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Description 

Backg~und of the lnventlcm 

This invention relates to a cordierite body of 'tow thermal expansion and high porosity. The invention·· ,,: .. ;:::::'.··:,::,:~~:::-· 

relates to a method of making the body which ma~es use· of a raw materlat composition of coarse ·.talc.Jn .... _ ,._ -~··· :_~,.;, ... _. 

combination with silica, an alumina yielding component, and optionally, clay. More particularly, the body ls··· : · ·. ·:\':} 

for.med by extr~ion. Still more particularly, the bodyhas a heneycomb structure. i · · ... :.; · ·. · · ··· :,::.::;;...:...::·:;;:.;!:';: 

Gordierite 15bdies having honeycomb ~ctures are. espee<ialty suited for but nofiimited to use as di~~I 

. ·~ 10 particulate filter§; and as substrates for catalysts and ·eataly~t- supports in converting ~utomotlve exhaust. · 

. :.· 

Honeycomb,s, especially extruded honeycombs; find use Jn a number of applj~ations, such as. diesel 

particulate filter8,· as substrates for catalytically active components .for catalytic converters for automobiles, 

etc. Use of cordierite is favorable in these applications beca:~se of Its good thermal shock resistance. The 

thermal shock resistance is inversely proportional to the coefficient of thermal expansion (CTE). That is, 

15 honeycombs with low thermal expansion have good thermal shock resistance and can survive the wide 

temperature fluctuations that are encountered in the· application. · 
.· ·· In these particular applications, in addition to low·thermaLexpansion, a high porosity is desirable. When 

the body is used as a .diesel particulate filter, a high volume' ftaction of interconnected porosity enh .. ces.·· .. · ·-··--.. --. · · 

the. filtration capacity of the filter. When the body is used .. •as a substrate for ~ysts in a catalytic · 

: 20 converter, a high porosity affords area for better adherence of high surface area washooats which support 

v 

.:·.;;· .. ·. 

.. ·~: 

. i." 

the catalysts. · 

The following patents each relate to ceramic honeycombs having relatively low CTE's and· various 

ranges of and types of porosity. · 

U.S. Patent 4,869,944 relates to a cordierite honeycomb structural body to be used .as a catalyst carrier 

25 having a low expansion (~3 x 10-7 • C-1 from 40 to 800 • C) with limited porosity in ... the range of ~30% and 

<42%. 

30 

European Patent Publication No. O 354 721 relates to a porous ceramic honeycomb filter used.•.~.. .. . -··· .. -·- . 

diesel particulate filter. Cordierite is given as the ·the main component The porosity is >42% . The thenTaat· · ·· · ..... , .. 

expansions are reported to be ~7 x 10-7 • C-1 from 40 to 800 • C. · · · 

U.S; Patent 3,885,977 relates to an extruded honeycomb monolithic fired ceramic whose prim~ry 

crystalline phase is cordierite and whose microstructure is characterized by a greater than ~d.om 

orientation of the anisotropic cordierite crystallites with their low thermal expansion· direction aligned 

substantially parallel to tne plane of the webs of the monoliUl. The axial expansion coefficient of the: ......... :::~·::· 

honeycomb with the composition neat that of stoichiometric cordierite may be as low as 5.5 x 10-7 ·0'"'1 ·or.. ' ...... ···::~:·· 

·lower in the range of 25 • -1000 • C. Porosity values are not disclosed. 

It would be desirable and an advancement in the art to~ able to produce a cordierite body whicti.has·· 

a lower thermal expansion than has been set forth by the prior patents and at the same time has a high 

porosity. · , ·· . . 

;· .... · . 

40 SUMMARY OF THE INVENTION • 

. ;;.; ·~~. 

In accordance with one aspect of the invention, there is provided a body of at least about 93% by 

weight cordierite, having a coefficient of thermal expansion of no greater than 4 x 10-7 •C-1,-from 25•C to 

800 • C, and a total porosity of greater than 42%. · 

,. 45 In accordance with another aspect of the invention, there is provided a method for producing the ab9ve 

described body which comprises selecting raw materials to form a composition which forms cordierite .on 

firing, the raw materials being composed of: talc having a BET surface area of no greater than 5 m2/g, 0 to 

48% by weight of clay, which can be platelet clay, stacked clay which can be delamlnated into platelets 

during processing, and mixtures.thereof, an aluminum oxide yielding eomponent having an average particle 

50 size of either 3 to 8 micrometers in diameter, or no greater than 3 micrometers in diameter, and free silica, 

intimately blending the raw materials with an effective amount of vehicle and forming aids to impart plastic 

formability and green strength to the raw materials and form a plastic mixture therefrom. If the particle size 

of the aluminum oxide yielding component is no greater than 3 micrometers in diameter, the raw materials 

are blended additionally with a burnout agent. The raw materials are formed into a green body which is 

55 dried and fired at a sufficient temperature for a sufficient time to form the cordierite body. 
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BRIEF DESCRIPTION OF THE FIGURES 

Rgure 1 is a plot of% filtration efficiency versus% porosity >10 micrometers for bodies of the prese~t·: .. :.~::·: .. j.:::~.: 
invention as used as diesel particulate filters. · · ··· ··· ·: ·· •· -~- '°' .......... . 

~ 6 F_igure 2 is a plot of pressure drop versus'% porosity >10 microQleters for bodies of the present · · 

·' ··-... -~ ::-:". . .. . .. 

·i,.· 

.. -~ 

.. ···· .. :: 

·< 

';. 

. '.~· 

invention as used as diesel particulate filters. · · ·· · ·· · ·· · 
·~.t · · ···· - · :. <" 1r~ 

~: 

DETAILED DESCRIPTION OF THE INVENTION -:i. ·' . .' : . -- .. ---~ ·- ... -···"":--~\-
r· 

10 This invention relates to a cordierite body of low thermal expansion and hlgh porosity and to the .. ~; :. 

method of making the body. The !ow thermal expansion enhances the life of th&'body through repeatcMI · 
' very high-very low temperature fluctuatons that may be •encountered in the application. The body Is · 

especially suited for, although not limited to, use ·&S a die8tl particulate filter. In this application,. the high 
poroSity allows for increased filtering cap~city. Moreover;; various comb1nations of pore sizes ·can··ba··.· -· ...... ··· · · 

1s attained in the high porosity body while the very low CTE is maintained. Thus, the body can be made· to · · · 
suit a variety of applications, e.g., a variety of filtering applications. In aceordance with another con­
templated use, the relatively high porosity allows· a higher',~tirface area for increased loading of catalytic 
components when the body is used as a catalytic eonve~r. ·or for better. coatabillty for other ·end· use 

20 

applications. ( · ·· · ~- · · 

Description of the Raw Materials and Composition 

The raw materials are selected to form a composition of MgO, Al20a, and SiCh which will form 
-cordierite on firing, The composition preferably consists essentially of nominally, in percent by weight 12 to 

. 2s 16 magnesium oxide, 33 to 38 aluminum oxide, and 49 to 54 silica. The most.preferred composition·.: 
consists essentially of nominally in percent by weight 12.5 to 15.5 magnest.um oxide, 33.5 to 37.5 aluminum·· 
oxide, and 49.5 to 53.5 silica. -· '_. .. , -· .·· · .. ··: ·.' . · · 

Although the composition is relatively pure, some allowance is made for impurities. Impurities within the.: ... 
cordierite body are ·of concern since these can affect properties such as increasing CTE. Typically· - ··: 

30 cordierite bodies are affected by impurities such as Cao, K:!O, -N~O. FeaOa, etc. It is desirable that the · 

35· 

sum of the CaO, ~O. and N820 content be no greater than 0.15% by weight based on the total raw:: . 
material~. · ······· ······· · 

The Type of Talc 

One of the ·critical features of the present invention is "1e t6rm of talc. All or ·part of the talc can be·. 
calcined. . ''.':'. · 

. The 'talc is. provided in the form of coarse talc. By coarse'. talc is meant that it must have a BET surface 
area of no gfeater than 5 m2/g, and preferabfy no g~eater than 3 m2/g: It is pre.ferred.that the talc be platy . 

40 By platy'"talc is meant a platelet;particle morphology, that is, the particles have two· long dimensions and 
.one short dimension, or, the length and width of the_,;platelet ~re' much ·1ar9er ·ttian its thickness. It is 
preferred that the talc have a morphology index of no less than about 0.80. The morphology index is a 
measure of the degree of platiness of the talc. One typical procedure· for measuring the morphology index 
is to place the talc sample in a holder so that the orientation of the platy talc is maximized within the plane 

45 of the sample holder. The x-ray diffraction pattern is then determined for this oriented talc. The morphology 
index semiquantitatively relates the platy character of the talc to its XRD peak intensities using the following 
equation: 

60 
where Ix is the intensity of the (004) peak and ly -is that of the (020) reflection [overlapped with the (111-) 
and (11 O)J. It is also preferred that the quotient of the talc mass percent <2 micrometers In diameter/the talc 
morphology Index be no greater than 30 and preferably no greater than 20. Calcium is normally present as 
an impurity in talc. In accordance with the present invention, CaO is preferably no greater than 0.3% and 

ss most preferably no greater than 0.15% by weight in the talc. 
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The TYJ?! of Clay 

··.Jri~~: 
. .:' ~-

In accordance with the pre$ni invention, clay can be present as part of the raw material composition. :: __ ,·::-;::J . 

. ~. When clay is present, it makes.up no greater than 48% and preferably no greater than 20% by Wight Of~~ ···:C:.-· --~<+·· 

· · ~6 the ravi material composition. When clay is used as a raw material, it must·have specific properties in order·. : · .:. : ._::-~~;: 

to attain.the 10..V CTE-high porosity combination in the body. The clay is pf9vided in the form of a.platetet... :::, .. :··,. 

clay wMch" has platelet dimensions as· described above for the talc, · o~ stacked clay which· can be · · · 

delaminclted into platelets puring process!ng, or mixtures thereof. The mineral kaolinite oceurs in.'"staC.ks" of··.<····.... :.· .. 

platelets with one platelet stacked on tq):of others like slices in a loaf of breact The stack of platelets forms !_;' · 

10 a rod sha"ped grouping within the lengtlt of the stack substantially larger"thail the diameter. These kaplln_ :~· 

stacks are then broken apart (delaminated) by mechanical processing and the individual platelets are ·· 

separated~ Now e~ platelet has a diameter (or length and width) signlficant1y· 1arger,··e:g:, ten times larger 

than its thicknessi'"lt is preferred that the BET surface area of the clay be no less ttfiln 7 m2/g, and most ·' 

preferably no less than 1 O m2/g based on clay in the uncalclned state. This means that if clay is to be . 

16 calcined prior to u$e in the raw material compoSition of the· present invention, the BET surface area before 

calcining must be· preferably no less than 7 m2/g and most preferably no less than· 1 O m2/g. The preferred. 

types of cl~y are'kaOlin, calcined clay and combinations of these. If calcined clay is'usect as part.or all.of 

. the clay component, the weight percent mullite in the calcined clay is no less than 2% of. the total ~ o( 

the calcined clay. The weight percent mullite" that can potentially form after complete recrystallization of the· . 

_· l,.., 20 clay by. prolonged calclnation at high temperatures is 65% of the mass of the calcined clay. · · · ·· ·· · · '·· ·· 

.. ·. Tll~. Type .of Aluminum Oxide .Yielding Component 

--~·.:.;.::· .:;:.:;·::· ::
:· 

The _aluminum oxide yielding component can be aluminum oxide per se, or any material that when fired .. ~ 

25 . forms .aluminum oxide. The aluminum oxide yielding compooent must be of fine particle size In order for 

. the low CTE to be auained in the body. The· average particle size of the aluminum oxide· yielding' : ·· 

• '.:' · . component is no greater than 8 micrometers in diameter. The aluminum oxide yielding component C8"l have _·. · · · · · ·:, . 

. :::;.~::_:_.-: ·~an ··average Particle slZe .of either from 3 to 8 micrometers In diameter, or no grea~r than ·3 micro~~ In':-. · · · ~~-- : .. ~:·.:~: ... ~:.: 

.::.;;::;:.::. :diameter. When the average particle size of the aluminum oxide yielding comi>onent is no greater~ a>;,,_.,.,. ·::;:/.-' 

·' ··;;r~· ' .... 30 ... micrometers In diameter. the addition of a burnout agent is necessary to maintain a total porosity of.g~L ...... ____ ·--''-'·--

.. ~';::·:· ·-· , .. · ···than 42%· by volume. SOme preferred aluminum oxide yielding components that are especially suited to qie:,··-_····---·····-·-·=---

:··-'.c-:'''.~ · praclice of the present Invention are aluminum oxide, aluminum hydroxide,· aluminum oxyhydrate.· and.... ·. · · ····· · 

:~I .. ~~;'~'.~~.··· · .combil)Btlohs of the~. It is preferred to have aluminum hydroxide at a level of no less~ 1% by wetght ...... -.· ·······-

. -----···· ·· · ·and: most preferably no. less than 5% by weight of the raw· materials.;· $ome preterrect aluminum ·oxide · · ·· · · 

· .. _,._., · ss. yielding components are alumina, and a combination of alumina and aluminum hydroxide. In these. · .. . : .. . : 

:·:, .. ~· · ·combinations and other combinations, the alumina is preferably alpha alumina. " ·' 

~--: .... ~:~ ;; : 
~ 

~-'. 

· -.-:~ . .-· ~-- · ' Th9 Type of Free Silica 

: ~wr;~ 4(} ·"'The silica ·can be provided in any.'available form, e.g •• crystalline, ar:orpho~~. etc . 

.. )S:_'_::;_·_:, 
The raw i:naterials of the present invention result· in the formation of cordierite· in 'tile subSequent firing 

·step. 
A bumout agent or agents can be added to enable further control of the porosity to desired levels as 

discussed previously. A bumout agent is any particulate substance (not a binder) that bums out of the 

45 green body in the firing step. When the aluminum oxide yielding component has a very fine particle size, . 

that Is, an average no greater than 3 micrometers in diameter, a burnout agent is necessary to achieve a 

total porosity of greater than 42% In the body. If the average particle size of the aluminum oxide yielding 

component Is about 3 to 8 micrometers In diameter, a bumout agent can be used to further Increase the 

porosity. Some types of burnout agents that can be used, although it 1s to be understood that the Invention 

so is not limited to these, are organics that are solid at room temperature, elemental carbon, combinations of 

these, etc., for example, graphite, cellulose, flour, etc. Elemental carbon is preferred. Graphite is especially 

preferred because it has the least adverse effect on the processing. In an extrusion process, for example, 

the- rheology of the extrudable mixture is good when graphite is used. Graphite has a consistent.particle 

size. Therefore consistent results as far as porosity can be attained. With graphite, the formed body dries 

55 without cracking. The BET surface area of the graphite is preferably no greater than 5 m2/g in order to 

maintain a high degree of orientation in the cordierite, and mlcrocracking. 

:fhe above composition Is then blended with a vehicle and forming aids which impart plastic formability 

""=;;.·, •. __ . · ···· ··and green strength to the raw materials when they are shaped into a body. When the forming is done by 

...... -. ..... , . 
..... -.,, ... . 
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extrusion, the extrusion aids most typically used are methyl cellulose which serves as a binder, :and: a;"~.::·=;:~;;~~' 

lubricant such as sodium stearate, although the invention is not limited to these. . . ·: : ... , ... ··-··-· 

· · The relative amounts of foiiriihg aids can vary depending on factors. such as nature,. and. amounts.: of raw·'.";·:·'::-;:,'·· . 

materials used, etc. Typically, however, when methyl cellulose is used, it is present at a level ot"1%"fu-a%······:· ··-·-,.­
as a super addition to the raw materials. Typically, when sodium stearate is used as the lubricant, it is :: · .. ·' · ·. :·., .·· 

present_ at a level of up to 1% by weight as a super addition to the raw mate~ials. Some especially preferred:·::'.. .-~··:·; 

vehiclelk>rming aid combinations will be :described in the examples that follow. · ..... ' ~~ .... .:: : .. 

In aecordance with a preferred embOdiment, for an extrusion process, the raw material composition ancLr:~~::'·;;:t:. 
extrusion aids are mixed together in dry form and then mixed with water as the vehicle. The amount of; · 

10 water ·can vary .from one. batch of materials to another and therefore is determined by pre-testing· the1/ 

particular batch for extrudability. 
The,raw materials in the resulting plastic mixture are then formed Into a green body. Articles which are · 

unsintered are referred to as green bodies. Extrusion techniques are well known in th$ art. Some examples .. 

of preferred techniques will be given in the examples that follow for fabrication of the preferred types of .. · 
15 bodies. · · ··· ........... ··---····· 

The invention is not limited to shape and size of the body. The body can have any shape and size 

depending on the. ·application. One preferred structure is a honeycomb structure. •Some examples· of 

honeycomb structures, are those having about 94 cells/cm2 (about 600 cells/in2), about'62 cells/cm2 (about 

400 cellsJin2), or about 47 cells/cm2 (about 300 cells/in2), those having about 31 cellslcin2 (about 200 

20 cells/in2), or those having about 15 cells/cm:? (about 100 cells/in2). Honeycombs having about 15 to about 30 . 

cells/cm2, (about 100 to about 200 cells/in2) ~d about 0.30 to about 0.64 mm (about 12 to about 25. mil) . 

wall thicknesses are especially suited for diesel particulate filter applications. . · . 

Once the green body is formed, it is dried at a temperature sufficient to remove any water or liquid ·· 

phases that might be pre$ent. · 
25 It is then fired at a sufficient temperature for a sufficient time to form a cordierite body. The firing· 

conditions can vary depending on the process conditions such as specific composition, sl_ze of the- charge;··.·.'.': 

arid nature of .the equipment. However, some preferred firing conditions are as follows: 

heating the· green body to a first temperature of 1100 • C to 1150 • C, and thereafter from ~e . first .. 

temperature to a second temperature of 130o•c to 135o·c at a firing rate of 5°C to 1oo·c per hour; and:::· 

30 preferably 20 • C to about 100 • C per hour, and thereafter to a third temperature of at least 1390 • C, mosf ·· · 

typically 1390 • C to 1430 • C, and preferably 1400 to 1410 • C and holding at the third tem_perature for 6 

hours to 16 hours. 
The bodies of the present invention are at least 93% ·by weight cordierite. Other phases such as for . ' 

example, mullite, spinal, etc. ~ be present. However, these phases are present· onry to the extent .that . 

35 they do not raise the 9TE of the body above 4 x 10-7 • C-1, from 25 ~ C to 800 • C. {AH C)E values are. for 

25 ~ C to 800 • C). preferably, the bodies are at least 97% by weight cordierite. .., 

The cordieritEt bodies of the. present invention are characterized by a low CTE, that is, a CTE of less 

th•n 4 x · 10-7 • C-:-1 at 25 • C to 800 • c and most advantageously no greater than 2 x 10-7 • C-1 at 25 • C to 

800 • C. The bodies of the pres~nt invention are additionally characterized by a relatively high P<>rosjty, th11t 

40 is,· a total'"pOrosity of greater than 42% by volume. The upper limit of porosity· is determined by practical 

considerations. However, the total porosity is most typically· 42% to 60% by volume~ ' . 

The bodies of the pre8ent invention most advantageously have a median ·pore diameter· of 5 to 40 

micrometers especially for diesel particulate filter applications. 

Most advantageously, in 30% to 100% of the total porosity the pore diameter is greater than about 10 

45 micrometers for diesel particuate filter applications. 

50 

The body, when formed as a honeycomb structure for example, by extrusion, is further characterized 

by the I ratio. The I ratio is represented by the formula: 

I ratio = 

+ 

55 where lc1101 and lco021 are the peak heights of the reflections from the (110) and (002) planes respectively, 

based on hexagonal cordierite crystal structure. The axial and transverse I ratio refer to different orientations 

of t'>J1oneycomb sample in the x-ray beam. The x-ray beam imping~s a planar surface at an angle. 

Measurements of the transverse I ratio are made when the planar surface of the sample is the flat surface 

5 
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made up of as formed wall surfaces of the honeycomb. Measurements Of the axial I ratio are made off a·: ':·;.~=:::.:{:·;;~~"}': 

plane which is perpendicular to the length of the cell channels (and, therefore, also perpendicular to.that'for·:>o'::~-;:-:~::.~:=::: · 

a transverse I ratio) where the planar surface on which. the x-rays impinge consists of the cross-sectional 

ends of the honeycomb webs. For a completely randomly oriented cordierite, the I ratio will be 0.65. If the I 

ratio measured in the transverse direction with respect to the extrusion direction of the body exceeds 0.69 _ .... __ . 

or the axial I ratio with respect to the extrusion direction· is less than 0.61, then the cordierlte crystallites are ·.-- · · 

becoming substantially oriented }Mth respect to the plane of the w~bs. The bodies of the present inv~ntion --· .. ··---7';-:--;.:~ ... 

, . typically have a transverse I rati~·(,f greater than about 0.69, and ~ axial I ratio of less than about 0.6i · ··· ........ ~:·-~---~~---

c It is well established that the coefficient of thermal expansipi1 of cordierite cellular bodies in the axial. · · · · : ·:._:· 

10 · direction (parallel to the cell channels), aax, is affected by non~random crystallographic orientation of the 

· cordierite crystals in the microstructure, by the degree of microcracking present in the body after firing, and 

by the presence of high-expansion extraneous phases. 

Specifically, a high volume fraction of sordierite crystals having their crystallographic z-axe~ oriented so \1. 

as to lie near the plane of the cell walls (webs) reduces .. ax because the thermal expansion coefficient. of 

15 cordierite is lowest (actually negative beloW about 1100 • C) along the direction of the z~axes. The degree of 

net preferred orientation of cordieritEr in the· ceramic body is conventionally expressed by the value of ~e 

"transverse I-ratio," abbreviated "It." An i,ncrease. in It produces a decrease in aax due to a greater 

contribution of low-expansion z-axes to aax within the plane of the web. 

Microcracking has also beer:i shown to. significantly reduce aait in cordierite ceramics. Microcracking 

20 occurs during cooling as a result of stresses generated throughout the microstructure due to the high 

anisotropy in the thermal expansion (contractioi:i) coefficient of cordierite along its three crystallographic 

axes. It has been observed that the cordierite crystals exist in fan-like "domains" of radially aligned crystals. 

Cordierlte crystals within a given domain are subparallel to one another, so that the entire domain exhibits 

the same high degree of thermal expansion (contraction) anisotropy .. as the cordierite crystals of which it is. 

25 comprised. . 

Because the z-axes of cordierite crystals in one domain will typically be oriented in a different direction 

from the z-axes of the crystals in the adjacent.domains, high thermal stresses are generated throughout the 

web during cooling, producing microcraeks. Upon reheating, thermal expansion of the domains is partially 

accommodated by the re-closing of these cracks, so that the thermal expansion of the bulk ceramic is lower 

30 than would be the case in an unmicrocracked body. Furthermore, it has been shown that the degree.to .,·-::::::;.::;::·. 

·which microcracking lowers aax is proportional to the mean size of the domains that comprise the· ceramic···-····-~";;,..-· .-· -

microstructure. · : · ·. : .:'::::: ·:::'~C:·.;·,::c 

To more fuily illustrate the invention, the following non-limiting examples are presented. All parts, ..... ' ... :~-'~"-'=' 

portions, and percentages are by weight unless otherwise stated. · .:: ·.:c/L:_,; ".L:: 
35 

General Procedure 
·~. 

· The combinations of talc, _calcined talc, kaolin, aluminum oxide; aluminum hydroxide, quar1*. "fused · 

silica, graphite, and cellulose fiber shown in Tables 1 and 2 are blended together with 2 to 4 parts of m~thyl 

40 cellulose ·and O.~ to 0.75 parts of ·,sodium stearate. The particle profiles of the raw,. materials are shOWo ·in 

Tables 3 and 4, and their chemistries are shown in Table 5. ' 

Subsequently about 23 to 26 partS of deionized water are gradually added to each powder mixture In ·a 

muller. After kneading, the combined ingredients are transferred to a vacuum extruder and extruded through 

a die Into 2.54 cm diameter honeycomb· bodies having approximately 0.425 millimeter thick walls and 

45 approximately 15.5 square shaped cells (channels) per square centimeter. The bodies thus formed are .. ®t. 

into approximately 30 centimeter long samples and heated until dried. 

After drying, the extruded honeycombs are cut into shorter lengths and heated over a 60 hour period to· 

a temperature of 1400 • C and held for 7 hours. The fired honeycombs are then cut into smaller specimens 

for physical property measurement and characterization of secondary phases. The thermal expansion 

50 coefficient is measured along _the direction parallel to the length of the open channels of the honeycomb, 

herein referred to as the axial direction. Thermal expansion coefficients reported in Tables 1 and 2 are the 

average values over the range 25 to 800 • C. The transverse I ratio, Ii. is determined by x-ray diffractometry 

of the as-fired surfaces of the cell walls, as discussed previously. Volume percent porosity and median pore 

size are determined from mercury intrusion porosimetry. Quantitative measurement of the weight percent of 

55 mullite and spinal in the fired honeycombs is performed by powder x·ray diffractometry. The weight percent 

of cordierite is calculated by difference from 100 percent. 

6 
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··inventive Examples 

Compositions A through N in Table 1 demonstra~ cordierite ceramics according to the. present . 
.. . , ·-~ invention in which thermal expansion coefficient is no 'greater than ~ x 10-7 • C-1 and volume ,perpent. ~ .. '~-~.:~~-~ .. 

- ..... 

"'-'· s porosity is greater than 42%. The very low thermal expansion ®efficients of 0.9 x 10-7 ·c-1 and ·1.2 x: .......... . 

10: 

10-7 •c-1 for compositions C and D demonstrate the further benefit of the very low calcium content 0t'Tatc:·-~·::::·:~ .. :::~.:'.·. 0 

4 (Tabie 5). ·, · ~-· ·· ·:··c .. ::..'::;·:::·:'·~·,:· 

: · Composition E demonstrates: the further increase in percen~ porosity that is achieved by the -~uper,.::_L,, __ · .;,:::: . .:: .. 
addition of 10 weight percent graphite to composition A. ; ·: .:· .···· ·~::~~~;;~--~:~:~.~:~:·; 

Composition F shows that calcined talc can be present in the.·raw materials without adversely affecting:::.::: .... ~ .. ~~~ 
the thermal expansion coefficient or porosity; . · · · · .. . 

Compositions G through M demonstrat~ that a fine alumina powder can be utilized as a raw material, .... . :; .... .. 
and, in such batches, the addition of a burnout agent is necessary in yielding at least 42 volume percent · · 
porosity in the fired body. 

1s Compositions G through L further show that a very coarse crystalline silica (Silica 2, Table 4) can be. 
··· .... used as raw material without adversely affecting the thennal expansion coefficient. Also, compo$1tions·.·K .... -..... , .. _ ...... 

and L demonstrate that chopped cellulose ijber can be utilized as a burnout agent to maintain a porosity · . 1 

greater than 42 volume percent. · 
: Finally, composition N demonstrates that thermal expansion coefficients no greater than 4 x 10-7 • C-1 

· 20 are also attainable using coarser clay (Kaolin 2) as a raw material in place of finer clay (Kaolin 1 ). However, 
v it is evident that the thermal expansion coefficient of the body made with the coarser clay is not as low as 

those of the bodies made with the finer clay. Therefore, a clay with a surface area greater than 7 m2/g ·is 
preferred. 

. In all of the inventive examples in Table 1, the cordierite transv~rse I-ratio ranges from 0.87 to 0.91, 
25. · indicating a relatively high degree Of preferred cordierite orientation with crystal z-axes preferentially:. 

30 

·oriented within the plane of the cell walls of the. honeycomb ceramic. This high degree of orientatlo~ -is. . ~ . '"" ..... 
attributed to the highly platy nature of the raw materials used in these examples . 

. , Comparative Exampl~s 

Comparative examples of cordierite honeycomb ceramics having thermal expansion coefficients· greater · · ..... · ---... 
than 4 x 10-7 •c-1 are shown in Table 2. All of these samples are prepared according to the previqusly 

. dei;cribed general procedure. . . · · ·· · · 
Comparative compositions 0 through S demonstrate that the use of a talc raw material having a specific ..... o .. ::.,. '., .... 

35 surface area in excess of 5 m2/g (Talc 1, Table 3) results in an increase.in the thermal expansion coefficient' · 
to greater than 5 x 10-1 • C-1• Furthermore •.. the Jower platiness of Talc 1, indicated by its lower Morphology ~. 
Index (Table 3), produces a lower degree :·~f preferred orientation of the cordierite in the fired bodies, as 
indicated by the lower tranmrse-1rati<>Sof0.81 to 0.87 for compositions O through sin Table 2'; .. 

Comparative composition T ·in Table 2 shows that the use o.f a coarse talc and fine clay is insufficient to .. 
. 40 ensure a thermal expansion coefficierit less than ·aboUt 4 x 10""! •C-1 when the composition in terms of:the 

· .. weight percentages of anhydrous end member oxides lies outside the range. of the 'invention such that an 
inordinate amount of secondary phases are presenf after firing. 

Finally, comparative example U, made with the same raw materials as inventive composition I, but fired 
at only 1385 • C for about 7 hours, demonstrates the need to fire the bodies at a sufficiently high 

45 temperature to ensure that the amount of unreacted intermediate reaction products, such as spinal, does 
not exceed the limits required to maintain the thermal expansion coefficient less than 4 x 10-7 • c-1• 

Diesel Particulate Filter Testing 

50 Selected samples from Table 1 are plugged in alternating cells on one end and opposite alternating 
cells on the other end. The plugging compound utilized is a paste composed of pulverized, fired cordierite 
in an organic binder. Cells are plugged to a depth of 2.54 cm. The samples are then refired to 1390"C to 
cure the plugging "cement". 

Samples are then tested on a diesel soot (aerosol) generator at a flow rate of 0.6 m3/minute. Efficiency 
55 at a soot average particle size range of 0.3 to about 0.4 micrometers and pressure drop are determined, 

and are plotted against the volume percent porosity greater than about 1 O micrometers in Figures 1 and 2 
respectively. These data show that the inventive examples provide highly satisfactory filtration efficiencies of 
about 75% to about 95% at tolerable pressure drops of less than about 1000 mm of water, demonstrating 
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c D 

,.. 

)9.9 -10.7 

16.6 . u:o 

u.o· u.• 

15.8 u.o 

u. 7 12.5 

13.7 
n.1 
so.6 

O.t 
0.90 

u.-o 
12.) 
62 •. 9 

97.S 

~j:~ 

1.6 
0.9 

14.1 
35.6 
SO.l 

1.2 
0.90 

44.0 
12 .o 
60.9 

91.6 
l. .. 
o.o 

·r 

19.t 

.;. 

16.6 

lS.O 
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l.S 
o.o 

. . ~ . ....... 

Aki r 'n:~lr'I~ ii !; 

.. , ;·;A 
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TNILE 4 

PAJtTlCLE PROFILES POR SELECTED RAW..l'tATERlALs lcont1nuedl 

u.w 
MATERIAL 

PERC£NT tlHER THAN 
tO\ SO\ 10\ 

S1l1ca ltl 

Silica 21 

Silica l(I 

Sihca 4(1 

Burnout lf 

Burnout 2• 

so,,. 

110,,. 

10711• 

21,,. 

l:U,11• 

14,11111 

. "t f 2 
• N2 BET in uni • o a /9 

20,,. 

loo,,. 

416"" 

,,,. 

10b• 

19"• 

ti M1crotr•c - Le•d• • Morthrup 
1 S&ev• analy•a• 
S1l1cas 1.2, and 4 are alpha quartz. 
S1l1ca l is fused a1l1ca. 

.;.; 

c .; . 
~ ; ; ~ ~ . 

. , tmii.:: 
., 

,,,. 
so,,. 

.·· .,,. 
l.11• 

so,,. 
~: .,.. 

. . ~· . 

=;.:' 
""! 

-F~·.:. 

'· 
.. L: 
:·. i. 

; i ' 
: 1::;J 
(!\:t 

SUR PACE 
AREA• 

o.s 

O.J 

0.6 

s.o· 

l. l 

41.l 

•: 

·, 

II;! t' :1 
, .. '1f U: IU·~1 

~ ! i. ~ . ~ ... ' 

.:.· 

.. , ''" :. Jl: ~;:):)"ii) 
(" (~. 

~ !)l ~ 
... 
OI 

... 
0 QI 

-t:··;:"·.·' 

TABLE l ,,,, .. 

P.AJlTlCLE PROPILES roa SELECTED RAW KATERIALS 

RAW 
ttATE~lAJ. 

Talc: \ 

Talc 2 

Talc J 

Talc: 4 

Calc1n1d 
Talc Z 

Kaol:&n 1 

Kaol:i.n 2 

.Alu•ina 1 

Aluaina 2 

Aluaina l 

Alua1nu• 
Hydroaad• l 

\( 
:zo,, 

11.S 

\C 
10,11 

'6.0 

11.s .56.5 

71.0 so.o 

n.o n.o 

\( 
s,, 

51.0 

\( 

:z,, 

]0.0 

J2.0 11.S 

MPSf 

5.0 

1.0 

ll.5 14.S 10.0 

)9 .o u.o 7.0 

14.0 55.o 10.0 a.o 9.0 

100.0 100.0 100.0 16.0 l..O 

9S.O 7S.O 41.0 a.o 1.0 

91.0 90.0 S9.0 s.o 4.S 

100.0 100.0 91.0 96.0 o.s 

100.0 91.0 84.0 ll.O l.O 

.on 

100.0 100.0 15.0 .U.S l.O 

SURFACE MORPHOLOGY 
ARU • l.HD&X .. 

6.1 o.n 

. 2 ;-1 0.94 

2.2 0.9S 

1. 7 0.95 

1. l platy 

14.0 NA 

7.0 HA 

1.0 NA 

1-0,.oOi'-,. NA 

l.S NA 

l.7 NA 

f "PS - ltodian particl1 also (11•1 ho• S•digrapb analysis 

• N2 IET in unita of •_/9 
HA No~ lipphed 
I Calcined at l:ZOO•c. 
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·claims : . ..... - ;. ____ ,· 

1. A·method for producing a cordierite body, said method comprising: ' ~-~.· ···:_ ... 

a) selecting ·raw materials-to form a composition which forms cordierite on firing; said raw.materials~· :.>_:::::;·~}:;;:·. ·· 

being composed of: · '- • :· : -.~; ~:::~::'. t..::t 
.. talc ttaving a BET surface area of no greater than 5 m2/g, . ., · :. :: ,:· :.::. ::-.: . 

':~- o to 48%by weight of clay, said clay being selected from the dtoup consisting of platelefclay,: .. : ·--:.··:;:-::::;· · 

$eked clay which can be delamlnated lntoplatelets.auring processing, and mixtures thereof, . --··· . 

an aluminum oxide yielding component having ah average particle size selected from the group · ··· - -

consisting of 3 to a· micrometers in diameter. and no greater 'than 3 micrometers in diameter, and 

f~_silica, · · • .,. -. . 

b) intimately blending said raw materials with an _effective amount of vehicle and forming aids to· · 

impart plastic formability and green strength to said raw ·materials and form a plastic mixture 

therefrom, and with a burnout agent when said average particle size of said aluminum oxide yielding 

c:;omponent is no greater than about 3 micrometers in diameter; 

c) forming said raw materials into a green body; 
d) drying said green body; and 
e) heating said green body at a sufficient temperature for a sufficient time to form a cordierite body, 

wherein the cordierite body is at least 93% by weight cordierite, 

said body having a coefficient of thermal expansion of no greater than 4 x 10-1 • c-1, from 25 • C to·· 

800 • C, and a total porosity of greater than 42% by volume. 

.••. fl"'-!~·· 
.. · :· r.:.,. 

2. A method of claim 1 wherein the BET surface area of said talc is no greater than 3 m2/g, and/or_ said .. 

talc has a morphology index of no less than 0.80, and/or said talc has a Cao level of no greater than 

55 0.3% by weight. 

3. A method of claim 1 or 2 wherein the BET surface area of said clay is no less than 7 m2/g based on 

said clay in the uncalcined state. 
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1. A method for producing a cordierite body, said method comprising: . 
a) selecting raw materials to form a composition which forms cordierite on firing, said raw materials. :-. · · :.:::~. 

35 being composed of: · · · · ·-· ·· ·-·- -~ -~~-
talc having a BET surface area of no greater than 5 m2/g, · _ 
O to 48o/o by weight of clay, said clay being selected from the group consisting of platelet" clay,. 

stacked clay which can be delaminated into platelets during processing, and mixtures thereof, 
an aluminum oxide yielding component having an average particle size selected from the group 

"° ·. consisting of 3 to 8 micrometers in diameter, and no greater "than 3 micrometers in diameter, and 
~~~ . 

b) intimately blending said raw materials with an effective amount of vehicle and forming aids to 
impart plastic formability and green strength to said raw materials and form a plastic mixture 
therefrom, and with a burnout agent when said average particle size of said aluminum oxide yielding 
component is no greater than about 3 micrometers !n diameter; 
c) forming said raw materials into a green body; 
d) drying said green body; and 
e) heating said green body at a sufficient temperature for a sufficient time to form a cordierite body, 
wherein.the cordierite body is at least 93% by weight cordierite, 

50 said body having a coefficient of thermal expansion of no greater than 4 x 10-7 • C-1, from 25 • C to · 
800 • C, and a total porosity of greater than 42% by volume. 

2. A method of claim 1 wherein the BET surface area of said talc is no greater than 3 m2/g, and/or said 
talc has a morphology index of no less than 0.80, and/or said talc has a CaO level of no greater than 

55 0.3o/o by weight. 

3. A method of claim 1 or 2 wherein the BEi surface area of said clay is no less than 7 m2/g based on 
said clay in the uncalcined state. 

11 
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4. A method of claim 1 or 2 wherein said clay is selected _from the group consisting of ·1<aonn·:'.clay:;j. ·· ,,_ · ~;-. 
.. : ... ,. calcined clay, and combinations thereof, wherein when calcined clay is used as at least part of said'.:_:~:~ .• , ... ~-. ..,,,. .• --~.: 

!-C. 

clay; the percent mullite present in said calcined clay is no less than 2% by weight. ·. , 
... ~ 

:·'05 5. A method of claim 1, 2, 3 or 4 wherein said clay is present in said· raw materials at no gre!lter .than 2.Q%.: '.·_·:i::_:::~L· ~~:::::." 
. :···· by weight. ·· ·. ·· · <: ·>· -· :- : • 

..•. ·.,;,_. ........ 1-·:·.~··· 

-. ~~- ·{.:. ·• ' :-.:~~-:~ ... ··~: .. :-:'-..·~.i~~.:;·. 

6 •. ·A method of claim 1, 2, 3, 4 or··5 wherein said aluminum oxide yi~lding component is selected from:the::,:-~:) :O:;tf:· 
group consisting of aluminunf oxide, aluminum hydroxide, aluminum oxyhydrate and· combinatlons·~::~:;::~i~i·:'.::'.~:«,:-:·;; 

·.··' i 10 thereof. ~- · .~I : . · ; , . ,;,,. 

7. A method of claim 6 wherein aluminum hydroxide makes up no less than 1Yo by weight of said raw 
materials.. . /:: · · · 

15 8. A method-of any one of claims 1-7 wherein said composition consists· essentially of nominally in 
. percent by weight 12 to 16 magnesium oxide, 33 to 38 aluminum oxide, and 49 to 54 silica . 

. ··: 

9. A method· of any one of claims 1-8 wherein said burnout agent is elemental carbon, or Is graphite, 
and/or wherein said graphite has a. BET surface area of no greater than 5 m2/g; .· 

~ . 20 v 10. Method of any one of claims 1-9 wherein said firing is done by heating said green body to a first·· .. ·;·'···---~-=--~ 
temperature of 1100 • C to 1150 • c, and thereafter from said first temperature to a second temperature 
of 1300 • C to 1350 • C at a firing rate of 5 • C per hour to 100 • C per hour, and thereafter to a ttiird 

temperature of at least 1390•C anc;I holding at said third temperature for 6 hours to 16 hours. . .... •. --~:.:. :·.:::· .. :~=- _ 
25 

11. Method of claim 10 wherein said firing rate is 20°C per hour to oo•c per hour, and/or said ·tti!rd''·-::·;:·):•:"-;·=·=~.·-:::::-~·" 
temperature is 1400"C to 1410"C. · · - · · · · , . 

.. . 12; Method of any one of. the preceding claims, wherein said coefficient of thermal expansion is: no greater. . :·· ·:-:::.···.'.·,-c·::.:·· 

30 than "2: x 10-7 • c-1, from 25. c to about 800. c. . . 
..- ....... ~'" ~-.... ,. NnH•v;·· 

13. Method of any one of the preceding claims, wherein said total porosity of said cordieri~ body is 42.% 
... . .. ...... . 

to 60%. · · · ·· · ···~:..~ ......... _.:~···.-··..:_ .. 

35 _ 14. Method of any one of the preceding claims, wherein said body has a median pore diameter Qf. 5 to 40 . 
microme~rs.·· and/or wherein in 30% to 100% of the· total porosity of said l}ody;- the pore diameter· is· 
·greater than 1 O micrometers. < · 

45 

·., 

15. N!ethod of any one of the preceding claims, wherein said bodf-has a honeycomb structUr'e.-
...... . . .,,,~ .. 

16.. Method of any Qne of the preceding claims, wherein said body has a coi:ctierite content of at least 97% 
by weight. · 

PatentansprUche 

1. Verfahren zur Herstellung eines Cordierit-Korpers, umfassend: 
a) Auswiihlen von Rohmaterialien zur Herstellung einer Zusammensetzung, die beim Brennen 
Cordierit bildet, wobei sich die_ Rohmaterialien wie folgt zusammensetzen: 
Talkum mlt eiher BET ·Oberfllche von nlcht mehr als 5 m2/g, · 

50 O bis 48 Gew.-% Ton, wobei der Ton aus pllittchenformlgem Ton, geschlchtetem Ton, der wlhrend 
der Verarbeitung zu Plattchen delamlnierbar lst, und Mlschungen hiervon ausgewihlt wird, 
einem Aluminiumoxid ergebenden Bestandteil mit einer mittleren TeilchengroBe, ausgewlihlt aus der 
Gruppe von 3 bis 8 1.1.m im Durchmesser, und nicht mehr als 3 i.i.m im Durchmesser, und 
freiem Siliciumdioxid, 

55 b) inniges Vermischen der Rohmaterialien mit einer wirksamen Menge an Trager und Formgebungs­
hilfsmitteln, um den Rohmaterialien eine plastische . Formbarkeit und eine grOne Festigkeit zu 
verleihen und hieraus eine plastische Mischung zu bilden, um'.I mit einem Ausbrennmittel, wenn die 
mlttlere TeilchengroBe des Aluminiumoxid ergebenden Bestandteils nicht mehr als 3 IJ.m im 

12 
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~E~===:=m g~Mn Karper; .. .. . ~"'I"~~f~: 
e) Emitzen des· grUnen Korpers bei einer ausreichenden Temj:>eratur mr einen ausreich~~d~~;:;;~~o~E:~~:~· 
Zeitraum zur Ausbil_dung eines Cordierit-Korpers, wobei der Cordierit-Ko~ wenigstens.93.~(ieW: .. ~%~i~~I.i-~::~ti:f;:~:,-. 
Cordierit aufweist, . · · : .. · :~:::~::.:;.f.::E~::.c;;.;z;:::· . 

<I\.· der Korper einen Wiirmeausdehnungskoeffizienten von nicht m~hr als 4x10-11•c von 25.•C.bls:_,;\t':~·,-·;It~;; 
800 ~ C und eine Gesamtporo~itl:it von mehr als 42 Vol.-% aufweiSt. . , . . . . \< ,<~::;:.'.~E;~)~;{~~ 

. µ_: . . ··.:. ···1:;j-··.::···-.:.::.~'.~·'.::.~--~~~~~-· 
10 2. . Verfahren nach Anspruch 1, ¥1'.!Drin die BET-Oberfliiche des Talkums ·nicht.mehr als 3 m2/g und/otler: ···· : .. : :.:::::: 

das Talkum einen Morphologi~·lndex von nicht weniger als 0,80 und/oder.das Talkum einen 040-·~·"'::.,.~,-::+' 
.Gehalt vo.n nicht mehr als 0,3 Gew.-% aufweist. .... . ...... : ..... , '.'·"· 

. " n ·: ... 
3. Verfahren nach Anspruch 1 oder 2, worii'l die BET-Oberflache des Tons nicht weniger als ·rm2/g,' •.. ,;.~::.;;: .. ~:.. . .:... 

16 bezogen auf den Ton im uncalcinierten Zustand, betriigt. . ....... -~ ~ ... '.· 

20 

4. Verfahren nach Anspruch 1 oder 2, worin der Ton aus der Gruppe von Kaoiinton, calciniertem Too und: ... 
Kombinatioilen hiervon ausgewiihlt wird, worin der Prozentsatz an im calcinierten Ton vorliegenden._ ·.: ..•.. ·=-·'· 
Mullit nicht weniger als 2 Gew.-% betriigt, wenn calcinierter Ton als wenigstens ein Teil des ·Ton~.:_ .. -·····::·•.::·:: 
verwendet wird. . . · ·· ··.·· :~· 

. : .. : ........ ..:._ .... ::_,_ ...... . 

5. Verfahren nach Anspruch 1, 2, 3 oder 4, worin der in den Rohmaterialien vorhandene TC>n _in. einer 
Menge von nicht mehr als 20 Gew.-% vorliegt. 

. . . . . ......... _ ........ . 

. ..... -·.·· 
... ,.-·-·· ---·-&-<.• 

as 6. Verfahren nach Anspruch 1, 2, 3, 4 oder 5, worin der Aluminiumoxld ergebende Bestarid~ll ·Bl!~ .. 
Aluminiumoxid, Aluminiumhydroxid, Aluminiumoxyhydrat und Komblnationen hiervon au~gewlhlt~lr~.:;:'<'::~~::~/::U~;~~:::: 

·' ~. ~=··.... .::. ::· --' .. 
7. Verfahren nach Anspruch 6, worin Aluminiumhydroxid nicht. weniger als 1 Gew.-% der Rohmat~iia!i~11 . .;:,-: ''.:~:;:;· :' '.~'.',--:. 

ausmacht. · ·· ·' :·: ··: ~-::·: ~0.~,§ ' 
:, '.. - :. · .. !.:~·-~: :::::::::..:.=::..~.:.-· . 

.. ··:··.·- ~-~--···-·:':".'"':':"::-· . . 30 . : .. : ";.: .:. . .... ~ .... ' 
8. Verfahren nach· einem der AnsprOche 1-7, wobei die Zusammensetzung im wesentllchen au~ ilominell-

in GeW.-%, 12bis16 Magnesiumoxid, 33 bis 38 Aluminiumoxid und 49 bis 54 Silciumdioxid best~.ht.:··::~-~:'~~~:'..-.~•:.··· 
. . . . '.-'. .. ; ;. ·• ··=. :~~ :·-::-~·~=- ;:~_ .. :-.~:.=:~;· 

9. Verfahren nach einem der AnsprOche 1-8, worin das Ausbrennmittel elementarer KohlenstOtt .. ~ ,;_~,'i:~Li.':.i~, ·· 
35 Graphit ist unc;l/oder worin das µraphit eine BET-Oberfllche von nicht mehr als 5 rri2/g aufweist.< · . ·;·.·;:;;;:..>:.~:,:·~.;~~-

·.· 
~ :.,, . ····· -···-·-· -·····~-·-·. 

1~, Verfahreifnach einem der AnsprOche 1-9, worin das Brennen du~h Emitzeif,des grOnen K<Srpers .. aut ....... · : . 
. ··eine erste Tempenltur von 11oo·c bis 11so·c und anschlleBend von dieser ersten Temperatur auf.: :~·<:::.::: 
· eine zweite Temp8ratur voo 1300 • c bis 1350 • c mit einer Brenng~hwindigkeit von, 5 • CIStunde bis · ·. ' 

40 ·100 ~ C/Stunde und anschlieBend auf eine. dritte Temperatiir von ·wenigstens 1390 • C i.md BeibGhalten . · 
diese.r dritten TeJTlperatur fOr 6 bis 16 Stunden durehgefUhrt wird. · 

. . . .... 

11. Verfahren nach .Anspruch 10, woiin die Brenngeschwindigkeit 20 • C/Stunde bis 60 • C/Stunde und/oder 
die dritte Temperatur 1400•C bis 1410•C betriigt. · 

~ ... 
. . .. 

12. Verfahren nach einem der vorhergehenden AnsprOche, worin der Wiirmeausdehnungskoeffizient nicht · · ····· 
mehr als 2 x 10-11 • C von 25 • C bis etwa 800 • C betragt. 

13. Verfahren nach elnem der vorhergehenden Ansprtlche, wobel die Gesamtporositlit des Cordleritk<Srpers 
so 42% bis 60% betriigt. 

55 

14. Verfahren nach einem der vorhergehenden AnsprOche, wobei der Korper einen mittleren Porendurch­
messer von 5 bis 40 u.m aufweist und/oder worin in 30% bis 100% der Gesamtporosltlit des Korpers 
der Porendurchmesser mehr als 1 O u.m betriigt. 

15. Verfahren nach einem der vorhergehenden AnsprOche, worin der K6rper eine wabenformige Struktur 
' aufweist. 

13 
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. :::,'.:· .. ·.: 16. Vertahren nach einem der vorhergehenden AnsprOche, worin der K6rper einen Cordierit-Geh~-'lJf9Jt:·~-"~i;;;:;r~::~ .. 

___ ::. wenigstens 97 Gew.•% aufweist :_ ,,,_;,r;~~~A,~::·-~];~r~ 

.. · ... ····-~·: .. .::.::F~· 
· Revendlcatlons 

.·.'0 .. 5' 
..... ·::: . :; :.;.:: ... ·~ ............ . 

10 

1. Procede de production d'un-corps en cordierite, ledit procede comprenant 

· e). une selection de: matieres premieres pour former une composition donnant de la cordierite par .. · 

cuisson, 'lesdites matieres premieres etant composees de: ' ' ' ' 

talc presantant une .aire de surface B.E.T. qui n'est pas superieure a 5 m2/g, . 

. · o. a 48% en poids d'argile, dadite argile etant choisle dans le groupe comprenant l'arglle en :::· · ··· · · · · 

plaquettes;. l'argile en blocs qui, peut @tre delaminee en plaquettes pendant -le traitement, et des ·i 

melanges de celles-ci, . 

un composant donnant de l'oxyde d'aluminium ayant une dimension mayenne de partlcules 

choisie dans le groupe constitue de diametres de 3 a 8 micrometres, et de diametres qui ne sont 

....... ~ .............. ' 15 pas superieurs a 3 micrometres, et · ··· ··· ------···-·,.-· 

. ,,.;._ ... 

.,:, .... , .. \ ..... ;' 
2Q 

25 

de la silice libre, 
b) un melange intime desdites matieres premieres avec une .quantite efficace d'agents vecteurs et ... 

de conformation pour conterer une formabilite plastique et une resistance du Vert auxdites matieres 

premieres et former un melange plastique de celles-ci, et avec un agent d'echauffement lorsque 

ladite dimension moyenne de particules dudit composant donnant de l'oxyde d'aluminium n'a pas un 

diametre superieur a 3 micrometres environ; 

c) une transformation desdites matieres premieres en un corps vert; 

d) un sechage d.udit corps vert; et 
e) un chauffage dudit corps vert a une temperature suffisante pendant une duree suffisante pour 

former un corps en cordierite, dans iequel le corps en cordierite comprend au moins 93% en poids 

de cordierite, 
ledit corps ayant un coefficient de dilatation thermique qui n'est pas superieur a 4 x 10'.""7 ·c-1• de . . . 

25 ·ca ooo·c. et une porosite totale superieure a 42% en volume. . . ··.::-. ·. ·:·.:::.::: 

·30 .2. Procede selon la revendicatlon 1 i. dans lequel l'aire de surface B.E.T. dudit talc n'est pas superieure a 
3 m2/g et/ou !edit talc a un indice de morphologie qui n'est pas interieui' a 0,80 et/ou ledit talc a un 

niveau de Cao qui n'est pas superieur a 0,3% en poids. 
. . ~ ... ,.._._ .. ~ -. __ ... .:......; ... 

3. Precede salon l'une quelconque des revendications 1 ou 2, dans lequel l'aire de surface B.E.T, de 

·-·--···· ·· c.35 ·· ladite argile n'est pas interieure a 7 m2/g en se basant sur ladite argile a l'etat non calc.ine. 

··.; ... -.,, .. 

·:.-~ ·.\ ... .._,. . ./ ..... - .. . . 

'' 

~. 
. J . . 

. 4. Procede selon· l'une quelconque des revendications 1 ou 2, dans lequel ladite arglle est cholsie dans le 

grc;>upe c0nstitue 'par l'ai'gile de kaolin, l'argile calcinee et des combinalsons de celles-ci, dans lequel, 

· lorsque l'argile calcinee est utilisee en tant qu'au moins une partie de ladite argile, le pourcentage de 

40 · muHit8 presante dans ladite argile calcinee n'est pas imarieure a 2 % en poicis. . ' 

5. Precede salon l'une quelconque des revendicatlons 1, 2, 3 ou 4, dans lequel ladite argile est presente 

dans lesdites matieres premieres avec une teneur qui n'est pas superieure a 20 % en poids. 

45 6. Procede seloo l'une quelconque des revendications 1, 2, 3, 4 ou 5, dans lequel ledit composant 

donnant de l'oxyde d'aluminium est choisi dans le groupe constitue par l'oxyde d'aluminium, l'hydroxy­

de d'aluminium, l'oxyhydrate d'aluminium et des combinaisons de ceux-ci. 

7. 
50 

8. 

55 

9. 

Procede salon la revendication 6, dans lequel l'hydroxyde d'aluminium ne forme pas plus de 1 % en 

poids desdites matieres premieres. 

Procede salon l'une quelconque des revendications 1 a 7, dans lequel ladite composition est 

essentiellement constituee, de maniere nominale en pourcentage en poids, de 12 a 16 en oxyde de 

magnesium, 33 a 38 en oxyde d'aluminium et 49 a 54 en silica. 

Procede salon l'une quelconque des revendications 1 a 8, dans lequel ledit agent d'echauffement est 

c~u carbone elementaire ou du graphite et/ou dans lequel ledit grap~~ presante une aire de surface 

B.E.T. qui n'est pas superieure a 5 m2/g. 

14 
-·· : _.; ....... ~. . '. 
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10. Procede salon l'une quelconque des revendications 1 a 9. dans lequel ladite cuissorf est re~lj~~f •··.·.till'.~ , .• ::;· 
·· chauffage dudit corps vert a une premiere temperature de 1100 ·ca 1150 ·c et, ensuite,"~dE!Tli:idite:;.::!'~~~~,-· 

premiere temperature a une seconde temperature de 1300 • C a 1350 • C avec une vitesse· de.-'cuis_~pn::~:"::~~t. 
de 5 ·c par heure a 100 ··c par heure et, ensuite, a une troisieme temperature d'au moins 1~90:.-•c~·:,>+:?~S.·.-· 
et le malntien a tadite troisieme temperature pendant une duree de 6 ~ 16 heures. · · · ·=:·:···:. ···:·E}Z~\~~;:;~it 

. . : : ... -~·t:7:.'.:~::::~:::::.=:.~~~-~. 
11. Prooede seton ta reve_ndication 10, dans lequel ladite vitesse de cuisso~ est de 20 • C par heure a:aoJ;:'J:_,:,;:·'.'.T~~-: 
.. ·c·par heure et1ou 1ad1t0 troisteme temperature est de 1400 ·ca 1410 ~c. . · .... , .. :·-~-.----~~··=::-:T 

. . . . . . . .. : . .:· ·~::: : ... : .:~;:.!:::':"'. 

: ~~.~~·~ ·.~. ::· :·.-·.. . 
'':.!" ',);,: 10 12. Procede selon l'une quelconque des revendications precedentes, dans lequel ledit coefficient de: -~._:-.;;->::~·.'' 

dilatation thermique n'est pas superieur a 2 x 10-1 • c-1 de 25 • c a environ 800. c. . . . . . . . . . . . . . .. ·' ..... ....... .;; ....• , .. 

,.;.. :_;._;',,: .. ····· . 16 

. .. , ... 

13. Procede selon l'une quelconque des revendications precedentes, dans lequel ladite porosi\9 totale · > ·· ·· · <. · · 
dudit corps en cordierite est de 42 % a 60 %. ·· ·· · · .:.i,, ,:: · .. ·~.::.~: .. 

·-~;:bf\. . .. 14. Procede selon l'une quelconque des revendications precedentes, dans lequel ledit corps prese.ntc:p un, ,: · ·.:::-~· · 
' L :· . diametre moye.n de pores de 5 a 40 micrometres et/ou dans lequel dans 30 % a .100 % de la porosi~·-:·. ···-· -~~~·--

: .::-.~~:, :?.:-::~··~~-·- · totale dudit corps, le diametre de pore est superieur a 1 o micrometres. · · ··::.· · ::~:'':' ';:::. :;:::::·· 
·. ~{:tg~t·~:: ~ . . . . ............ . 
~······· 20 .15. :~~! ~~on~dr~~~:~:~~nque des revendications precedentes, dans lequel !edit.corps prese.!1;:~~!.'~~c;:'.~~EF 
:·:,~.JW~(· :: ....... . 
.. ~.:;:::i~~ · .. · 

.··-T$.·7;_~_j·~::.:··~ ;:~:::-:_· 
''···••:; .. ··25 
t;jf:~:r:_·· · · 

··:~~(~~<:~;':·-:· .=· 

:. -~ ::-;"·t:.:~::: ·: :: ·.:. 
-~.·~;"*~~'.~:;~:\ .. : . 

-.~i· ·.,.. ,:.;;··: .. : .. . 

···-···· ........... •, .......... 

·:.=. 
45 

. ·.:· .·., .~ ..... · . :. 

50 

:' .. :.··.· 

56 
:;_·.:~1 ~.· ~ . . 
.:·;:: .... :.::; .· 

.. ;~ •• ;,: '"!' ... : .• 

16. Procede selon l'une quelconque des revendications precedentes, dans lequet !edit corps presente.un~: ';.·:~:'·: ·.:·1.t:· 
teneur en cordierite d'au moins 97 % en poids. · · ·., ~~ ~-~::~; ;:·::;·,;7_:;~·· 

. . :: ~:.~ ·~i-=~-::.~·:.~~:;.:..:. 
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