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(57) Abstract: A method including providing a ceramic log (300) with a first end and an opposing second end; providing one or
more cutting devices (100) comprised of adua bladed cutting member (200); and removing material by cutting at least the first end
with the dual bladed cutting member (200), wherein afirst blade (210) of the dual bladed cutting member (200) provides a finished

surface and a second blade (220) removes a percentage of scrap above the finished surface. An apparatus (100) for cutting a ceramic
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(300).
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IMPROVEDR METHOD AN} APPARATUS Fo & PREBARING CERAMIC BODY
SEGMENTS

FIELD £F THE INVENTION

[001] The presei invention relates generally to a method and apparatus for
preparing one -or more ceramic bodies (logs) with an improved end shaps profile and t2
filters. prepared frorti the ceramic bodies. More: particularly, to a method and apparatus
to cut one or more dgs surfaces of the ceramic bodies down to a, desired segment
length and providing an improved end shape profile,

BACKGROUND OF THE INVENTION

O8] Diesel and..gasoline -engines emit soot particles, very lin& particles of .carbon
and soluble ‘orgamos ‘as well as typical harmful engine ‘exhaust gases (i.e., HG, CO and
NOx). Regulations have: been. enacted curbing the amount -of soot' permitted to bg
emitted. To meet thes@ challenges, soot filters ‘constructed -of ceramic bodies have bee
used. {n preferred embodiments,  ceramic -bodies that ‘include an internal honeycomb
structure and at least partially surrounded - by a:skin layer have been developed.

§003} Manufacturing of these ‘ceramic bodies has typically been accomplished via
ai extrusion - process, wherein ceramic bodies ‘are manufactured as individual logs of
various .lengths.. It is also known that bonded assemblies - of one-or more individual ligs
are possible, for example as seen in US 6,869,751, and incorporated herein by
refgrence. The cutting of these logs into desired segment lengths, al ‘a relatively high
production rate -and with minimizing defects, lias been the focus of on-going
development efforts it industry. This is particularly true when the logs are in & softer
state, commonly known as "green ‘ware". Various “cutting and grinding techniques -and
tools have been developed over the years, for example as disclosed .in patent
documents US 2007/0096370; US 7,452,263;. angd US 2008/0233345, as well as
numerous text books -on the subject,. such as Ceramic Technology ‘and Processing,
William Andrew Pubilshing/Noyeas, King, A. . (2002). Handbook of Ceramic Grinding
and Polishing, Marinescu, {. £, H. K. Tonshaff, et at (2000),- incorporated . herein by
reference. Each reference teaches a different tool and/or technique to produce logs at a
desired segment length. The method of the present invention is not disclosed For
example, some of the processes disclosed by th& references may & limited in the
amount -of scrap (e.g. length) that cai be removed in asingle: process step, which inturn

may ‘incréasg the time required to produce logs at a given desired segment-length, in

wmnd
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another -example, it is.suggested that scoring of the exit corter of the cut b& .completed
prior to -cutting the log. Also, it is believed that cutting techniques that utlize a singls
blade, especially as it gxits across thg end of the work' piece, can contribute - to the
creation of defects.

|B8G4! Defects in the #nd surfaces of the logs may & defined broadly as ar
abnormality ".in the surface,. More explicitly, defects' may include- cracks or chips (typically
greater than about {} &yn) in the outer skin layer and/gr missing, damaged, or deformed
honeycomb “walls,

[005] What is needed are processes and igols fr preparing extiyded ceramic body
segments, at commercially acceptable rates/ to desired: segment lengths without &
significant number of defects it the end surfaces (e.g, the outer skin:layer and/or th
honeycomb structure), that allow for greater flexibility as to tha: amount of scrap . (e.g.

length) -that can be.removed in a.single process step,

SUMMARY OF THE INVENTION

[006] Thg present invention  addresses - is.focused on a:new and Inventive way to
produce ceramic logs at.-a desired segment length, in a relatively short process -cycle

time, ajl. while  minimizing  defects. The  present invention disclosed herein may be
generally described as a mgthad and/or an apparatus that Includes & cutting device with

a dual bladed cutting member that simultaneously provides -a "finished surface" -for the
log and ‘removes ‘scrap from.above -the finished surface,

{0871 in.one aspect of the present invention, ‘the dual biaded cutting member-may
be comprised .of two copianar blades that have off-set cutting surfaces (off-set relative :tg
each other parallel to its cutting: direction).. The: off-set’ may be at least a sufficient

distance such ‘that a sufficient. amount of scrap ig removed to prevent one or gorg
defects -proximate 'to an exit edge. of the cut in the ceramic log, it is preferred that the off-
set be at least about 2.0mm, -although - other off-set values ‘may bé& desirable depending

on other factors, such as type of ‘cutting device, size of the ceramic fog, and/or size of
the cutting. member {e,g. particularly in the casg of a circular ~saw). It is also
contemplated that this cutting - member be part.of & larger cutting apparatus.

[53438] Iy one aspect of thg present invention, a defect #ay be further defined asan
imperfection : in an-outer wall of the lgg or in any internal structures - (e.g. honeycomi;
walfils). Of particular interest are ‘when there .are more.than.one of these defects that may~

be caused by a cuffing process and-ars generally proximate ‘to {e.g. within .about 20mm}
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an exit edge of the cutting surface. More particularly, when the defect{s} are about 1mm
or more-in depth,

fsae} in another aspect .0f the invention, the dual blasted cutting member may
comprise two distinct biade types. It is contemplated that si at least one preferred
configuration, the first blade comptises asi abrasive biade and the 'second comprises - &
blade that removes ‘scrap, The: abrasive blade may be a diamond . grit blade and iha
second biade is a serrated bl‘ade, preferably a carbide tipped blade,

[0010} in another aspect, the ceramic log that is to¢ bs cut in ‘ibis  inventive
method/apparatus may have a relatively low moisture contest {e.g. amount of water or
other applicable liquid medium), in ‘at least ong preferred configuration, the ‘log's
moisture content is no more than about 1 percent’ (by weight), more preferably iess
than about- S percent,.and most ‘preferably less:than about ‘2;S percent.

{00 13 The. invention - constitutes a new and Inventive way to produce logs at a
desired segment length, in ‘a relatively short process cycle time, ‘all while minimizing
defects. it should be appreciated that the above referenced aspects apd examples are

rion-fimitisyg, as others -exist within thg present invention, as shown -and described herein.

DESCMPTION OF THE DRAWINGS

[0012] Figure 1 illustrates the. relationship -of -a blades of the cutting apparatus with
respect to a ceramic logb be cut.

[S¥13]) Figures 2 A to 2F illustrate defects.that can result from ceramic log cutting
processes,

[00%4} Figure 3A illustrates differences in orientation -of a cutting blade to a ceramic
log between passing through a ceramic log to be cut the centerilne ‘of a blade, cutting
direction:, arig a portion -of'the blade below the centerline,

[oU1s) Figure 38'is'a bar chartof the results of Example 33,

0 1a} Figure 44 shows a cutting apparatus of the' invention -with a ceramic - log

disposed thereupon,

[&G17J Figure 48 shows' a cutting blade-of the apparatus passing through a ceramic
log.
{0018} Figure 5 is a cSiart showing the results of the Comparative Example.



WO 2013/096113 PCT/US2012/069714

DETAILED DESCRIPTION

[0019] The explanations arid illustrations presented herein are intended to acquaint
others ‘skilled In the art with the invention, its principles, aid its practical application.
Thesg skilled in tha art may adapt and apply the invention inits numerous forms, -as inay
be best suited to thg requirements “of a -particular ‘use, The specific. embodiments -of the-
present invention ‘as set forth  are  not intended as being exhaustive or lifnitisig of the
invention. The sgop®© of the invention should be determined  with reference to ths
appended ciaims, along with thea full scopg of equivalents to which such claims are
entitled.  Thg disclosures . of all articles :and references, ‘including patent-applications ‘axid
publications, -are incorporated by reference for all purposes. Other combinations are also
possible as will be gleaned from the following claims, .which are hereby incorporated by
reference -into this written description.

(o2} Thg invention relates to & method comprising: providing :a ceramic log with a
first engd and an apposing second.end; providing one or more. cutting devices comprised
of a dual bladed cutting member; and: removing material by cutting at least the firsi‘end
with the dual bladed -cuffing. member, wherein ‘a first blade of the dual bladed. cutting
member provides a finished surface and a second blade removes a percentage of scrap
above the finished surface.

[0021 } in another .aspect the invention relates to ‘a ceramic fog cutting apparatus,
comprising: a-nesting fixture fot holding the .ceramic log; ofy& or m3ore cutting devices, the
cutting- device comprised of a motor and a-dual bladed. cutting member; wherein a first
blade of the dual bladed cutting member provides a finished surface and an off-set
second blade removes . a-‘percentage of scrap.above the:finished -surface.

{022] The inventioty may be further characterized- by one ‘or-any- combination of the
features - described . herein, such ‘as; the percentage .of scrap removed by the--second
blade is sufficient to prevent one or more defects proximate - to an axit edge: of the cuf ity
the ceramic log; the one or more defects proximate ‘to the exit edge-ofthe .cut comprises
an area of ceramic material that is missing from the finished surface; th& one or more
defects proximate to theexit edge. of the cut comprise ‘at least one chig with a depth .of at
least imm;-thg second blade ‘provides increased -structural rigidity to the firs{ blade; a
leading. edge of a. cutting surface of the ‘second blade is off-set inside that: of s leading
edge of a cutting surface of the first blade a sufficient distance such-that a sufficient
amount of 'scrap is removed :to prevent-one -or mora defects proximate to an exit edge “of

thg gut in“the ceramic log; the second blade is off-set at least 2mm inside that of the
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leadirsg edgs of the cutting- surface: of the first blade; the first blade - comprises a first
blade #ypys ang tha off-set second blade comprises a second blade type; the first blade
type and the: second blade typs are identical: the first blade typs ig an abrasive saw; the
second blade type is & serrated blade with & single sided set; the serrated blade has a
kerf that ranges between 4mm to 30Onim ; the ceramic log ‘has a moisture content below
1Opercent; the ceramic log has a moisture ‘content .below 0 percent; the.ceramic log has
& moisture content below 2.5 percent; comprising the steps of removing material by
cutting - at least thg opposing :second. end with the dual hladed cutting member: thg first
end ang the opposing second. end arg gut concurrently with two dual bladed cutting
members;:‘the cutting device comprises a circular saw; the'cutting; device comprises &
band saw; thg cutting device -comprises a reciprocating -saw; the ceramic log comprises
a.one or more honeycomb structures encased by apy outer skin layer; the ong or more
defects proximate to the-exit-edge of the cut comprise an area of honeycomb wall
detachment “from ‘the outer skin layer and/or' other honeycomb structures; the ceramic
log comprises. green ware; arii ths ceramic log comprises mugiite, gordierife, S or
mixtures therein,

[8023] The present invention relates to an Improved method and apparatus for the
preparation of ceramic products {jogs} at a desired segment length, In a relatively short
process cycle time, :all while- minimizing defects, defects particularly at or proximate to

the -exit edge of the cut

Ceramic_Products

[00243 Ceramic products (and ultimately = ceramic - foodies or logs) ‘are generally
prepared by multi-step process. Generally, the process- begins by contacting ‘one or
more precursors for the ceramic structure, ceramic precursors, optionally: one or more
binders :and.one -or mor liquid carriers.. The next step generally includes the formation.of
the desired ‘shape, which.can be completed by numerous shaping processes, but most
commonly by extrusion, then-cut to g near riet dimension (e.g. length, width, thickness)
before the next. processing step.. The product typically is then dried to-a point-where the
moisture - content ranges from about 0 ta 13 percent. 1} is at thig point whore the inventive
metnoWapparaius  may be used (although it is contemplated that thg inventive
method”apparatus can be used on ceramic products that have been further processed).

After the product is cut tg g "finished” length, then it may be further processed ({e,g.
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plugged, calcined, mulkitized, etc)}).. Additional details on these steps -are disclosed in the
following paragraphs,

{028 The ceramic precursors are generally the reaefants or components which
when exposed to certain conditions form a ceramic Hopgy or part, which may “include
materials  such as disclosed in US 748%8%4; US 6,953,554; US 4,948,768 and US
5,173,349 all incorporated herein by reference, for example a porous rnuiiite composition
made by forming a mixture of one or more precursor “compounds having the elements
present in syuilite (e.g., . ¢lay, alumina, silica)v and a property enhancing compound. - Ths
property enhancing compound ‘may be‘a compound having: a# element selected from the'
group consisting of iy, a, Fe, Na, K, Ce, Py, Nd, Sm, Eu, -Gd, Tk, Dy, Mo, Er, Try, Yb,
Ly, B, Y, Sc, La and combination thereof. Also a cerasmiig precursor ‘comprising - silicon
carbide, gordierite, aluminum -fitgnatg, .alumina, zirconia, silicon nitride, -aluminum nifride,
silicon” ©xynifride, silicon carhonitride, beta spodumieste, strontium aluminum silicates,
lithium aiuminurrv silicates, and the like. Organic binders useful in this invention include
arty knowsy _materials: which render-ths wet ceramic ‘green ware shapeable. Preferably,
the binders are organic: materials-thai decompose or burn-at temperatures below the
temperature wherein the ceramic  precursors react to form ceramic bodies or parts.
Among preferred ‘binders are those described i isttresdisetion to the Principlgs of Ceramic
Processing, J. Reed, Wiley interscience, 1988} incorporated hereis by reference. A
particularly preferred binder is methyl cellulose (such as JETHOCEL A15LY inethyl
cellulose, The Dow Chemical Co., Midland, Mich.), Liquid carriers include any ligid that
facilitates formation of a shapeabie wet ceramic mixture.- Among preferred liquid carriers
(dispersanis) are those materials described In introduction to th& Principles[ Of Ceramic
Processing, J. Reed, Wiley “interscience, 1988). A particularly preferred- liquid carrier is
water. The: mixture useful.ifn preparing wet ceramic green ware bodies may be made by
any suitable method such as those known in the art. Examples include bail milling,
yibbon blending, . vertical -screw mixing, V-biending asid attrition milling. The mixture may
be prepared dry (i.e., in the absence of a liquid carrier) or wet. Where the mixture is‘
prepared inthe absence -ofa liquid carrier, a liquid carrier is added subsequently utilizing
any of the methods described .in this paragraph,

[0026] The mixture of ceramic precursors, optionally "binders, ‘and liquid carriers ‘may
bg shaped. by any means known In the art, Examples include injection molding,
extrusion, rsostatie pressing, slip casting, roll compaction and tape casting. Each of

these is described in more detail in.introduction ‘to ifs Principles of C&mmic Processing,
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J. Reed, Chapters 20 and .21,. wisy infatsclenee, 198S, incorporated herein by
reference, ist-a preferred embodiment the mixture -is shaped isito the near net: shape and
sizgy of the ultimate desired ceramic -body; such as a flow through filter. Near et shape
and size. means the size “ofthe wst ceramic green ware ‘frody may be within about TOto
15 percent by volume of the ‘size -of the final ceramic body, and preferably the size and
shape gy be-within & percent by volume of thg size ‘of the final ceramic body. In one
preferred “embodiment the ceramic structures comprise a -honeycomb structure -and an
outer skin layer. Preferably the honeycomb .structure is disposed in planes -perpendicular

to.tha extrusion “direction. . Th& outer “skin layer and the walls of the honeycomb structure

generally have a thickness of between about .250 and £0{ microns, although structures

with thicknesses of .up to about “50 percent larger or smaller are contemplated. = in use,
each channel formed is -plugged ‘at one eng or thg-other.. On a face the ‘channels arg
plugged in an alternating fashion. Preferably ‘the:wet ceramic green ware body does ‘not
have any of th& -channels or flow passages * blocked = or plugged, in practicing the
invention, the porous ceramic honeycomb as well.as thg plugs -(note, the plugs may be
the same or a different . ceramic than - thg honeycomb -~ as well. as may  simply - be the.
partition wails-of the honeycomb pinched together to close off a channel) may ke:any
suitable -ceramic -or.combinations of ceramics,

[06327] in a.preferred embodiment the-wet ceramic gfegn ware body is shaped such
that #'can bg utilized ‘as & flow through filter. - At this ‘stago ' ift.the process the wet ceramic

green ware body’ has tw¢ opposing faces which arg substantially planar.. The wet
ceramic green ware. body exhibits a cross -sectional shape which: is :consistent for -all
planes parallel to the two opposing ‘faces. The cross-sectional shape can iie any shape
which Is suitable for the intended ‘use.and: may b lIrregular or may be of any known
shape, - such as round oval or polygonal. - Preferably the cross sectional shape -exhibits .a
flat surface ‘capable . of .supporting th& ceraniiz’ body, Preferably . thg: cross-sectional

shape is polygonal . in-ong preferred embodiment, ‘the:shape is rectangular or square. - If
thg shape i irregular, it must have at'least one linear path -or one surface .that is planar
sugh that ‘the “wet ceramic ~body can b& disposed on the carrier on the linear path or
planar surface. The wet ceramic green ware foody has & plurality of walls ‘formed ‘which
extend from one opposing face to the other opposing face. Thg walls “form a plurality “of
flow passages that extend  frofy one opposing face ta the other opposing = face.
Preferably, at. this stage, all. of thg flow passages are open to. both opposing . faces. This

allows more efficient removal of liquid carrier. Thereafter the. wet ceramic = green wars

o
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body is subjected tg conditions to remove ‘the liquid carrier, thai isto dry the wet ceramiic
green ware-body, preferably to a point where tie moisture content is about G ggrgent or
less, more preferably about:5 percent or {ess arid: most preferably about 2.5 percent ‘or
less. Preferred drying: methods are  described I co-owned co-pending application lifted
"DRYING: METHOD FOR CERAMIC GREEMWARE"filed June 22, 201 Serial Number
13/1£8,298- ‘and filed in the PCT Jupie 22 20%1 application nutitber PCT/US/1 /41410
both incorporated ‘herein by reference,

[0028 } After removal of the liquid carrier froty the wet ceramic green ware body, tha
ceramic green warg body can be prepared for conversion to a ceramic body* and
wherein the present inventive process/apparatus is most likely utilized, by-cutting the
body (log} to a desired length- (although present invention miay be equally effective when
the ceramic Is furthey cured or muilitized}. &dter utilizing the inventive ‘method/apparatus
disclosed herein, the ceramig-green ware body is exposed to ‘conditions -to burn out the
binder :and to form the ceramic structure. Processes ‘to achieve :this are well known in the
art. The: dry -ceramic -green ware parts are -calcined by heating the ‘dry ‘ceramic green
warg parts to temperatures - a{ which organic ‘additives : and ‘binders  are-: volatilized- or
burned away. The parts are further heated to temperatures at which the ceramic
particles fuse - or sinter together or create new particulates that subsequently fuse
together. Such methods - arg ‘described by numerous patents and open literature
including, for example, US 4,329,162; 4,471,792; 4,001 ,028; 4,182,285; 3,832,326;
4,786,5842;.4,837,943 and 5,538,681; all incorporated herein by reference.

p32SJ it is contemplated that the present invention may b# applicable ‘to any porous
particulate bodies, Most prefereabSy to green ware, debindered greenware, and even

calcined where particulates arg fused ‘but later fused @r reacted to form & stronger body,

Defacty

[0030] It is:contemplated that a "defect" as If relates to-the present invention may be
broadly defirned as a surface irregularity “oti or near the end surface of tha cut log. This
surface irregularity may b ity thes-wails of honeycomb : structure, - isi the :outer-skin ‘layer, or
both. lllustrative examples “.are:showst in Figs. 2A-F, where "chips" of the outer skin layer
are missing ami/or where parts of the honeycomb wall are absent. i{n ong embodiment,
&. defect may fee defined. as & surface irregularity that .causes ‘problems  with thg
downstream processing of th& part, for example -preventing the honeycomb. channel from

being plugged.. In a.preferred embodiment, the defect may bg defined as st least one
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chip with a depth of at least irnm (deptii -from the finished surface) at or near (e.g. with
about 25mm) the exit edge of the cut.

Qjtting _Device

{0031] A cutting device and method is provided that Is capable of cutting ceramic
bodies:, and morg preferably wet (e.g, containing less thas about 10% -liquid by weight)
ceramic green ware bodies, to & desired dimension {&.g. length), whilg maintaining o
creating an acceptable surface finish o the part. it is aso contemplated that the cuffing
process should be relatively quick, for example it should be able to cut the ceramic body
to .a desired length in less than about 2 minutes, ang preferably less than .about 20
seconds, and preferably greater ‘than about 5 seconds (too fast may damage the body),
ft is alsg preferred that it should only take ong cutting pass (per end) to achieve the
desired length and surface finish. in one preferred embodiment, the scrap material
removed -from the end being cut is sufficient to prevent one or more defects proximate to
an exit edge of the cut in the ceramic jog.

[0032] it is contemplated that the: travel across ‘the body being cut at a preferred
range of. speeds from about 1¢ to 4¢icm/minute, {n the case of a circular saw config-
uration, the rotation of the blade may vary from as low as about &00 rpim to-as high as
about 300 rpm -or higher. 15y a preferred .embodiment, the rotation is about 75¢ to 2500
rpm, and giors preferably ‘about 183Qto 200¢ rpm. Inthe case of a band or reciprocating
saw, thg linear movement -of the {slade is in terms of meters per minute (m/min). it is
contemplated that this could range from as fow as about 900w/t to as high as about
i*000m /min. Preferably, the linear movement of the blade is about 1:SOOmM/min to about
{756Gm /min, and more preferably from about 1600m7min to +730m/min;

1§§6333J The cutting device may be included: i3 a ceramic log -cutting ‘apparatus. The:
apparatus may include a nesting fixture that functions to hold tha ceramic part. It may
also -include a power source {e.g. fuotor} thai functions to move the cutting devloe(s).. it
may aso include one or more cutting devices, for example cutting devices disposed &
distance apart from each ether such that each device can cut opposing edges of the
ceramic part either simultaneously -or in close temporal proximity.

[0034] The cuffing device may fee configured in many different forms. Functionaly,
the device both removes an amount of the iog (eg. scrap) and provides a relatively
defect free eng surface (e.g. one: or iess chips). Tha device may be in the form of a

circular saw, a band saw, or a reciprocating saw. No matter the form of the cutting
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device;, the device should b# configured ‘to have two or fiore cutting surfaces that - are.
immediately adjacent (e.g. with-about 13}mm) to one another or are in contact.

[BG35] The cutting: gavice preferably consists of a. dual b&deg cuttisig member,
wherg ong bladg functions to directly cut the finished surface of the log ang & second
blade that functions to aid in the removal of the 'scrap material. These two blades -may
abut ‘one -another along one plane {or may bg spaced apart as much as about 10Orim}
anied are preferably off-set aldng tha cutting surface, itis preferred that a leading edgg of
a-gutting surface of the second blade may be off-set inside that of a leading edge of a
cutting -surface : .of ‘the. first blade a sufficient ~distance: such that asufficient amount of
scrap is removed to-prevent one:or more defects proximate to an exit edge of the gut in
the ceramic - log. in one .preferred embodiment, the ‘second -blade is oft-set about 2.0mm
or mogs, more ‘preferably about 5.0mm or more, most preferably about 12.5mm .or more,
and off-set abou}. SO{mm of less, mors preferably about 45mm or less, most preferably
about -40.3mm or less, all inside the leading edge of the cutting “surface of the first blade.

[0038&] The blades may comprise the same or different blade “types, so long as they
provide the functionaliti? discussed within this disclosure. {n one embodiment the blades
consist of the 'same type- of blade. It another embodiment, the blades &g two different
types. The type:of blades useful include for example, abrasive saw blades ans serrated
saw ‘blades.. Anabrasive saw blade is-similar to.a thia grinding wheel, ani a serrated
saw blade is a blage with a cutting “edge that has many small -points -of contact with thg
material being cut.

{0037} in a preferred embodiment, the blades are different types, wherein the first
blade is an abrasive -blade and th& second blade is & serrated blade, ivigre particularly,
the abrasive : blade comprises ‘a diamond grit blade and the serrated ' blade: is a carbide
tipped blade, and more ‘particularly a blade .with a single sided set.

10038} Iri one preferred diamond grit' blade embodiment, thg blade may comprise a
grit rating:that may range from as {ow as 40/80 to as high as 200/220 -and: stili may
perform as required. Functionally, ‘the grit value should be appropriate to cut the . tog
without crgating excessive defects, If is believed- that the higher the grit value: (e.g. the
finer the “abrasive), tlie better the chance ‘to have a defect free ‘cut, but thg higher the
chance that the blade will become clogged sooner and would have to be cleaned
("dressed”) morg often than would be desired, particularly in a production environment

{t is believed that there is @& relationship between the: moisture = content of the log and: thg

limit. oty how high a:grit:value that can bsg used. in one preferred embodiment, :a grit- value

10
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of .about BO/80 oriess may be used ©n. logs with-a moisture content -below about 10
percent: by weight or less, more preferably a grit value of about: 100/120 or less .on logs
with a moisture content below about $ percent by weight or less, and most preferably a
grit value of about 200/220 ‘or less o logs with ® ‘moisture -content below about 2.5
percent by weight or less.

[0030] In:one preferred serrated blade embodiment, thg-:cutting-member has a kerf
that s about-2mm: or more, more preferably about 4mm or more and roost preferably
about 7mm or more, It is also preferred that the kerf is about 50mm .or Iess:, more
preferably -about -40mm or:less, and most preferably about 3¢rim or less.

{oaea] Preferably  the blades provide .complementary structural reinforcement ox
increased structural = rigidity, particularly in the case: where the two blades abut one
another along one plane. The blades in.combination provide sufficient stillness ‘to reduce
or eliminate any deflection that may induce: defects. In & preferred embodiment,  the twg
blades together “are-at least 100% more-stiff than if-the :blades wera not together. This
may functiar: to allow thg blades to be run while preventing excessive movement or
flexing that could cause surface -defects on the ceramic part,

a1 {n orie preferred embodiment, the device is a circular saw, where thg device
includes dual blades that rotate irvthe same direction about a central axis. It is preferred
that the dual blades abut one another in one plane and have cuffing surfaces: tija arg
radially off-set {& first larger and & second swiatler blade), it is contemplated: that the
diameter of the blades should be larger thas the cross length of the ceramic body to be
cut. In one preferred ‘embodiment the blades diameter is sufficiently "large such that it
cuts the:log in one pass. Preferably, the blade-diameter Is at least about 240 percent or
more larger than the cross length: of the ceramic body (e.g. area to be cut), more
preferably - about 300: or more, ang. most preferably about 385 or more;: .and at most
about 600 percent: larger, iriore preferably -at'most ‘about £00 larger, and most preferably
at most-about-420 larger.

[0042] {t is also preferable that all of the cross length of the  ceramic body ba
positioned well inside the blade diameter. in other words, the center of the ceramic body
should be proximate to the axis. of rotation: of the circular blade. Preferably, the center
axis -of the ceramic body be the same as that of the axis of rotation of the circular blade
or laterally off-set.at most about %% tha radius of tha larger first -blade, morg preferably ‘no
imore than about 1/3, and most preferably no more than about 4, An:lllustrative example

(Example No. 3) is provided below. Figure: 3& shows the axis-of rotation-400 (center of
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blade i3 the cutting direction) with respect to two orientations. of the ceramic sy with
respect toth& blade.

f0043] Preferably “a method of cutting, givest the ‘above details ang the examples
below, .includes at least the steps of: providing #.ceramic log with ‘a first eyyd and an
opposing second end; providing o:ie.or more cutting devices comprised of a duaj bladed
cutting- member; ‘and removing ‘material by cutting at least tha first end with thg duai
biaded -cutting “‘member, wherein a first blade of the dual bladed cutting member provides
a finished surface ‘and a second blade removes. a percentage of scrap above the
finished -surface.

[0044]: Preferably, the percentage of the scrap removed by the second blade is
sufficient to prevent the defects -discussed in this application. As the blades move across
ths log, making the cut, #ig second blade removes a percentage the scrap frosi-above
the first blade. This should help reduce the occurrences of defects by removing the mass
of the 'scrap and ths potential deleterious effects the presence of the scrap may have on
the log walls (internal oy external swalis} before fhie first blade nears (or reaches) the exit
edge of the cut.-in‘a preferred embodiment the second biade removes: at least about 50
percent of the scrap, more preferably atleast aboui 80 percent, most preferably .at least
about 70 percent.of the total scrap, and at most - aboui 8% percent, more  preferably: at
most. about 90 percent, and most preferably at most 85 of the total scrap before the first
blade nears (or reaches) the exit-edge.of the cut.

{Qiﬁéﬁ} There is.a relationship between the kerf of the ‘serrated biadg ang the position
of .the cut being made below the:end ‘of the log. The ‘distance *{¥*, is the distance from
the end of the uncut log to the finished cut surface. i is preferred that *D” bg small
enough so tha cutting ‘member can effectively remove the scrap arwi prevent defects in
the log from the cutting, but large -enough -allow for the process to require only ong cut
per gide. Preferably, “D" is about 0.5 times to about 3.0 times the kerf of the second
blade, more preferably about0.75 times-to 2.0 tiroes and most preferably about 1.0 to
1.5 times tha kerf.

illustrative Esnbicflli«artts of the Invention

[0046] The following examples arg provided to illustrate the invention, but are not
intended to limit the-scope:thereof. Any dimensional .information ‘used in these-exampies
should not be considered ' limiting and i is contemplated that the ceramic parts and

cutting devices could bg:significantly smaller or larger.
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Example i: Circular_Saw 2$Q

{Baa7} As an illustrative example, as shown in Figures 1, 4A and 48, a circular saw
style ceramic - log cutting apparatus 100 is presented. The-apparatus 1.00 includes a dual
bladed cutting member 2{i0, a ceramic log 38, a nesting fixture 11}, and motors -(not
shown) - that drive 'the ‘member 200.

{‘0048] The dual bladed -cutting  member 200 iy #1is example . consists of & first blade
21¢ ang a second blade 22§ abutting one -another, as illustrated in Figure 1. {13 this
example, the first bladg 2 is & circular blade -with a diameter “of about - 1§iy (408mm)
and the second blade: with & diameter of about 15.i. {381miys). Both blades rotate
about a common axis €in the same direction) ‘and ‘a-leading edge 222 of 'thg cutting
surface of the second blade 220 is off-set inside that of-a leading edge 212 of the cutting
surface of the first: blade 2%{} by about O.Sin, (12.5mm). Blade 210 is. an abrasive saw, in
this ‘example a .diamond grit blade (0.0S0in, (1,3mm}:) core thickness and an 80/100
diamond grit) ‘and blade 224 is a serrated -blade with .a’single sided set, morg specifically
a carbide -tipped .blade (0,12SIn. kerf (3,2mm)},

fRo49] Thg member 200 is rotated at & rate of about $&00rpm and feed into the log
300 at a rate ranging from ‘about 1{ to 40cty/ miniite to perform the cutting .of the log-300,
The cut is made -below the end of the log: a distance *{¥* that Is equal to or as much as

1.5times thg kerf of blade:220.

Example 2; Batid Savy/Raciprogaiing Saw 548

[0050] As another -illustrative - example, & band saw/reeiproeating saw style ceramic
log cutting apparatus 100 is presented. The cutting member &3 is 'similar to: that
presented in thg circular saw example above in that & leading edge 522 of the cutting
surface of the second .blade :520 is off-set inside that of a leading edge & 12 of the -cutting
surface -of ‘the-first blade 510 by about O.Sin, (12:&mm}. Blade 510 is an abrasive saw, in
this : exampie a diamond grit- blade  (0.0S0in, (1,3mm)) core thickness and an 80/100
diamond grit) and blade $20 is a serrated blade with a single sided set, inore specifically
a carbide - tipped  blade (&.125in, kerf-(3.2mm)), The member does not:rotate, -but has &
linear motion (one direction for thg band saw and two fog the reciprocating sawj} of about
1700m/minute and feed intg the fog 300 at-a rate: ranging from about {} t&-40cm/minute

to perform the cutting of the log:300.

13
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Example & Cireulsr Saw 800

|G881} In an illustrative - sxamgies, two circular saw style ceramic log cutting methods
are presented, ina first set-up {YL11), a log 300 is placed such that the bottom of & & log
300 ig-disposed nearer the bottom of the circular saw 600. {rs a second set-up {Yi.14},.
thea log 309 is placed such that it is nearer tha axis of rotation of thg saw 600, both set-
ups.as shown in Figure :3A. Two groups of seven logs -3{33 each are processed as
described in‘example - 1 above, with the location of'the:log-300 relative -to the -axis of
rotation of the saw $00 being different for each group. Table 1shows the result aiid
illustrates that the ‘average yield of “tiefect free" parts ‘is significantly higher when the log
is:nearer ‘'tgy the axig of rotation of the saw 600, Figure 38 i& a bar chart of the results

from Table 1.

Table 1
Billats Parts Parls Top Face Bottom

nassed  iHalled Grack Yisld Face

' Crack

Yiald |

£.050" blade Q 20 80% FE%
0.040" blade 4 17 88% . B8%
¥L11-1 3 84 33% §75%
MR- 12 53 81% - 81%
YL11-3 G 83 83% A2%
Y114 5 73 42% S0%
Y115 18 g 83 : 41 % 58%
¥L11-8 5 83 19% 27
Y317 3 i7 % 18%
Ayerage 38% 55%
RAMESY 37 §1 B0% 80%
Yii4-2 28 89 85% B3%
¥L14-3 24 73 50% 51%
Yiig-4 38 &1 Q3% - 84%
Yii4-5 38 57 B9% 83%
Yi14-8 7e 1 A4 Q7% 83%
Y1L14-7 37 96 S6% 53%
Average ol es% 7%
Comparalive Example
[0052] Examples are run between a gual blade member 200 and three single blade

configurations, 'in set-up -number - one, a single blade ‘with a 0,055" core thickness and an
80/100  diamond -grit is used, set-ug number two-, a single blade with -a $.040" core

thickness #agi a .80/80 diamond grit'is used, set-up number three, a single blade with a
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£3.040" core thickness and an.80/100 diamond . grit is used, and in the fourth set-up, a
dual blade as described in Example 1 & used). The “various blade configurations :are
defined iy labia 2 below The:blades are rotated .at a rata of about {&Qirprt and feed
into the logs 304 at a ratg ranging from about 10 to 40c¢wy/rmnuts to pef ort the cutting
of the log 330, At feast 2000 logs 300 are ¢ut in'each set-up -and the resulting percent of
defect free logs iz presented iri Fig. 8. A defect being defined: as at: least two-chips wit}3
a-depth of ‘at least i at or near (e.g. with about 25mm} the exit edgg: of tha cut.
Using Tukey-Kranter method (Tukey-Xramer method is a single-step multiple
comparison procedure .and statistical test gansyally used in conjunction with an ANOVA
to find which means are significantly different front one another) it is shown that the
inventive dual :blade ‘approach produces a significantly larger percentage of acceptatks
("prime") ‘parts of segments. The results are shown in the chart of Figure 5. The circles

on-thg right of the chart show the range .of results for each blade configuration.

Tabie &
Term Deseriplion Ref Nai
Prime Part A part that exhibils 2 oy less chips sach less thand |
deep.
Singls NJUW 085" | North Jevsey Diamond Whest suppiied Made with a g0t
BoftQe (.088" core thickness and an 8WI00 diamond grit
Single UICAK 00407 | UKAM supphied biade with 8 0.040" cors thickness and | 802
Ky & 80/80 dinmond grit
Single UKARM 0.0407 | UKAM supplisd bade with 2 0.040" core thickness and | 802
80100 ) an B 00 diamonget
Two Slade UKAM Yoo blade set up. 563
$.080" 80/ 00 and Frimary blade: UKAM supplied blade with a 0.058” core
Carbide Tippsd 18" | ihicknoss and an 807100 dismond gt
Secondary blade: Speclalty Sew Ing. supplisd carbide
tipped blade 15" in Hameter with 3/8" ker! {tustom
designad)
|85353] Unless :stated otherwise, dimensions -and geometries of‘the various structures

depicted herein are not intended ‘to be restrictive of the invention, an¢ other dimensions
or geometries are possible. Plural structural components can be provided by a single
integrated structure. Alternatively, & single integrated structure might be divided into
separate plural components. In addition, while' a feature of the present invention may
have been described in the context of only orie of the illustrated embodiments, such
feature may be combined with one or more other features of other embodiments, for ary
given.application. It will also be appreciated from thg above that the fabrication &f thg
thereof also -constitute methods in

unique  structures - hereirs. and the operation

accordance with the present .invention.

sy
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faas4] Any numerical values recited in the above application irid uds ail values-from
the lower value t the upper value iy Increments of -one -unit provided that there is a
separation of at least 2 units' between any lower value and agy higher value:. As an
example, - if it is stated that the amount of a compongnt or a value of a-process variable:
such as, for example, -temperature,, pressure, timg and the like is, for example, from 7 te
so, preferably: from" 20 tg 80, more preferably from 30 to 74, if is intended that values
such as 1§ to 85, 22 to 68, 43 to 61, 3{} to 32 etc, are expressly enumerated it this
specification. For values which are less thast, one, one unit is considered to be:0.0001,
0.001, 0.01 or 0,1 as appropriate. These are -oniy ‘examples of what Is specifically
intended and all possible. combinations of numerical values between the lowest valug
and the highest vaiue enumerated : are to ‘be considered to be expressly stated it this
application in a similar manner.. Thg term. "consisting essentially * 0f" to describe a
combination ‘shall Include -the-elements, Ingredients, ‘components or: steps identified:, .and
such-other siamaniz ingredients, components -or:steps that do not .materially affect the
baste arid novel characteristics of the combination. The use of the terms “comprising” or
including” - to describe combinations of elements, ingredients, components or ssteps
hereiry. also contemplates embodiments that consist. essentially of thg -elements,
ingredients, components or steps. Plural elements, ingredients, components or steps
can be provided by a single integrated element, ingredient, component or step.
Allarnatively, % single - integrated element, ingredient, component o step might b
divided i{nfo separate plural elements, Ingredients, components -or steps, Thg disclosure
of *5” or "one" to describe -an element, ingredient, component or step is-not intended to
foreclose - -additional elements, - ingredients, components - or steps, Uniess otherwise
stated, ail ranges include. both endpoints “and all nhumbers between the endpoints. The
use of "about” or™approximately” “in-connection with & range: applies to both efids of thg
range. Thus, "about 20 to 30" is intended: to cover "about 20 to'about 30", inclusive of at

least the:specified endpoints.
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CLAEBS
What isclaimed is;

Claim 1: A ceramic log cutting :apparatus, comprising;

a nesting fixture for holding the ceramic log;

one or more cQtting devices, the' cutting device comprised of a motor-and a dual bigded
cutting. member;

wherein a first blade of tha dual {3!ladad cutting member provides a finished surface -and
an off-set gecongi blade removes & percentage of scrap above the finished surface.
:Claim.:2; " The ceramic igg cutting apparatus according to ciaim 1, wherein the off-set
second blade has a kerf that-allows for a percentage of scrap to bg: removed that is
sufficient to prevent -ong oy more defects proximate to an exit.edge-of tie cut st thg
ceramic log.

Claim:3: The *ceramic og cutting apparatus according to claim 1 or.2 wherein thg off-set
second blade provides ‘increased structural rigidity to the:first blade.

Claim 4: The ceramic ‘iog-cutting apparatus “according to any osie-of claims 1to 3,
wherein @ leading eggs of a cutting surface of the off-set - second blade is at least 2mm
inside that of a leading edge of a cutti‘ng surface .of‘the first .blade.

Claim s: The ceramic log cutting apparatus according to any ong of claims 1 to 4,
wherein .the kerf-of the-off-set :second blade .ranges between 4mm to 30mm,

Claim 6: The ceramic iog cutting apparatus according to any one of claims 1to 5,
wherein a leading edge of a-cutting .surface of the second blade ‘is off-set.inside:that of a
laading edge -of a cutting surface of the first blade a sufficient distance such that a
sufficient - amount of scrap is removed to prevent one or more defects proximate to an
exit edge of the cut inthe ceramic: log.

Claim 7: Thg cerarnic log cutting apparatus according to any one af claims 1to 6,
wherein the first blade comprises afirst blade:type and:the .off-set second  blade
comprises a second: blade type:

Ciairn .8; The ceramic log cutting apparatus -according to-any one of claims 11t 7,
wherein the first blade type andg the second blade type are identical.

Claim 9: The ceramic log cutting ‘apparatus according to-any-ode.of claims 1to 8,
wherein “the first -blade type is-an abrasive saw.

Claim {g¢: The.ceramic log cutting apparatus according to asty one of .claims.1to 9,
wherein ‘the second blade provides iincreased "structural rigidity to the first blade .

17
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Claitv i 17 The.ceramic log cutting apparatus according ‘to-any ofie of claims. 1to £,
wherein the second blade type is a serrated blade with a:single sided.sst:
Claim 12: The ceramic log cutting apparatus according to any one of claims: 1to ¥t
wherein the cutting device comprises ‘a circular ‘saw.
Claim 13: The ceramic log cutting.apparatus “according tg any otie of claims #i.'to 12,
wherein the cutting device comprises a band saw,
Claim 14; The ceramic tog cutting apparatus according to any one of claims 1to 13,
wherein the cutting device comprises .a reciprocating saw.
Claim 1&: A method comprising:

providing “a ceramic log with g first.end and an opposing -second erid;

providing “one or'more cutting devices according to any one of Claims 1to 14;
and,

removing ‘yatarial by: cutting at least the first eng with-the dual bladed cutting
member, wherein a firsi blade of the dual bladed cutting member provides a finished
surface -and a second ‘blade removes a percentage of scrap above'the finished surface.
Claim 16: The method .according :to Claim 15, wherein the ceramic log has a moisture
content below 1{ percent..by-weight -or less.
Claim 17: The method according to Claim S or 1§, further comprising the steps of
removing material by cutting: at least the opposing second end:with the -dual bladed
cutting- member.
Claim: 18: The method according to-any one of Claims 1§ to 17, wherein the first .end
and: the ‘opposing second estd are cut concurrently with two dual bladed:cutting
members.
Claim 19: The method according to any Claims 15 to 1&; wherein the ceramic:log
comprises a.one ormore honeycomb -structures encased by any outer skin layer.
Claim-20: The method according:.to-any one: of Claims. 15 to 19, wherein a center:axis of
the ceramic body and an axis ‘of rotation of the dual bladed cutting member are laterally

off-set .no wyore than 1e-the radius of the larger of the blades.

18
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