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Compositions and Methods for Plugging Honeycomb Bodies with
Reduced Plug Depth Variability

[0001] This application claims the benefit of priority under 35 U.S.C. § 120 of U.S.
Application Serial No. 13/599,584, filed on August 30, 2012, the content of which is

relied upon and incorporated herein by reference in its entirety.

BACKGROUND

[0002] The disclosure relates generally to porous honeycomb ceramics and more
particularly to improved compositions that can be applied to porous honeycomb
ceramics.

[0003] Ceramic wall flow filters are finding widening use for the removal of
particulate pollutants from diesel or other combustion engine exhaust streams. A
number of different approaches for manufacturing such filters from channeled
honeycomb structures formed of porous ceramics are known. The most widespread
approach is to position cured plugs of sealing material at the ends of alternate
channels of such structures, which can block direct fluid flow through the channels
and force the fluid stream through the porous channel walls of the honeycombs before
exiting the filter.

[0004] Important aspects of plugging honeycomb structures include plug depth and
plug quality. Plug quality is often correlated to the presence of voids in the plugs. In
general, the presence of voids can be reduced by reducing the amount of water in the
plugging composition and/or increasing the particle size of certain batch components
in the plugging composition. However, such modifications can lead to plugs with
insufficient depth and, hence, insufficient mechanical (or “push out™) strength.
[0005] On the other hand, shorter plugs provide less back pressure, higher filter
volume for the same external geometry, thus reducing the frequency of regenerations
and improving fuel economy. Moreover, shorter plugs provide better material

utilization, thereby reducing filter manufacturing costs. Accordingly, it is desirable to
1
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provide plugs that are as short as possible while still having the requisite depth to
provide sufficient mechanical (or “push out) strength.

[0006] A challenge for simultancously addressing all of these considerations involves
plug depth variability. Plug depth variability is typically driven by differences in the
flow rate of a plugging composition in different filter channels. Plugs in channels
where there is relatively more resistance to flow tend to be shorter whereas plugs in
channels where there is relatively less resistance to flow tend to be longer. Such
variability can result in at least some relatively shorter plugs failing to provide
requisite mechanical strength. Accordingly, given the ever increasing need to provide
for shorter plugs, there simultaneously exists a need to provide for reduced plug depth
variability in order to minimize the incidence of plugs that fail to provide requisite

mechanical strength.

SUMMARY

[0007] One embodiment of the disclosure relates to a composition for applying to a
honeycomb body having a plurality of parallel channels. The composition includes

a refractory filler having a particle size distribution. The composition also includes an
organic binder, an inorganic binder, anda liquid vehicle. The refractory filler, the
particle size distribution of the refractory filler, the organic binder, and the inorganic
binder are selected such that, when the composition is applied to plug a plurality of
channels of the honeycomb body, a plurality of plugs formed therefrom have an
average plug depth and a depth range, such that for channels of a given cross-
sectional size, the depth range is less than 30% of the average plug depth.

[0008] Another embodiment of the disclosure relates to a porous ceramic honeycomb
body comprising a plurality of parallel channels bounded by porous ceramic channel
walls. Selected channels incorporate plugs permanently sealed to the channel walls.
The plugs include a refractory filler having a particle size distribution and an
inorganic binder. The refractory filler, the particle size distribution of the refractory
filler, and the inorganic binder are selected such that the plugs have an average plug
depth and a depth range, such that for channels of a given cross-sectional size, the

depth range is less than 30% of the average plug depth.
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[0009] Yet another embodiment of the disclosure relates to a method for applying a
plugging composition to a honeycomb body having a plurality of parallel channels.
The method includes applying a composition to the honeycomb body. The
composition includes a refractory filler having a particle size distribution. The
composition also includes an organic binder, an inorganic binder, and a liquid vehicle.
The refractory filler, the particle size distribution of the refractory filler, the organic
binder, and the inorganic binder are selected such that, when the composition is
applied to plug a plurality of channels of the honeycomb body, a plurality of plugs
formed therefrom have an average plug depth and a depth range, such that for
channels of a given cross-sectional size, the depth range is less than 30% of the
average plug depth.

[0010] Additional features and advantages will be set forth in the detailed description
which follows, and in part will be readily apparent to those skilled in the art from the
description or recognized by practicing the embodiments as described in the written
description and claims hereof, as well as the appended drawings.

[0011] It is to be understood that both the foregoing general description and the
following detailed description are merely exemplary, and are intended to provide an
overview or framework to understand the nature and character of the claims.

[0012] The accompanying drawings are included to provide a further understanding,
and are incorporated in and constitute a part of this specification. The drawings
illustrate one or more embodiment(s), and together with the description serve to

explain principles and operation of the various embodiments.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] FIG. 1 plots average plug depth and plug depth range for plugs applied to a
honeycomb structure according to a comparative plugging composition; and
[0014] FIG. 2 plots average plug depth and plug depth range for plugs applied to a

honeycomb structure according to an exemplary plugging composition.
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DETAILED DESCRIPTION

[0015] Various embodiments of the disclosure will be described in detail with
reference to the drawings, if any.

[0016] As used herein, the term “average plug depth” refers to the total depth (or
length) of all of the plugs in a given area (such as on one or more end faces of a
honeycomb body) divided by the number of plugs in that area.

[0017] As used herein, the term “depth range” refers to the difference in depth
between the deepest (or longest) plug in a given area (such as on one or more end
faces of a honeycomb body) and the shallowest (or shortest) plug in that area.

[0018] As used herein, the term “channels of a given cross sectional size” refers to
channels of a honeycomb body that have the same approximate cross sectional
dimensions. For example, for a honeycomb body having ACT cell geometry as
described in U.S. patent no. 6,696,132, channels of a given cross sectional size could
refer to the collective inlet cell channels (shown as 14 in FIG. 3 of that patent) having
a relatively larger hydraulic diameter or to the collective outlet cell channels (shown
as 16 in FIG. 3 of that patent) having a relative smaller hydraulic diameter.

[0019] As used herein, the term “push out strength” refers to the pressure (in bars,
unless otherwise indicated) required to push a given plug out of a given channel. Plug
push out strength can be determined by either pushing a plug from the top (i.e., side
closest to part end face) or bottom (i.c., side farthest from part end face). In cither
case, a load cell is utilized to push a pin into the plug, wherein the pin cross-sectional
area is optimally about 70% of the cross section of the plugged cell. When pushed
from the top, the force required to push the tooling 0.2 inches into the plug is
recorded. When pushed from the bottom, the force required to break through the plug
and remove it from the face is recorded. When pushing from the top, the tooling
includes three pins, one to push the plug and two for alignment. When pushing from
the bottom, the cell walls provide guidance and only the pushing pin is needed.
[0020] As used herein, the term Dy refers to a particle size wherein 90% of the
particles in a distribution have a larger particle size and 10% of the particles in a

distribution have a smaller particle size.
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[0021] As used herein, the term Dy refers to a particle size wherein 90% of the
particles in a distribution have a smaller particle size and 10% of the particles in a
distribution have a larger particle size.

[0022] As used herein, the term Ds refers to a particle size where 50% of the
particles in a distribution have a smaller particle size and 50% of the particles in a
distribution have a larger particle size.

[0023] As used herein, the term “D factor” (Dy) = (Dsg-D10)/Dso.

[0024] As used herein, the term “D breadth” (Digeadin) = (Dgo-D10)/Dsp.

[0025] Embodiments disclosed herein include compositions for applying to a
honeycomb body having a plurality of parallel channels, such as compositions for
plugging one or more channels of a honeycomb body having a plurality of parallel
channels. The compositions include a refractory filler having a particle size
distribution, an organic binder, an inorganic binder, and a liquid vehicle. The
refractory filler, the particle size distribution of the refractory filler, the organic
binder, and the inorganic binder are selected such that, when the composition is
applied to plug a plurality of channels of the honeycomb body, a plurality of plugs
formed therefrom have an average plug depth and a depth range, such that for
channels of a given cross-sectional size, the depth range is less than 30% of the
average plug depth, such as less than 25% of the average plug depth, and further such
as less than 20% of the average plug depth, including between 10% and 30% of the
average plug depth and further including between 15% and 25% of the average plug
depth.

[0026] In certain exemplary embodiments, the average plug depth is less than 7
millimeters, such as less than 6 millimeters, and further such as less than 5
millimeters, including from 4 to 7 millimeters, and further including from 4 to 6
millimeters, and yet further including from 4 to 5 millimeters. In such embodiments,
the depth range of the plugs is less than 2.1 millimeters, such as less than 1.8
millimeters, and further such as less than 1.5 millimeters, and still yet further such as
less than 1.2 millimeters, and even still yet further such as less than 1.0 millimeters,
including between 0.5 and 2.1 millimeters, and further including between 0.5 and 1.5

millimeters, and yet further including between 0.5 millimeters and 1.0 millimeters.
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[0027] Embodiments disclosed herein can enable plugs meeting the above-disclosed
average plug depth and depth range parameters wherein all of the plurality of plugs in
the channels have a push out strength of at least 10 bar, such as at least 15 bar, and
further such as at least 20 bar, and still yet further such as at least 25 bar. Such plugs
can have an average push out strength of at least 50 bar, such as at least 60 bar, and
further such as at least 70 bar, and still yet further such as at least 80 bar.

[0028] The refractory filler can include at least one inorganic powder. The inorganic
powder may, for example, include a ceramic, i.c., pre-reacted or ceramed, refractory
powder. In other embodiments, the powders can be refractory glass powders, or
glass-ceramic powders. Still further, in other embodiments the inorganic powder
batch mixture can comprise any combination of two or more of the aforementioned
refractory powders. Exemplary refractory powders may include cordierite, mullite,
aluminum titanate, silicon carbide, silicon nitride, calcium aluminate, beta-eucryptite,
and beta-spodumene.

[0029] The particle size distribution of the refractory filler can fall within a
predetermined specified range. In that regard, applicants have surprisingly found that
maintaining the particle size distribution of the refractory filler within a specified
range, in combination with specified combinations of organic and inorganic binders,
can result in plugging compositions that enable reduced plug depth variability. In
particular, applicants have found that by keeping the particle size distribution of the
refractory filler within a specified range, in combination with specified combinations
of organic and inorganic binders, channels of a honeycomb body can be plugged with
the resulting composition, wherein the flow of the composition into the channels
becomes restricted due to syneresis. As the composition penetrates further into the
channels, the velocity of the flow slows down and eventually stops. This allows
plugging composition in slower flowing channels to catch up to plugging composition
in channels that initially flows faster. This phenomenon, thus, reduces the depth
variability of the plugs.

[0030] Accordingly, in certain exemplary embodiments, the refractory filler includes
at least one inorganic powder having a median particle size (Dso) of at least 15

microns, such as a median particle size (Dso) of from 15 to 50 microns, and further
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such as a median particle size (Dsg) of from 30 to 40 microns, and even further such
as a median particle size (Dso) of from 30 to 35 microns.

[0031] In certain exemplary embodiments, the organic powder has a Dy, of at lcast 4
microns, such as at least 6 microns, and further such as at least 8 microns, and yet
further such as at least 10 microns, including from 4 to 16 microns, and further
including from 8 to 14 microns, and still further including from 10 to 12 microns.
[0032] In certain exemplary embodiments, the organic powder has a Dy of at least 55
microns, such as at least 65 microns, and further such as at least 75 microns, and yet
further such as at least 85 microns, including from 55 to 120 microns, and further
including from 75 to 110 microns, and still further including from 85 to 100 microns.
[0033] In certain exemplary embodiments, the organic powder has a median particle
size (Dsg) of from 15 to 50 microns, and further such as a median particle size (Ds) of
from 20 to 45 microns, and even further such as a median particle size (Dsg) of from
25 to 40 microns, and yet even further such as a median particle size (Dsg) of from 30
to 35 microns, has a Djo of from 4 to 16 microns, and further including from & to 14
microns, and still further including from 10 to 12 microns, and a Dgg of from 55 to
120 microns, and further including from 75 to 110 microns, and still further including
from 85 to 100 microns.

[0034] For example, in one set of exemplary embodiments, the refractory filler
comprises aluminum titanate powder having a median particle size (Dso) of at least 15
microns, such as a median particle size of (Dsg) of from 15 to 50 microns, and further
such as a median particle size (Dsg) of from 20 to 45 microns, and even further such
as a median particle size (Dso) of from 25 to 40 microns, and yet even further such as
a median particle size (Dsp) of from 30 to 35 microns. In one set of exemplary
embodiments, the refractory filler comprises cordierite powder having a median
particle size (Dso) of at least 10 microns, such as a median particle size of (Dsg) of
from 15 to 50 microns, and further such as a median particle size (Dso) of from 15 to
40 microns, and even further such as a median particle size (Dso) of from 20 to 30
microns. In one set of exemplary embodiments, the refractory filler comprises mullite
powder having a median particle size (Dsg) of at least 15 microns, such as a median

particle size of (Dso) of from 15 to 50 microns, and further such as a median particle
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size (Dsg) of from 25 to 40 microns, and even further such as a median particle size
(Dso) of from 30 to 35 microns.

[0035] The compositions further comprise a binder component comprised of an
inorganic binder. In some embodiments, the inorganic binder is a gelled inorganic
binder such as gelled colloidal silica. Other embodiments of an inorganic binder could
include a non-gelled colloidal silica, a powdered silica, or a low-temperature glass.
According to embodiments, the incorporation of a gelled inorganic binder may
minimize or even prevent the migration of the inorganic binder particles into
microcracks of a honeycomb body on which the composition is applied. Accordingly,
as used herein, the term "gelled inorganic binder" refers to a colloidal dispersion of
solid inorganic particles in which the solid inorganic particles form an interconnected
network or matrix in combination with a continuous fluid phase, resulting in a viscous
semi-rigid material. Further, it should be understood that there can be relative levels
or degrees of gelation. To that end, since a colloidal dispersion can comprise solid
particles smaller having particle sizes diameters less than 100 nm, such as less than 50
nm, and further such as less than 25 nm, and still further such as less than 15 nm, a
gelled inorganic binder as used herein comprises an interconnected network of the
dispersed inorganic particles that is sufficient to prevent at least a portion of the
inorganic binder particles from migrating into microcracks of a honeycomb structure
upon which the composition containing the gelled inorganic binder has been applied.
[0036] The gelled inorganic binder may be pre-gelled prior to introducing the
inorganic binder into the powder composition. Alternatively, in other embodiments,
the inorganic binder can be gelled after it has been combined with one or more other
components of the disclosed compositions. For example, in embodiments of the
disclosure, the inorganic binder component of the composition can initially comprise
a non-gelled colloidal silica which is subsequently gelled after being incorporated into
the powdered batch composition. To that end, dispersed-phase inorganic particles
within a colloid can be largely affected by the surface chemistry present in the colloid
and, as such, in embodiments the gelation of a colloid can be effected by altering the
surface chemistry within the colloid.

[0037] Accordingly, the non-gelled colloidal silica can subsequently be gelled by the

addition of one or more gelling agents to the composition. In embodiments, colloidal
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silica may be gelled by increasing the ion concentration of the composition. In other
embodiments, colloidal silica can be gelled by altering the pH of the composition.
Still further embodiments can comprise both increasing the ion concentration and
altering the pH of the composition. It should be understood that the gelling agent can
be used in any amount effective to provide a gelled inorganic binder as described
herein.

[0038] Exemplary gelling agents that function to increase the ion concentration of the
disclosed composition, i.e., ion increasing gelling agents, include one or more water
soluble salts. To that end, exemplary water soluble salts that are suitable gelling
agents include magnesium salts such as magnesium chloride, or magnesium acetate,
calcium salts such as calcium chloride, or even sodium salts such as sodium chloride.
Still further, in embodiments of the invention the use of salts comprising 2" cations,
such as Mg and Ca, can be particularly effective to gel an inorganic binder component
at relatively low salt concentrations.

[0039] As noted above, an inorganic binder such as colloidal silica can also be gelled
by altering the pH of the composition. To that end, the pH of the disclosed
compositions can be increased or decreased by the use of a pH adjusting gelling agent
comprising an acid, a base, or with a combination of an acid and a base. Exemplary
pH adjusting gelling agent are acid gelling agents which include, without limitations
hydrochloric acid, sulfuric acid, and nitric acid. In still another exemplary
embodiment, the acid gelling agent may include organic acids such as citric acid, and
acetic acid. Exemplary pH adjusting gelling agent comprising base gelling agents
include, without limitation, ammonium hydroxide, sodium hydroxide, and triethanol
amine (hereinafter "TEA").

[0040] According to embodiments, increasing the ion concentration of the
composition by the addition of a salt or salt solution can result in non-uniform
gelation due to the non-uniform salt concentrations throughout the composition and
particularly at or near the region where the ion increasing gelling agent was
introduced. According to these embodiments, a more uniform and controlled gelation
may be achieved by a combination of one or more ion increasing gelling agents and
one or more pH adjusting gelling agents. For example, the ion concentration of the

composition can initially be increased within in a first pH range having a relatively
9
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longer gel times. The pH of the composition can then be adjusted to a second pH
range exhibiting relatively shorter gel times. Therefore, since some colloidal silica
solutions exhibit a minimum gel time as a function of pH, local deviations in pH will
not result in any substantially non-uniform gelations.

[0041] In embodiments of the disclosure, one exemplary combination of an ion
increasing gelling agent and a pH adjusting gelling agent comprises the use of TEA as
both a base and a salt in a colloidal silica solution having a relatively high stability at
relatively high pH. Exemplary colloidal silicas can include the Ludox® HS, AS, SK,
PW50, and PZ50 available from W.R. Grace & Company, and can be gelled by
increasing the ion concentration by addition of salts and/or by changing the pH.
According to this embodiment, TEA can first be added to the colloidal silica,
rendering a relatively stable colloidal silica solution. The pH of the solution may then
be lowered by the addition of an acid, such as citric acid, followed by thorough
mixing and gel formation.

[0042] Exemplary compositions disclosed herein may further comprise an organic
binder. The addition of the organic binder component can further contribute to the
cohesion and plasticity of the composition prior to firing. This improved cohesion
and plasticity can, for example, improve the ability to shape the composition. This can
be advantageous when utilizing the composition to form skin coatings or when
plugging selected portions (such as the ends) of a honeycomb structural body.
Exemplary organic binders include cellulose materials. Exemplary cellulose materials
include cellulose ether binders such as methylcellulose, hydroxypropyl
methylcellulose, methylcellulose derivatives, and/or any combinations thereof.
Particularly preferred examples include methylcellulose and hydroxypropyl
methylcellulose. Preferably, the organic binder can be present in the composition as a
super addition in an amount in the range of from 0.1 weight percent to 5.0 weight
percent of the inorganic powder batch composition, or even in an amount in the range
of from 0.5 weight percent to 2.0 weight percent of the inorganic powder batch
composition.

[0043] An exemplary liquid vehicle for providing a flowable or paste-like consistency
to the disclosed compositions is water, although other liquid vehicles can be used. To

this end, the amount of the liquid vehicle component can vary in order to provide
10
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optimum handling properties and compatibility with the other components in the
batch mixture. According to some embodiments, the liquid vehicle content is present
as a super addition in an amount in the range of from 15% to 60% by weight of the
inorganic powder batch composition, or even according to some embodiments can be
in the range of from 20% to 50% by weight of the inorganic powder batch mixture.
Minimization of liquid components in the compositions can also lead to further
reductions in the drying shrinkage of the compositions during the drying process.
[0044] Exemplary compositions disclosed herein can optionally comprise one or
more processing aids such as a plasticizer, lubricant, surfactant, sintering aid,
rheology modifier, thixotropic agent, dispersing agents, or pore former. An
exemplary plasticizer for use in preparing the plugging composition is glycerine. An
exemplary lubricant can be a hydrocarbon oil or tall oil. Exemplary commercially
available lubricants include Liga GS, available from Peter Greven Fett-Chemie and
Durasyn® 162 hydrocarbon oil available from Innovene. A commercially available
thixotropic agent is Benaqua 1000 available from Rheox, Inc. A pore former, may
also be optionally used to produce a desired porosity of the resulting ceramed
composition. Exemplary and non-limiting pore formers can include graphite, starch,
polyethylene beads, and/or flour. Exemplary dispersing agents that can be used
include the NuoSperse® 2000 from Elementis and ZetaSperse™ 1200, available from
Air Products and Chemicals, Inc.

[0045] In still other embodiments of the disclosed compositions, the gelation of
colloidal silica can result in compositions having rheological properties which may
benefit from further modification. For example, the compositions may be too thick for
an intended use or may have low solids loadings resulting in the formation of pinholes
or shrinkage during drying. While such rheology can be desirable and advantageous
in some applications, the addition of a rheology modifier as noted above can be used
to further control the rheology of the composition. To that end, in some embodiments,
an exemplary rheology modifier is polyvinyl alcohol (PVOH). Both cold-water and
hot-water soluble polyvinyl alcohol may be used. Compositions comprising
polyvinyl alcohol can exhibit relatively lower viscosity at relatively higher solids
loading, while still preventing the colloidal particles from migrating into micro-cracks

of the honeycomb body on which the composition is applied. When used, the
11
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polyvinyl alcohol can first be mixed with the colloidal silica and, optionally the
ceramed refractory powder prior to the addition of the gelling agent. Compositions
comprising the polyvinyl alcohol rheology modifier enable gel formation but without
the formation of a full three-dimensional gelled connectivity throughout the
composition, resulting in a gelled state that flows relatively easily.

[0046] To prepare exemplary compositions as disclosed herein, the inorganic
powder batch mixture as described above can be mixed together with the organic
binder, followed by the incorporation of the liquid vehicle and inorganic binder
components. As mentioned above, the inorganic binder can be gelled either before or
after having been introduced into the composition. If the inorganic binder is to be
gelled prior to addition to the composition, the one or more gelling agents can be
added to the inorganic binder, such as for example, a colloidal silica. Alternatively, if
the inorganic binder is to be gelled after addition to the powder composition, the one
or more gelling agents can be introduced directly into the composition. Any optional
processing aids can also be introduced into the composition during or after the liquid
addition. However, as noted above, if desired the rheology modifier, such as
polyvinyl alcohol can first be mixed with the inorganic binder and, optionally the
refractory powder. Once the desired components are combined, the composition can
be thoroughly mixed to provide a flowable paste-like consistency to the composition.
In an exemplary embodiment, the mixing as described above can be done using a
Littleford mixer or a Turbula mixer.

[0047] Once formed, the compositions disclosed herein can be applied to a
honeycomb body or structure defining a plurality of cell channels bounded by cell
channel walls. In exemplary embodiments, the wall thickness of each cell wall for the
substrate can be, for example, between about 0.002 to about 0.010 inches (about 51 to
about 254 um). The cell density can be, for example, from about 100 to about 900
cells per square inch (cpsi). In certain exemplary implementations, the cellular
honeycomb structure can consist of multiplicity of parallel cell channels of generally
square cross section formed into a honeycomb structure. Alternatively, other cross-
sectional configurations may be used in the honeycomb structure as well, including

rectangular, round, oblong, triangular, octagonal, hexagonal, or combinations thereof.
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As used herein, "honeycomb" refers to the connected structure of longitudinally-
extending cells formed of cell walls, having a generally repeating pattern therein.
[0048] The honeycomb body can be formed from any conventional material suitable
for forming a honeycomb body. For example, in one embodiment, the honeycomb
body can be formed from a plasticized ceramic forming composition. Exemplary
ceramic forming compositions can include those conventionally known for forming
cordierite, aluminum titanate, silicon carbide, aluminum oxide, zirconium oxide,
zirconia, magnesium, stabilized zirconia, zirconia stabilized alumina, yttrium
stabilized zirconia, calcium stabilized zirconia, alumina, magnesium stabilized
alumina, calcium stabilized alumina, titania, silica, magnesia, niobia, ceria, vanadia,
nitride, carbide, or any combination thereof.

[0049] The honeycomb body can be formed according to any conventional process
suitable for forming honeycomb monolith bodies. For example, in one embodiment a
plasticized ceramic forming batch composition can be shaped into a green body by
any known conventional ceramic forming process, such as, e.g., extrusion, injection
molding, slip casting, centrifugal casting, pressure casting, dry pressing, and the like.
Typically, a ceramic precursor batch composition comprises inorganic ceramic
forming batch component(s) capable of forming, for example, one or more of the
ceramic compositions set forth above, a liquid vehicle, a binder, and one or more
optional processing aids including, for example, surfactants, sintering aids,
plasticizers, lubricants, and/or a pore former. In an exemplary embodiment, extrusion
can be done using a hydraulic ram extrusion press, or a two stage de-airing single
auger extruder, or a twin screw mixer with a die assembly attached to the discharge
end. In the latter, the proper screw elements are chosen according to material and
other process conditions in order to build up sufficient pressure to force the batch
material through the die. Once formed, the green body can be fired under conditions
effective to convert the ceramic forming batch composition into a ceramic
composition. Optimum firing conditions for firing the honeycomb green body will
depend, at least in part, upon the particular ceramic forming batch composition used
to form the honeycomb green body.

[0050] In exemplary embodiments, the compositions disclosed herein can be used as

plugging material to plug selected channels of a honeycomb body in order to form a
13
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wall flow filter. For example, in a honeycomb body having a plurality of cell
channels bounded by porous cell channel walls, at least a portion of the plurality of
cell channels can comprise plugs, wherein the plugs are formed from a composition as
disclosed herein. In some embodiments, a first portion of the plurality of cell channels
can comprise a plug sealed to the respective channel walls at or near the downstream
outlet end to form inlet cell channels. A second portion of the plurality of cell
channels can also comprise a plug secaled to the respective channel walls at or near the
upstream inlet end to form outlet cell channels. Other configurations having only one
end plugged, as well as partially plugged configurations (having some unplugged
channels) are also contemplated.

[0051] In other embodiments, the disclosed compositions are suitable for use in
forming an after-applied surface coating or skin on a peripheral region of a
honeycomb body or structure. In still other embodiments, disclosed compositions can
be applied as a segment cement in order to join two or more honeycomb bodies or
segments of honeycomb bodies together.

[0052] Once the composition has been applied to a honeycomb structure in a manner
as described herein, the composition can be optionally dried and/or fired. The
optional drying step can comprise first heating the composition at a temperature and
for a period of time sufficient to at least substantially remove any liquid vehicle that
may be present in the composition. As used herein, at least substantially removing any
liquid vehicle includes the removal of at least 95%, at least 98%, at least 99%, or even
at least 99.9% of the liquid vehicle present in the composition prior to firing,
Exemplary and non-limiting drying conditions suitable for removing the liquid
vehicle include heating the composition at a temperature of at least 50° C., at least 60°
C., atleast 70° C., at least 80° C., at Ieast 90° C., at least 100° C., atleast 110° C., at
least 120° C., at least 130° C., at least 140° C., or even at least 150° C. In one
embodiment, the conditions effective to at least substantially remove the liquid
vehicle comprise heating the composition at a temperature in the range of from 60° C.
to 120° C. Further, the heating can be provided by any conventionally known method,
including for example, hot air drying, RF and/or microwave drying

[0053] The optional firing step can include conditions suitable for converting the

composition to a primary crystalline phase ceramic composition include heating the
14
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honeycomb with applied composition to a peak temperature of greater than 800° C.,
900° C., and even greater than 1000° C. A ramp rate of about 120° C./hr during
heating may be used, followed by a hold at the peak temperature for a temperature of
about 3 hours, followed by cooling at about 240° C./hr.

[0054] Compositions disclosed herein can include those that set at a temperature of
less than 200° C, such as a temperature of less than 100° C, and further such as a
temperature of less than 50° C, including compositions that can be used in plugging
processes employing “cold set” plugs. In cold set plugging, only drying of the
plugging mixture is required to form a seal between the plugs and the channel walls of
the honeycombs. When a cold set plugging process is employed, heating of the
plugged honeycombs to temperatures in the 35-110° C range can be useful to
accelerate drying. In some cold set plugging processes, it is anticipated that final plug
consolidation, including the removal of residual temporary binder bi-products and
strengthening of the seals, can occur in the course of subsequent processing steps
(e.g., in the course of catalyzation or canning) or during first use (e.g., in an exhaust
system).

[0055] For example, exemplary compositions in which cold set plugging may be
employed include those comprising a refractory filler that comprises at least one
inorganic powder, such as at least one of aluminum titanate and cordierite, the
inorganic powder having a median particle size (Dso) of from 15 to 50 microns, such
as from 30 to 40 microns, and a gelled inorganic binder, such as gelled colloidal
silica. At least one gelling agent, such as at least one of hydrochloric acid, sulfuric
acid, nitric acid, citric acid, and acetic acid, ammonium hydroxide, sodium hydroxide,
and triethanol amine (hereinafter "TEA") may be added either before (e.g., as a pre-
mix with the gelled inorganic binder) or during batching in order to gel the inorganic
binder. Such compositions can provide plugs that set in a porous ceramic honeycomb
body (and be thereby permanently sealed to the channel walls) at a temperature of less
than 200° C, such as less than 100° C, and further such as less than 50° C, including
about 25° C. Such plugs can each have a push out strength of at least 10 bar.

[0056] The disclosure and scope of the appended claims will be further clarified by
the following example.

[0057] Example
15
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[0058] A plugging composition according to embodiments disclosed herein (E1) as
well as a comparative plugging composition (C1) were prepared and applied to the
outlet channels of a honeycomb body, which was the same as a honeycomb body used
to make a Corning® DuraTrap® aluminum titanate (AT) filter having 300 cells per
square inch, 12 mil thick walls, and asymmetric cell technology (ACT), wherein the
honeycomb body had a diameter of about 6.4 inches and an axial length of about 5.5
inches. Following application, the plugs were dried and then fired for about 3 hours at

about 1,000°C. The components of the plugging compositions are set forth in Table 1

below.

Component C1(wt%) E1(wt%)
Aluminum titanate powder 63.6 -
D50 =21 pim, D10 =7 pim,

D90 =155 Qm

Aluminum titanate powder - 64.6
D50 =135 pim, D10 =10 pm,

D90 = 92 Qum

Colloidal Silica (Ludox 19.9 20.1
HS-40)

Methylcellulose (Methocel 0.5 0.5
F240)

Water 12.2 10.9
Citric Acid 0.5 0.5
Triethanol amine (TEA) 33 3.4

[0059] FIG. 1 shows the average plug depth and depth range of plugs applied to the
honeycomb from C1 and FIG. 2 shows the average plug depth and depth range of
plugs applied to the honeycomb from E1. As can be seen from FIGS. 1 and 2, plugs
applied from E1 had a shorter average plug depth (5.811 millimeters) than plugs
applied from C1 (7.600 millimeters). Plugs applied from E1 also had a smaller depth
range (1.07 millimeters) than plugs applied from C1 (2.46 millimeters). Accordingly,
plugs applied from E1 had a depth range that was 18.4% of their average plug depth
while plugs applied from CI had a depth range that was 32.4% of their average plug
depth.

[0060] Unless otherwise expressly stated, it is in no way intended that any method set
forth herein be construed as requiring that its steps be performed in a specific order.

Accordingly, where a method claim does not actually recite an order to be followed
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by its steps or it is not otherwise specifically stated in the claims or descriptions that
the steps are to be limited to a specific order, it is no way intended that any particular
order be inferred.

[0061] Tt will be apparent to those skilled in the art that various modifications and
variations can be made without departing from the spirit or scope of the invention as
set forth in the appended claims. Since modifications combinations, sub-
combinations and variations of the disclosed embodiments incorporating the spirit and
substance of the disclosure may occur to persons skilled in the art, the disclosure
should be construed to include everything within the scope of the appended claims

and their equivalents.

17
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What is claimed is:

1. A composition for applying to a honeycomb body having a plurality of
parallel channels, the composition comprising:
a refractory filler having a particle size distribution;
an organic binder;
an inorganic binder; and
a liquid vehicle;
wherein the refractory filler, the particle size distribution of the
refractory filler, the organic binder, and the inorganic binder are
selected such that, when the composition is applied to plug a plurality
of channels of the honeycomb body, a plurality of plugs formed
therefrom have an average plug depth and a depth range, such that for
channels of a given cross-sectional size, the depth range is less than

30% of the average plug depth.

2. The composition of claim 1, wherein the average plug depth is less

than 7 millimeters.

3. The composition of either of claims 1 - 2, wherein the refractory filler
comprises at least one inorganic powder selected from the group
consisting of cordierite, mullite, aluminum titanate, silicon carbide,
silicon nitride, calcium aluminate, beta-eucryptite, and beta-

spodumene.

4. The composition of any one of claims 1 - 3, wherein the inorganic
binder comprises a gelled inorganic binder.

5. The composition of any one of claims 1 - 4, wherein the composition

sets at a temperature of less than 200°C.

6. The composition of any one of claims 1 - 5, wherein the inorganic

binder comprises gelled colloidal silica.

18



WO 2014/036221

10.

11.

12.

13.

14.
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The composition of any one of claims 1 - 6, wherein the inorganic

powder has a median particle size (Dso) of from 25 to 40 microns.

A porous ceramic honeycomb body comprising a plurality of parallel
channels bounded by porous ceramic channel walls, wherein selected
channels incorporate plugs permanently sealed to the channel walls,
wherein the plugs comprise a refractory filler having a particle size
distribution and an inorganic binder and wherein the refractory filler,
the particle size distribution of the refractory filler, and the inorganic
binder are selected such that the plugs have an average plug depth and
a depth range, such that for channels of a given cross-sectional size, the

depth range is less than 30% of the average plug depth.

The porous ceramic honeycomb body of claim 8, wherein the average

plug depth is less than 7 millimeters.

The porous ceramic honeycomb body of either of claims 8 - 9, wherein
the refractory filler comprises at least one inorganic powder selected
from the group consisting of cordierite, mullite, aluminum titanate,
silicon carbide, silicon nitride, calcium aluminate, beta-eucryptite, and

beta-spodumene.

The porous ceramic honeycomb body of any one of claims § - 10,

wherein the inorganic binder comprises a gelled inorganic binder.

The porous ceramic honeycomb body of any one of claims 8 - 11,

wherein the plugs set at a temperature of less than 200°C.

The porous ceramic honeycomb body of any one of claims § - 12,

wherein the inorganic binder comprises gelled colloidal silica.

The porous ceramic honeycomb body of any one of claims & - 13,
wherein the inorganic powder has a median particle size (Dsg) of from

25 to 40 microns.
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15.

16.

17.

18.

19.

20.
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A method for applying a plugging composition to a honeycomb body
having a plurality of parallel channels, the method comprising:
applying to the honeycomb body, a composition comprising:

a refractory filler having a particle size distribution;

an organic binder;

an inorganic binder; and

a liquid vehicle;

wherein the refractory filler, the particle size distribution of the
refractory filler, the organic binder, and the inorganic binder are
selected such that, when the composition is applied to plug a plurality
of channels of the honeycomb body, a plurality of plugs formed
therefrom have an average plug depth and a depth range, such that for
channels of a given cross-sectional size, the depth range is less than

30% of the average plug depth.

The method of claim 15, wherein the average plug depth is less than 7

millimeters.

The method of either of claims 15 - 16, wherein the refractory filler
comprises at least one inorganic powder selected from the group
consisting of cordierite, mullite, aluminum titanate, silicon carbide,
silicon nitride, calcium aluminate, beta-eucryptite, and beta-

spodumene.

The method of any one of claims 15 - 17, wherein the inorganic binder

comprises a gelled inorganic binder.

The method of any one of claims 15 - 18, wherein the composition sets

at a temperature of less than 200°C.

The method of any one of claims 15 - 19, wherein the inorganic

powder has a median particle size (Dso) of from 25 to 40 microns.
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