonded o a

phaotar side of another coramic part. Proferably the parts have a polygonal oo wnal shaps
with all of the sides refatively planar. In a more preferved embodiment the coramis preenware and
ullymaie ceramic parts have g sguare or rectangular shape, Prefiorably the adtimate coraniic parts

are capable of being adhered to other parts using an morganio sement. A munber of e party can

he adhered together to form a past of the desired wize, generally of the desirad cross-section. The
individus! grosmeare parts and the ultists cevamic parts ave often relimed to gv sepments.
FEES The greenware of corantiv patts are morked with at least one reference mark. The

et to be wdenithied

fuark can be applied in any mapser which allowy the reference side
throughont the rest of the process for forming a ceramic pat. The refersace mark can be applied
nranually of i s sionete wimner. In a prefered manner the refersnoe nurk iy snique o ek
part 30 that the party G be tracked through the process, Prefurably the unigue raference mark is
antomatically stamped on ure varface of the pantl The referente by preforably applied after
extrosion or dryving.

180361 After the drying step and application of the referenes pauk, which car be performed
rany order, pae of more of the Hacar paths or planar surfhess on the otter swrface are esandned
for bow ar fatnesy. Branined for Samess memns that the sarface s sabjestsd 0 an opesation
understand the shape of the part, such as bow flat the swrface ds. Prefevably a map of the surfaces
of the vevamie hody is created, The surfaves can be svamined by moy analytical techoique tha
allows deternunation of the ooation of a vember of poiots vy define the shape of the part, for
instance shape of a swrface, v a Hvewr path oo the sweface andéor preparation of a map of the
shape of the part. The measurerosnts andfor proparation of the maps way be performed manoafly
o antowmatically. Altematively a pant without s flat qurface can have a plurabity of lingar paths
along the part exwvoined 10 the some manmer, Preferahly the meastrement data s fed w a

goraputer program which can prepare a sap of the shape of the body, sugd as ong or pwore

surfices or lincar pathy of the part. Proferably ol of the swrfaces, such as planar surfaces, or a
phurality of the hovar paths ave mapped, Where a pheality of lasar paths are mapped, a suffisient
mamber of hnear paths ars mapped 1o provide sy anderstnding of where the lingar path with the

sreatest bow having & conves shape s located, Beftwars programs wre commercially availahle

that wre capable of preparing such wogps, for example Calypso available from CMM Produdis
LLC, The daty can be collected by dny whosns that facilites detervanation of the shape of & part

sndfor mappng o the shape of the pars, p@m ar surfaces sad/or the Hntsr paths of the ceramic
parts. P instance, the data can be collected waing lasers, stylus, snd the Yke. The dain is

colleciad and reconded ot a sufficient number of prdmts to scourately determine of the shape of the



WO 2013/032831 PCT/US2012/051971

body, flatness of x swface, or straightucss of linsar paths of the body andéor provide an aceusats
roap of the shape of the hody, exck planwy surface o straighiviess of Boear paths of the body
measured. b one embodinent the data iy collected slong a pluradity of linsar paths of the sarface,
preferably on cach swrface, of the bods. Preferably, two seis of Hoewr paths are ased which are
perpendiculir fo one another: Preferabiy each set of Hueasr paths have lines that arg paralle] 1o ane
another, Data is colleciod along s sofficient number of liear paths tre provide sy soourate roag of
the shape of the body, Preferably data is collvcted alomg 3oy move inoar paths in cach dirsction
The upper fond on the number of linesr patby o cach divestion & practicality; s preferved
practical oot is defined by the sdee of the body and the distance between the hines. In wwe
ernbodiment, & practival uppor hinit fin the nomber of feer paths B 1Y or less, Profurably the
distance botween the linear paths is abont | rony or groster amd most preforably 2 moor greater.
Preferably the distance between the Huear paths is about 10 sun or fess snd most proforsbly § oun
or foss. A nmber of points along the Hoear paths are recorded in order 1o fciinate deterniination
of the bow or Hatnees of o side (sarfack} or onlentation of & linsar path andis mapping of the
shape of the body, sach yavface and! or lingar paths, The number and distance between the points
ave selected to facilitate determination of the shape of the body, Hatmess of & surfilce, orierdation
of the linewy paths andfor seourate mapping of the shape of the body, surfaces and/ or lnear paths
sxavmined, Preferably the distance bobwaen the points on the linear paths v abowt 1 hun or groser
and rmt wefrably 2 e or greater. Preferably the distance betwesn the points on the linsar
pathy ix sbout 10 mm ar less and mest preferably S s or Jess, Doteronstion of the how along a
lnear path or Hatness of a surface andfor mapping can be performaed after avy or any combination
of the steps f1the formaton of the coramic pants. B s preferved o preforne the wapping after the
extrosian or deying step. It yoay be advantagesus 1o abo map the swdare o side of the fingd
prosiact as a quality contrel stepramd o deterning the srecess of the process of this invention.
{8031] Omee the data i collectad andéor maps of the shape of the body, the linsar paths
andfor flat surfaces @ prepared, the data andfor the maps are examined for bow or flainess.
Flatnesy 38w detervoination of bow close o s perfect plane the swlfaee ts There are knowa

processes for the determination of relative Hamess inchiding JISBOAZ - 1984 ax deseribed 10 US

rdevant parly tncovperated hersin by reference: Flatpess s gencrally. micnswred by
defining two parallel plases. Oue plane iy defined by the npermost surfsee of a fucs of a
honeyeumb segment, toward the conter of the honeyeomb segment Uoast sgquare I pland of
measared points) and the second e Is defined by the catermest surface of the ssne fice of a
boneycosmb segnent. The distance betvesn the planas 8 known as the Hatness, Lower musnbers

are considersd better. As a practical matter the surface  mapped by taking several data poinis

13
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Loy and #y and 8 least sgiare fit plang is calevlated mathersatically based oo the populision
of prdats, The plaves ave caloulated w0 be puraliel t one another and the orisntation of the planes

i based on the closest spproximation oriemation of the surbace overall, Thedistanor between the

phanes iy the Hamess, & porfectly flat sucfice has & flatpess sumber of (L Thes higher mumbegs

ropresent greater deviation from g porfeotly sl surfacs, H s desirable that the famess of =
surface be such that ap ffective bond can be formed hetweon vwo surfaoes of adjoining ceramig
parts with the mintmun tickness of adbesive. As @ practiond matier the fainess 1y praferably
about 3.0 yon or tess, more proferably about 2.3 sr less and most preferably sbout 1.8 o fess

{32y The data about or the maps of the shape of the body, for exarople sach fat surfues or
fmesr path, meadured ave then examined., The bow of sach measured strfaos of Huear path ia
dedermined snd the relatbve corvatore of sach swface ov linear path B ;Eci-—‘smi ned Sugfacps that

aif. Softwars W oavadahde o determing the bow of a surfage

{hingy side ;&:‘hd on the dat collzeted o the map of the body. Haear paths or serfaces. Exumples
of such software packages chule sntering the tapping data intoa Visual Basie algorithm, visual
examination, wwface tebleg, and the ke To provesaing sfter extrasion andlor dryving the Haeat
paths andlor sarfaces of one or mors parts, prefirably all of such pans, with a conves shape am

wenttied. Further processing of the coramic part s performed with the lnéar paths or stafaces of

one oF more parls, preferably oll of the parts, baving s condex shape placed directly o the cavvier
used in zach of the rmmaining procsssing seps. Preferably the surtaves or hinsar paths of the part
with & conves shape comtacty the carrier at one potnl when placed on the carvier. It has heen
determined that during sehssguent processing the nuniber of parts with a convex shape is reduced
where the covex Hoear path or surface 18 placed down, or on, the camier surface, It by been
determined that a shgdflcantly highey percentage of pante have thelr how or Hatness numbers

redoced after final provessing ay compared 0 bow or flatness nomberss after extrosion and or

drving when the convex linear path or surface ls placed down on the carder before sdditional
processing. Preferably the wamber of patis with unaceeptable hotw on a linear path or suwrface ia
veduced by 5 percent, more preferably 10 percont and oot preferably 20 porosnt, Boprovaments

1 Hatness, reduchion i Hatness pumber, vestlt i thinngr adhesive layers when the sides ae

honded 10 other sides ‘of other party. Segmented coraviic objects with thinner adhesive Tig

exhibdt lower baek pressunss and gréater theemal robustness parformance.

{6833} Alter conpletivar of provessing the vermic party, twor o mwwe of the parts ny be
adbered together using processes koown m ihe af, such ss dischsed @ U8 Publication
20000003, US Parent Pobdicadon 20080271422 U8 S 314,187, UX 8869750 UR

LTOAZE UN'T 396576, all incorpovated herein by referenves The adbostve comaat wiilized can

e
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be sy adbestve kuown for this use ae ncluding those diselussd i the paterds and patont

publivations cied berpin, ly a preferrad ernbadiment, coranie parts comprissd o at least bwg
sepasde smadley corande parts (honeycombs) that bave boen adhered twgether by 2 conient
comprised of inorgane fibers and a tdading phase wherein the smaller parts snd fbers are

bonded together by the binding phase which is owmprized of an amorphows silicate, alaminate o

alopuno-stlivate cermanic binder, A method of fooming 8 coramic stractors rolyprising contacting
i fiest corsmic segment on at loast one of ity outer sidey (surfaces) witly & cement cony orised. of

irwmgange fibors having an avérage loangth bitween [0 sdoromsters to 100 microneters, &
carrier Huid, a colloidal norgani sol and in the absenoe of other morgasnde particles, whersin the
fibars have a sohidy loading of ot Ieastabout 10% by volume of the total volime of the cement,
mechanizally contacting a sectnd cormmie segment with the frst covamie segment such that the

ement 19 nferposed between the cerante segments sueh that the cermmic segments are adhared;
heating the adbered segments sulficianty to form amorphiue ooriands bonding betwesn thé fibers
of the coment and the cormmic segments o form the larger Cenunie structure (array). After a
segment or segmionts swe contavted on their vuter side with the comont, the semmends ars
contacted with the comant interposed betwern the segmens by @y stitable method of doing so.
Uhistratively, the segrments, iF having 8 square crossssection, may Te held ina template and the
cegent dispensed gr infocted w the gaps between the segments. The segments have the coment

depostied the desived omter side, such as fitting a comer into an inchine plane and bailding up

frovn this Bost square i whatever patienss desired. The taeline plane sy, 3 desived have sprogrs

also built inosp tat the firg Tayer of segments bas equidistant spacing sesulting in ore uniform
coment Taver thickness, Aiiﬂrrxa&'ive-iy, the segoents may be placed om s Dot side and built up i g
manner sintay to Brick masenry, Ouce the segments arg adbersd, the carier fluid is removed by
heaung or any suitable method, which vy nelude just ambient evaporation or any other useful
metiad such as those known 1o the st The removal may abo sean dusing the heating to fonm
thir anorphous binding of the fibars and the segments, Heating may also be vsed 1o remove any
orgaave additives 1 the segments ov cement. This heating may b any sultable such as those
known the st and may alsn ooow during the beating 10 foro the amorphous Rinding of the
fibars and segmonts togethed, To create the amorphovs binding phase, the heating should not be
o bhigh @ temperature that orystallization necurs in the fiber {unless desived) or smovphous
binding phase, sagging honeytomb structire or wiigration of the glass binding phase w0 an exient
hat s deletetions 10 e purformance of the bongyeomb stractare. Typioadly, the lemperatars is g
feast about BO0™ €., to at most aboat 12007 €. Afler the pans are adhered together inlo an asray

the outside side of the segrmented part oy be shapad by any means kaowa in the at, for example

e
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by grinding, cotting o seuding. Onse shaped, the ousside side is coates! with & cramic PFECHTEOT
to form a solid side {skind and the past 15 exposed to conditions to render the coaling & veranidc
COating,

{80344 In & preferred smbodiment the ceramic precursors mud cormmic segments have a
honeyconbh stractare i the plane perpendiowdar ti the structure surfaee or Hnear path mapped and
measuwred hergin,  Preferably the chasnels that pass throngh the structure any paralkel 1o the
aiapped lincar puths or surfaces.  In another preforced smbodiment, every other ohanel iy
plugged on cach enland sack channel i pligged on only one end. Ohie olass of coramic parts for
which this prociess is osed are wall flow filters. Wall flow filisrs generally comgeise souchures
having two opposing faces with chanpels or passages that sxend from ofe Tace i the other face.
Ea one embodument, every other spening for the chavnels or passages sre plugged on one end and
the others wwre plugged on the dther end. This rocans that for every channel @l adjacent channels
are plugged o the opposite end, The practical tmport of this stoudture by that when a flaid &
troduced toone face of the filter 1 mst How info the open chanssds on that fave wd pass
throsysh the wills betwern the channels o the adjscent channels o reach and syt throngly the
spposite Tace,  Materials, sech ax solid particles that are kwger than the poves in the wally are
filtersd owt of the {luid and retamed on the intraduction side of the walls of the channsls. In
preferred embodiments the segrent oroes sectional area 15 from abowt 8 1o 20 squars nches and
the length is Trom sbout 3 to about M inches

{08351 The ceravve parls may be used I any applications mowhich s wefol w have
cermnie honeycombs, such as, partioulaie Blters {oug, Dresel partionfate filisrs), and Sovw channsl
catalyst branches {vatalytic convertad).

Hustrative BEmbodiments of the Invention

{0835] The following examples ans provided o Hastrate the mvention, bt are not ntended
o Tt the seope thereof, AU pants sad porventages see by waight waless otherwise indicated.
{0837} in order o guantify the dimeosional chameteristics of acicular mudlife segments, a
six-poant fixtore systen iy constructed to consistently support 2 30w 3.2 in x 125 i seginent

as shown in Figore L Three posts 17 {4 datin) supsport the boltony of the segment 10, Bvo posis

{8 datun) 20 and olips 22 support the rewr side 11 and one post (O datam) 21 constrains the front
face 13 o establish a stating posttion, Figare 1 shows a Fedss soonlingde measuning nashine

CONMM) 18 having o stvhes 19 for messaning the side {sweface) of the segiments.

15
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{0038 Upon conyrletion of extrusion and drying, the top side {sarfaced 13 of the evvudate is
marked 23 o designate the speoitis erientation of the past 10 as shown i Figure 2. The

s o the text Tupther denotes specifics of the other sides sod facex rospoctively, P

axsnple, the loft hand end &8 designmted as the front face 13 wheress the right hand end wag

designaid as the rear face 13 The bottonr side of a segment 16 is first placed on the these lower

-

comnprising the A datm plane: vest, the bacl side 11 of the segiment iy ther moved gntid

=

posts 17
the rear two posts 20 copprishig the B dabom phine constraining soy further Tnteral motion: The
segmunt 10 1s then chipped it place, astny clips 22, onee the front fage 13 contacted the front post
21 comprising the O datun plane whereby any fonward motion i therelore constrained. Mex

contact styhus 19 is secured w0 a Jeisy Coordinai Mosswring Machine (UMM} 18 and 4 custom
program s executed 1o parform three axiad scany 24 plong the longth of cach seguiont side and
throe iransverse seims 25 wre parformend at thy front, middle and end of cach side mespectively as

shown in Pigare 3 Troossent axial svan data ded svery 5 mm along the seipoent

side fronta starting point of 12 vorve and an god point of 292 root respactively whereas transient
trinsverse scan data 16 revorddd every 1 o adong the segment side, The transient axial soan data
s gongrated vsing a fixed voordinate system, In ceserive, thres planes ave deterouved Which ars
pevpandivalar 1o cach ot and define fHu plangs against which the swrface dinmensions of
cerannie parts ars wpporind, Figure © iHostrates howethe fored eoordinate syter' 18 defined asiug

the fixture system of the invention.  In particular the top points of posts 17 define the primary

Viatem plane 32 (Datam Ay Io cogonstion with the primary Datum plane posis 20 defing the

secondary Batn plane 33 (Datwa B In conjusciion with the primary Datum plaoe and the

Yy

seeondacy Do plane and post 21 the wettary Tatam plane 34 (Darem O) iy defined. When &

styfus system connested to @ processor pottized v perlorm the measurements, the styhes touches

N

the coutict points of the posts, recordy those pobss in space thus defining the thres referense
planes. The istevection point of the three planes Is the vefersuce peint 39 from which the x, v and
z coordinates ave measursd, sed Srvows 36 {x) 37 (9 and 38 {2 The tansient posivon of the
coramie sagents 13 misasured with reference to thess planes sond the veforenee points, Upon
completion of MM scanning, the bow along the length of the segment is oxfoudaed from cach
gransint axial scan using the following protocol: Transtent {x ) datd see brought into atab of a
Microvoft Bxcel spreadshest snd my additions! “XACTA2” colomn of data 18 incorporated. Next,
within the “Took/Duia AnslysisfRegression” menn, & 2™ arder polynomial rEGTASSHM IS
peiformed as followa:  Inpad Y range (1 column of data):

YALT for Front & Back sides; ZACT for Top snd Hottons sides; Input X range 42 columns of

dadnd KACT and XAUTS 2 Click "OK™,

17
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Distermine bow shape from X Variahie ¥ eoeffitient:
X Variable 2 20, CONVEX: X Vartable 2 <0 CONCAVE, NOTE: for a twive

sd derfvative, ik i positve, then the varve i oonvexs iF

antialife funetion # i the ax
FUix s negative, then the curve is concave, Detormine “reference tine™ end potnia
CONVEX comndition:

Define XAy point within 1375XACT202 that mayinuzes msponse;

staspe, s ma{ YOO-Y e X s Rk

X

Define XA T ey point that maximi;
CONCAVE condition:
Define RACT g poont weithin IR7TOXACT SN that milinisns tesposss;

Defive AU Ty polnt that wdwimizes slope, o8 vos] YIS Yesomaod N sonane X

anvia+ B

Deterbune “sde (ucface) table” reference Hne squation..... .Y
CONVEX condition
Y= Y8 X soraan — 80X aonam)

COIRNCAVE con

et i)

Yrermmd oo K+ Y @ X o

Calealale axial bow froan folloveing set of eqnatjcm&:
CUNVEX condition:  Axial Bow = MIN[Y~-Yeu
Bow = E‘v"LkKEY«Y’;;"g;:j.

A representdive example of this caleniation method with overlgred CMM dita for the op side

CONCAVE condition © Axig

{sarfaoed of an ACM segment is shows in Fieare 4 Shewn s the end point 26, side (naface
table wifercnce Hae 27 and the waal bose 28, Mean axial bow, MAB, is then computsd for each

side of wsepment from an svenge of the three axial bow calolations as sheowrs tn sguation 1

]

. AxialBow, , . - g
Mab == . {1}, Approsimately 200 32 X 33 X 125 inch greenwsue

2

segiepts are subjeuted o CMM dimensional measurements. OF the scgments pronvidsd, 30

&

oxbibal ABRSMABR-1 on af loast one side of the segment. Moreover, the natvre of the bow as a

fonction of segment side s further known to be cither voncave or convex from the previously

xEy
%

deseribed measuroment algorithm, Thus, the 3 “quarsotived” scgments are then subjecied to

carefully comtrolled calciauon or do-bindering experbuents o understand the effect of pan

ortentation gu postcalomation dirmensionsl measaremeds,

o,
&5
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RLUGH Neat, the gquarantined segments e split finto three groups for spevial placement onto
the sade (surface of the caloination ragks as Hustrated in Figure 3, Three urientations we wilized:
convave sule (surface} dows, 38, covves side (urfacy)d dowa, 30, and bow dethogonal by gravity
3t The segments ave then calcined fy socordince with the following procsdure:

Step L heating step from room temperature o 200°C with 28R with slow heating o onder 1o
avold strony thormal gradients inside the parts.

{80801 Step U: heating step from 20070 to 330°C with TR/, very slow heating because the
eritigal dedvindering phase ocotr which repioves drganic componenis; this exothermal regction
will cause srongey beating of the part conters Low thermal gradients will sviod orack formation,
A nitrogen atmosphers with 3% oxygen at maximam How will be applied during Step Tand 11
Step [H: heating stops from 353070 1o 3007 with 25K from S80°C (o a00% with 30K and
fromn BO0°C ro RO with 35KAL Completion of debindering phase — Stoppang the nitvogen and
oxygen How dus to thormal treatment inducing fast solid chemical readtion of row nwterials
which inclodes an norsase in pore sivey and in gradn sives.

Step IV hold af final caloinativn temperature for 2 hours, 10 ingrease pore sizes and geain sizes,
Step V. cooling step from 1080°C to roont temperiure applying several vegative ramp rates. Slow
cortrolled cocling of the parts will avedd strong thermal gradients and finally coack fornwtion,
Upon sonpletions of eadcination, the segments are sahjected tr CMM dimeastanal meaavements,
The before und after MAB sesults of the caleined segments arg compiled in Tabls L

{] Table d

Segment Concave side down Gonvex side down Bow orthogonal 1o gravity

Na, Graenware | Caloined | Gressware! Calbined | Gleenwars Calcined

i ~LARE? 136853 oogs | 104 -1.2358

: 10768 1 -1.2085 L8681 11,2103 1371 1 -1.1596

[
3 10894 10867 1.0873 08767 | -0.7908 :
4 -1.1269 ‘ 14997 1.2646 | 14961 | 4354

8 11015 . 1.4523 -1.0038

& -1.0857 ' 1.358% | 10172 -1 0427 <1.0329

7 -1.0247 20,408 409 08157 | -1.0847 1,048

8 <2041 ~1.2758 1.0491 < 0BS7 ~1.2189

g | <1.1383 ER 1.3854 -1 0326 S00RTT

10 -1.18128 00213

1.084 ~1.0813 ~0.8918

8
4 11814 ~1 1038 -1.288
2
&

12 ~1.2145 G894 | <1028y | -0.1588

19 ~HR005 1 -1.4144

14 -1.1888 | ~1.4024 2 1,.0485 -.7648 £1.8118

4
3
L3uh | 0788 -1.0084 -0.3357
441
i

18 <1 075 -1 8357 11782 0.842 -1 017 ~1. 4148

i
1
}
!
i1 -1.0808 -1.1884 | 1,
1
1
i
i
3

16 12168 ~1.3504 10585 0.9417 | -1.0178 )

17 -1, 1361 ~1.8217 1.O787 0792 1 -1L04 -1. 4388

MEAN 113 ~1,18 134 1.0 1A -0.52
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a2} The MAB of 32NN ACM gresnwars sepments decraased approximately 25

porcent when the concirve siede {aurfacs) s placed down on the side (aurface) of the calcination

rack. The degree of Halpess inprovement from grocrmeare to post-calcination w 13X3.2X28

ACM segoents with the convex sde Gurlace) placed down on the exfoinatinmt rack i compiled n
Table 2.
{043 Table 3

Segment | Convex side {surfave)

gowrn
No, Greenwarg | Calined
20614 1.8271

23344 17855
1.8754 11485

2
R
4 2 oT7aY 1.
5 25733 )
8 21581 259583
7 1.8208 21087
8 2148 17678
Q 22774 R L
10 2.0808 1.7198
11 2.0680 | BRO&
1 21209 1.7028
13 1e872 | 14008
14 2,092 1,5031
15 18074 .28

1§ 1803 13561
17 5 0063 1.367¢
TE AN 206 1.69

{ B} Parts by weight as wyed heretn vefers to W00 pants by weight of the consposition
specifically reforred . In most oases, thiv refers fo the adbesive compesidon of this invention,
The preforved embodiment of the presont fnvention has been disclosed. A& persomn of ordinary skill
inthe art would realize bowever, that certain mpdifications would orvas within the teachings of
this inventicns. Thereforg, the following claiims should be studied 6y determine the e scupe ang
sontent of the nverdion,

88451 Any nunerical values reciied in the aboes application inclode all values from the

fower value to the apper value (o increwents of one wiit provided that these i a separ
fomat 2 poils betwour any bewer value sod any higher valig. As an example, 1 10is stated that the
amount of & component o s value of a procesy variable such as, fiw sxavople. wmpersang,

prassure, Ume and the ke i, By exvvople, fromy 1 0 90, prefonaddy from 20 to 80, mowe

a0
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preferably from 30 fo M0 intended thit vabise such ag 1S w0 85, 22 w0 88,43 o 31, 30 10 12
¢, are exprossly enwmerated 1o this :\:p«s-ci_ﬁmmmﬁ. For values which are less than one, one i is
omssidered o be DODR, G001, 801 or 0.1 as spproprinte. These are only examples of what is
specifically itended and all possitie cnmbinations of pumerieal valies between the lrwast value
ard the haghest value enumerated sre o be considerad 1o be sxpremly stated in this application in
a simtlar remner. Uniless othenwise stied, all ragges inchide both endpointy and all sunders
between the eadpoints, The use of “about™ o "approximately™ in cmmestion with a rangs applies

to hoth ends of the range. Thus, “ahout 20 to 307 is intended to cover “abost 20 o about 307,

mectasive of ot feast the speciiied endpeints. Parts by weight as used hevein refors to compositions
contatning 1 parts by weight, The forin “consisting sssentially of ™ to deseribe a1 combination
shall include the clements, ingredients, coniponsats or steps wWentified, and such other elements
ingradients, components or steps that do sot matestally affedt the basic and novel characteristies
ut the corpbination, The wse of the terow “vomprising” o “incleding” o déscribe combinatons of
elmments, ingredicnts, componants or steps herein also omuerphues enboditnents that consiat

sssentially of the elements, ingmdisnds, componeygs or steps. Plural elements, logredients,
compenents or sleps can be provided by a single stegrated slomsnt, ingredient, component
stp. Adwernatively, @ single iegrated olopiont, ingrediom, componsnt or step ight be divided
w0 separate ploval eloments, Ingredients, eormponents or steps. The dsnlrsurs of a7 or Yone™
desuribe an chonest, npredisnt, componsnl or dep s not mtended & foreclose additional

slernents, ingredionts, conponerds or steps

19
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CLAR
What ts Chamed 1
Cladm 1. A msthod comprising:
a3 determining the bow b the extrasion dirertion of one i yoose Hoear paths on an outey
surfaves or owter surface of an extraded gresnwars past so that maximum extrasion direction bow
of the one or moere Hnosr paths or outer swrfaces of the exiraded vergmic greenwine part way be
detsemined;
f} ihentifying the Husar path on the outer surfacs o the cuter swrscs having maximun
convey bivw;
£} placing the greenware part on a carvier with the Hnear path on the onter surface or the
outer surfies location having the maxbmum sonvey bty in cootact with the varrior; sad
d} procassing the greenware paut while disposed on the carrier with the lingar path on the
outer surfie oy the sarface having the'convex shape on the carrier, sach that the bow s rediced
@ aresall of the process of vonverting the greemware part 1o 3 coranit pst
Clabrn 2, & method acennding to Claim 1 whereln the carvier 16 a plate, fiek of conveysr aud 15
aclaprod o carey the part datiag the process operstions & form the part into 3 cerandc part,
Claim 3. A misthed sccording te Claim 1 or 2 wherehy the bow is reduced by about 10% or
greatar,
Claingd A methud according 1o aay of Clains 1o 3 wherein the extruded cerantic past has ons
ov sore fia swfaces and oue of wore of the Rat sfaces of the ceramiy part e cemented 10 ons
o move gther cormmic parts with flat serfacss
Claine 50 A method sceovding to any of Cladms 1 to 4 wherein the pavt bas a plarality of flat
surfaces,
Cham 6. A method avconding to any of Claims 1 1o § wherein the dvoas sectional sh vape of the
part 18 & polygon having a phirality of i surlaces.
Claim 7. A method avcording to any of Claimy | o 6 wherein the cross sectional shaps of the
PArt IS a square or a rectangle.
Chadm 8. & method acvovding 10 any of Clatis 1 to 7 wherein the shaps of the body is mapped
and the vesults of the mapping arg wied to crdoule e Bow of ond o more sarfaces or Hoegr

patis of the pan.

Claim 2. A method according to any of Claims 110 8 wherein a suffictent number of dat apoiits
are cotlected 1o socurately determine thbow of one o more surfaces or finear paths of the body,

Chai 10, A method secording to any of Claims Lo 9 whersin the greenwire part 1v adapted 1o

PrOPACS # Cormmic park comprising ony or more of aluring, siliva zirconta, siicon carbide, sificon

Bl
£2
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nitvide and alopgeoronttvide, slicomayyaitgde and silioon carboniteids, st ondiedits, bty

spodumene, suoisun fitane, strontinm alundmen silicates, iltun aliontmem silicstfes,
gomnposites of roelite andd cordisrie, oy combination theredd,

Clabm 1 A mrethsd acoding o any of Claims 1o @ whereln the greenware part is adapted to
PEOpANT & COIMWIC part comprising one of more of ailicon carbide, vordierite, wmullite componites,
muthite and vordierite.

Clatm H2 A method according wuy of Claimy Do 9 wherein the greenwire part is adapted 0
prepare & conanio part comprising putdlity,

Chont 13, A yarthod according to Claim 12 wherein the greenwive part 18 ponverind 10 98 ceramic

part comprising swlite by exposing it 1o e dvying, ¢ cadoining and a madltization step,

Clam 14, A wethod acconling toany of Claims o 13 whersin the bow of one or mors sarfaces
my linear paths of the Serarmie part formed s abow 3.0 or fess,

Claim 13, A miethod according to any of Clainw § to 14 whersin the acceptanes rate of the
production of & phirality of ceravie pats is incroased By 10 percent,

Clatin 10,4 ypsthod secording w oty ong of Clatmi 1 to P wherein dne of the sarfaces of the

greenwiare partis rarked with @ eferenes making to facilitats identification of the surfaces,

Claim 17, & method acvording 1o aay one of Ulsbms 1 10718 whersin the Mhness of all of the fat

Clabm 1o Acmethed secording 1o any obe of Cladms 1 1o 17 whessin ol of the vesulting H sides
exlubit 1 flatness of sbous 1.0 mn or loss,

Claim 19, A maethod secovding sv sy e of Clang 1 to T8 wherein the seramic body s 2
hossveomb filter

Chaiye 200 A method comprising:

aj determining the Hatness of one ov more of the flat sides of an exgrudeld cormmic

greenware part having one or move Hab sidey;

B wlentifying a side with a convex shape;
¢ placing the greemvire part e s carrier with the side having the comvex shape outhe

carrier; and

3 converting the greerware part 1o a cavariie part while disposed on the Carnier with the

side having the convex shape on the camvier;
wherein the reulting fatnesy of ot least one flat side 18 suck that the aurfsce can be bonding 1o

anotber Surfuce of ancther greenwars part in an efficient mannsy

e
L)
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