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(57) ABSTRACT

A honeycomb extrusion apparatus comprises a die body and
a flow control device. The die body comprises an inlet end, an
outlet end, a central axis, a first set of feedholes, a second set
of feedholes, a set of central slots, and a set of outermost
peripheral slots. The first set of feedholes extends from the
inlet end to an interior interface portion of the die body. The
second set of feedholes extends through the die body from the
inlet end to the outlet end. The set of central slots extends
from the outlet end to the interior interface portion of the die
body. The set of outermost peripheral slots is disposed radi-
ally outwardly of the central slots. The interior interface por-
tion of the die body is configured to allow flow of the batch
material from the first set of feedholes to the central slots and
to the outermost peripheral slots.
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APPARATUS AND METHOD FOR FORMING
SKIN ON A CERAMIC BODY BY EXTRUSION

TECHNICAL FIELD

[0001] The present disclosure relates generally to honey-
comb extrusion die apparatus and methods and, more particu-
larly, to dies apparatus and methods for controlling formation
of a skin of a ceramic honeycomb body.

BACKGROUND

[0002] Conventional methods for extruding honeycomb
bodies can co-extrude the outer skin and the inner matrix of
the honeycomb bodies. However, such methods may cause
defects in the outer skin that render the honeycomb body
unusable or require further processing.

SUMMARY

[0003] 1In one aspect, a honeycomb extrusion apparatus is
provided for extruding batch material. The apparatus com-
prises a die body and a flow control device. The die body
comprises an inlet end, an outlet end, a central axis, a first set
of feedholes, a second set of feedholes, a set of central slots,
and a set of outermost peripheral slots. The first set of feed-
holes extends from the inlet end to an interior interface por-
tion of the die body. The second set of feedholes extends
through the die body from the inlet end to the outlet end. The
set of central slots extends from the outlet end to the interior
interface portion of the die body. The set of outermost periph-
eral slots is disposed radially outwardly of the central slots.
The interior interface portion of the die body is configured to
allow flow ofthe batch material from the first set of feedholes
to the central slots and to the outermost peripheral slots. The
flow control device is disposed at the inlet end of the die body
and comprises a flow blocking portion for blocking flow of
the batch material at the inlet end of the die body into feedhole
inlets of the first set of feedholes which directly feed the
outermost peripheral slots.

[0004] In another aspect, a method of extruding a honey-
comb comprising the steps of providing a die body compris-
ing an inlet end, an outlet end, a central axis, a first set of
feedholes extending from the inlet end to an interior interface
portion of the die body, a set of central slots extending from
the outlet end to the interior interface portion of the die body,
a set of outermost peripheral slots disposed radially out-
wardly of the central slots, and providing a flow control
device at the inlet end of the die body to block flow of batch
material at the inlet end of the die body into feedhole inlets of
the first set of feedholes which directly feed the outermost
peripheral slots. The interior interface portion of the die body
is configured to allow flow of the batch material from the first
set of feedholes to the central slots and to the outermost
peripheral slots.

[0005] Inyetanother aspect, a method of forming a honey-
comb body by extrusion of ceramic-forming batch material
through an extrusion die is provided. The honeycomb body
has an outermost circumferential wall surrounding a matrix
of intersecting honeycomb walls. The die comprises a die
body comprising an inlet end, an outlet end, a central axis, a
set of central slots extending from the outlet end to an interior
interface portion of the die body, a set of outermost peripheral
slots disposed radially outwardly of the central slots. The
interior interface portion of the die body is configured to
allow flow of the batch material from a first set of feedholes to
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the central slots and to the outermost peripheral slots. The
method comprises providing a supply flow of the batch mate-
rial to the inlet end of the die body, and splitting the supply
flow into a central flow and a peripheral flow. The central flow
passes through the set of central slots to form the matrix of
intersecting honeycomb walls, and the peripheral flow passes
through the second set of feedholes and out the outlet end of
the die body without passing through any slot in the die. The
outermost circumferential wall comprises batch material
from the peripheral flow.

BRIEF DESCRIPTION OF THE DRAWINGS

[0006] These and other features, aspects and advantages of
the present disclosure are better understood when the follow-
ing detailed description is read with reference to the accom-
panying drawings, in which:

[0007] FIG. 1 is an exploded perspective view of an
example honeycomb extrusion apparatus as disclosed herein;
[0008] FIG. 2 is a cross-sectional view of the honeycomb
extrusion apparatus of FIG. 1;

[0009] FIG. 3 is a partial cross-sectional view of the hon-
eycomb extrusion apparatus of FIGS. 1 and 2 near an outlet
end of a die body;

[0010] FIG. 4 is a partial cross-sectional view of the hon-
eycomb extrusion apparatus of FIGS. 1, 2 and 3 near an inlet
end of the die body;

[0011] FIG. 5 is a partial cross-sectional view of the hon-
eycomb extrusion apparatus of FIGS. 1-4 shown with a
throttle in a first position;

[0012] FIG. 6 is a partial cross-sectional view of the hon-
eycomb extrusion apparatus of FIGS. 1-5 shown with the
throttle in a second position; and

[0013] FIG. 7 is a perspective view of a flow dividing por-
tion and a flow regulating portion of a flow control device of
the apparatus of FIGS. 1-6.

DETAILED DESCRIPTION

[0014] Examples will now be described more fully herein-
after with reference to the accompanying drawings in which
example embodiments are shown. Whenever possible, the
same reference numerals are used throughout the drawings to
refer to the same or like parts. However, aspects may be
embodied in many different forms and should not be con-
strued as limited to the embodiments set forth herein.

[0015] Referringnow to FIG. 1, an example embodiment of
a honeycomb extrusion apparatus 10 for extruding batch
material is illustrated with features to be described herein.
FIG. 1is an exploded view of the extrusion apparatus 10 the
components of which may include, among others, an insert
12, a holder 14, a mask 16, a throttle 18, a throttle seal 20, a
shim 22, a die body 24, and a flow control device 26.

[0016] FIG. 2 shows a cross-section of the extrusion appa-
ratus 10 in an assembled state along the longitudinal direction
of the extrusion apparatus 10. A batch of materials is adapted
to flow from an upstream side to a downstream side of the
extrusion apparatus 10 which would correspond respectively
to a bottom side and a top side in FIG. 2. While this example
extrusion apparatus 10 is embodied in a substantially cylin-
drical shape with a substantially circular cross-section, an
extrusion apparatus 10 that has a variety of cross-sectional
shapes, for example, polygonal or irregularly shaped cross-
sections, can also be contemplated. The term “honeycomb”is
not necessarily meant to convey that products resulting from
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the extrusion process will be identical to honeycombs having
hexagonal cells, but rather should be interpreted to mean that
a structure made up of a plurality of neighboring cells is
produced, such as square, rectangular, circular, oval, triangu-
lar, pentagonal cells.

[0017] As shown in FIGS. 1-2, the die body 24 includes an
inletend 28, an outlet end 30 and extends longitudinally about
a central axis X that is oriented substantially parallel to the
direction of batch flow during the extrusion process. In the
embodiment shown in FIGS. 1-2, the die body 24 includes a
die 32 and a die holder 34 inside of which the die 32 is adapted
to be inserted, although the die body 24 may also be a one-
piece component. The die 32 and the die holder 34 may
include depressions 25 in which pins can be placed to help
align the die 32 and the die holder 34.

[0018] Referring to FIGS. 2-4 and 5-6, a plurality of chan-
nels 36 is formed to extend through the die body 24 substan-
tially parallel to the central axis X allowing the batch of
materials to move from the inlet end 28 to the outlet end 30.
The channels 36 are disposed across a plane transverse to the
central axis X in a manner to be described below. Each of the
channels 36 may include a feedhole inlet 38, a feedhole 40
and an outlet 42. The feedhole inlets 38 are provided on the
inlet end 28 of the die body 24 and allow the batch to enter the
die body 24 while the feedholes 40 allow the batch to be
channeled from the inlet end 28 toward the outlet end 30 of the
die body 24. The outlet 42 on an outlet face 50 may be a
feedhole outlet 43 or a slot 44. In the embodiment shown in
FIGS. 2-4, some of the channels 36 may include further a slot
44 downstream of the feedhole 40 and the feedholes 40 tran-
sition to the slot 44 at an interior interface portion 46. The
feedholes 40 and the respective slots 44 are in fluid commu-
nication capable of allowing the batch to flow through,
although the cross-sectional area of the slots 44 may be sub-
stantially smaller than the cross-sectional area of the feed-
holes 40.

[0019] The slots 44 are separated and defined by a plurality
of pins 48 disposed on the outlet end 30 of the die body 24.
The shape of cells of the honeycomb structure will depend on
the arrangement of the pins 48 in a plane that is transverse to
the central axis X. In other words, when a cross-section of the
die body 24 across the central axis X is viewed, a network,
array or matrix of the pins 48 may have a row-and-column
pattern, a radiating pattern, an irregular pattern, or any other
desired pattern that determines the shape and relative spacing
of the cell arrangement in the resulting honeycomb body.

[0020] Referring to FIGS. 1, 3 and 5-6, the outlet end 30 of
the die body 24 includes the outlet face 50 that has a centrally
protruding portion 52. The feedholes and slots are omitted
from the die 32 in FIGS. 5-6 for ease of illustration. Although
these features are embodied in the die 32, shown in FIG. 1, a
unitary die body 24, otherwise having the same features, may
be provided instead. The centrally protruding portion 52 has
a two-step configuration along the perimeter such that the
outlet face 50 includes a distal surface 54, a first axially
recessed surface 56 and a second axially recessed surface 58.
Specifically, the first axially recessed surface 56 surrounds
the distal surface 54 and is disposed farther toward the inlet
end 28 than the distal surface 54 while the second axially
recessed surface 58 surrounds the distal surface 54 and is
disposed farther toward the inlet end 28 than the first axially
recessed surface 56. The extent to which the second axially
recessed surface 58 is disposed toward the inlet end 28 with
respect to the first axially recessed surface 56 need not be the
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same as the extent to which the first axially recessed surface
56 is disposed toward the inlet end with respect to the distal
surface 54. The distal surface 54 transitions to the first axially
recessed surface 56 through a first transition surface 60 which
may be angled with respect to the central axis X. The first
axially recessed surface 56 transitions to the second axially
recessed surface 58 through a second transition surface 62
which may also be angled with respect to the central axis X.
The second axially recessed surface 58 may be formed so as
to be coplanar with the interior interface portion 46 at which
the feedholes 40 transition to the slots 44.

[0021] Depending on the arrangement within the die body
24, the outlet 42 of the channels 36 may be at the distal surface
54, the first axially recessed surface 56 or the second axially
recessed surface 58, each of the three being shown in FIG. 3.
The channels 36 may be categorized as a first set of channels
36a and a second set of channels 365. The first set of channels
36a includes a first set of feedholes 40a which extend from
the inlet end 28 of the die body 24 to the interior interface
portion 46. Moreover, depending on the arrangement within a
plane transverse to the central axis X, the first set of channels
36a may include either a central slot 44a or an outermost
peripheral slot 44b. The outermost peripheral slots 445 are
configured to extend from the interior interface portion 46 to
the first axially recessed surface 56 while the central slots 44a
are configured to extend from the interior interface portion 46
to the distal surface 54. As a consequence of the disposition of
the first axially recessed surface 56 with respect to the distal
surface 54, the outermost peripheral slots 445 are disposed
radially outwardly of the central slots 44a. Thus, the outlet 42
of the central slot 44a 1s located at the distal surface 54 while
the outlet 42 of the outermost peripheral slot 445 is located at
the first recessed surface 56. In comparison, the second set of
channels 365 includes a second set of feedholes 405 which
extend from the inlet end 28 of the die body 24 to the second
axially recessed surface 58 and does not include a slot 44 near
the outletend 30 of the die body 24. Thus, the outlets 42 of the
second set of channels 365 are located at the second axially
recessed surface 58 and are in direct fluid communication
with the second set of feedholes 405.

[0022] Upstream of the feedhole inlets 38, as shown in FIG.
4, a flow control device 26 is configured to be mounted on the
inlet end 28 of the die body 24 so as to contact the inlet end 28
and to divide or split a supply flow of batch material into a
central flow, or a first quantity of batch material, and a periph-
eral flow, or a second quantity of batch material. As shown in
FIG. 7, the flow control device 26 may include a flow dividing
portion 64 and a flow regulating portion 66 which may be
secured to the inlet end 28 of the die body 24 through securing
means known in the art, such as pins 68 and apertures 69
(FIGS. 2 and 7). The flow dividing portion 64 may be a
substantially annular component having a central through-
hole 70 and a plurality of through-holes 72. The inner dimen-
sionofthe central through-hole 70 (e.g., diameter) is such that
the feedhole inlets 38 of the first set of channels 36a having
central slots 44a are exposed. The flow dividing portion 64
splits or divides the batch material into the central flow and
the peripheral flow with the central flow being supplied to the
central through-hole 70 and the peripheral flow being sup-
plied to the plurality of through-holes 72. The plurality of
through-holes 72 is disposed so as to be in alignment with the
feedhole inlets 38 of the second channels 364. The plurality of
through-holes 72 may be configured so as to be identical in
size and shape to the feedhole inlets 38 of the second set of
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feedholes 405 of the second set of channels 365. Moreover,
the flow dividing portion 64 further includes a flow blocking
portion 74 (FIG. 4) which blocks the feedhole inlets 38 of the
first set of channels 365 having outermost peripheral slots
44b. As a result, a flow of batch material is prevented by the
flow blocking portion 74 from entering the first set of feed-
holes 40a that directly feed the outermost peripheral slots
44b.

[0023] Furthermore, the flow regulating portion 66 may be
configured to contact the flow dividing portion 64 on the
upstream side and may also have an annular shape so as to
give the flow control device 26 a substantially annular geom-
etry. The overall diameter of the flow regulating portion 66
may be similar to the flow dividing portion 64. Unlike the flow
dividing portion 64, the flow regulating portion 66 need notbe
configured with features similar to the through-holes 72 of the
flow dividing portion 64 and may simply include a first central
opening 76. The inner dimension of the first central opening
76 of the flow regulating portion 66 (e.g., diameter) is larger
than inner dimension of the central through-hole 70 but not so
large as to expose all of the through-holes 72 of the flow
dividing portion 64. As a result, the flow of batch material to
the central through-hole 70 of the flow dividing portion 64 is
not impeded by the central opening 76 while a subset of the
plurality of through-holes 72 of the flow dividing portion 64
are partially blocked by the flow regulating portion 66 so that
flow rate to the second set of channels 364 is regulated.

[0024] Referring back to a downstream side of the die body
24, the outlet end 30 of the die body 24 includes an elevated
periphery 80 (FIG. 2) that is radially outward of the second
axially recessed surface 58 and against which the annular
shim 22 may be placed. In this embodiment, the elevated
periphery 80 is part of the die holder 34. The second axially
recessed surface 58 may be disposed to be farther toward the
inlet end 28 than the elevated periphery 80 of the outlet end
30. Parts of the elevated periphery 80 may include recessed
portions 84 to accommodate the throttle as will be discussed
below. An inner perimeter of the annular shim 22 may also
include cut-outs 86 (FIG. 1) adapted to match the recessed
portions 84 in shape and to facilitate the accommodation of
the throttle between the mask 16 and the outlet end 30 of the
die body 24.

[0025] Downstream of the die body 24, the extrusion appa-
ratus 10 includes a mask 16 that is disposed on the outlet end
30 of the die body 24 to control a skin formation of the
honeycomb body. The mask 16 is a generally annular com-
ponent with a second central opening 17 and includes an inlet
end 16 and an outlet end 165 (FIG. 3). The mask 16 may be
configured with apertures 88 (F1G. 1) that extend through the
mask 16 and allow the mask 16 to be aligned in a desired
manner with neighboring components by using securing
means such as pins 90. The inlet end 164 of the mask 16 is
disposed proximate the outlet end 30 of the die body 24 and is
configured with a recessed section 92 that forms a cavity 82 in
conjunction with the outletend 30 of the die body 24 when the
mask 16 is mounted thereto as shown in FIGS. 5-6. The inlet
end 16« of the mask 16 also includes an outer axially protrud-
ing peripheral portion 94 and an inner axially protruding
peripheral portion 96 between which the recessed section 92
is formed. The mask 16 is mounted proximate on the outlet
end 30 of the die body 24 such that the outer axially protrud-
ing peripheral portion 94 is placed against the shim 22 while
the inner axially protruding peripheral portion 96 is disposed
proximate but spaced away from the first axially recessed
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surface 56 thus forming a passage 98 from the second set of
channels 365 to the second central opening 17. Thus, the
cavity 82 becomes bounded on the upstream side by the die
body 24, on the downstream side by the mask 16, and radially
outwardly by the shim 22. The geometric parameters of the
passage 98, i.e., the skin gap and the face gap, may be con-
trolled by altering the thickness of the shim 22. Alternatively,
it may be possible to change the same geometric parameters
of the passage 98 by changing the height of the outer axially
protruding peripheral portion 94 of the mask 16 and, in some
embodiments, doing away with the shim 22, or by altering the
geometry of the inner axially protruding peripheral portion
96. Regardless of whether the geometric parameters are var-
ied by altering the dimensions or geometry of the shim 22, the
outer axially protruding peripheral portion 94 or the inner
axially protruding peripheral portion 96, the mask 16 is con-
figured to allow batch material from the second set of chan-
nels 364 to flow between the mask 16 and the die body 24.

[0026] The throttle 18 is an annular component that is dis-
posed proximate the second set of channels 365 so as to
partially fill the cavity 82 and move along the central axis X
upon manipulation by an operator as described below. A
reservoir 100 is formed when the throttle 18 is spaced away
from the outlet face 50 or the second axially recessed surface
58 and is in communication with the second set of channels
365 of the die body 24 from which the batch of material are
directly fed. Selective volumetric control of the reservoir 100
is made possible with this arrangement in that the volume of
the reservoir 100 is reduced as the throttle 18 is moved in the
upstream direction and is increased as the throttle 18 is moved
in the downstream direction. The range of movement of the
throttle 18 is such that, when the volume of the reservoir 100
1s at its highest, a downstream face of the throttle 18 contacts
the recessed section 92 of the mask 16 while, when the vol-
ume of the reservoir 100 is at its lowest (e.g., zero), an
upstream face 18a (FIG. 2) of the throttle 18 contacts the
second axially recessed surface 58 thus blocking the outlets
42 of'the second channels 365 and preventing batch flow into
the reservoir 100. In other words, the movement of the throttle
18 can selectively adjust the flow of batch material from the
second set of channels 364 that pass between the throttle 18
and the die body 24. The upstream face 18« of the throttle 18
can be configured so as to vary radially in thickness and such
aconfiguration would allow some, but not all, of the outlets 42
of the second set of channels 365 to be blocked selectively.
The geometry of the throttle 18 and the centrally protruding
portion 52 of the outlet end 30 of the die body 24 and their
positional disposition may be such that the batch of materials
is able to flow from the reservoir 100 to the passage at all
positions of the throttle 18 except when the outlets 42 on the
second axially recessed surface 58 are blocked. The throttle
18 may include tabs 185 (FIG. 1) that are configured to fit
within the recessed portions 84 in the elevated periphery 80 of
the outlet end 30 and the cut-outs 86 of the shim 22. The mask
16, the tabs 185 of the throttle 18 and the recessed portions 84
on the elevated periphery 80 may include apertures 88
through which pins 90 can be inserted to facilitate alignment
of these components. Moreover, an inner periphery of the
throttle 18 may include an indentation 104 (FIG. 3) that can
house the ring-shaped seal 20 in order to help seal the reser-
voir 100. The seal 20 may be made of materials suitable for
sealing of fluid, such as ultra high molecular weight polyeth-
ylene (UHMWPE or UHMW).
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[0027] Further downstream of the mask 16, as shown in
FIGS. 1-2, the extrusion apparatus 10 may include a substan-
tially tubular insert holder 14 that is configured to enclose the
mask 16 and a substantially tubular insert 12 that is partially
housed interiorly of the insert holder 14. The insert holder 14
and the insert 12 combine to form a tube-in-tube structure
where the insert 12 is movable along the central axis X with
respect to the insert holder 14 and where the batch of mate-
rials exiting from the second central opening 17 of the mask
16 is allowed to flow through a third central opening 108 of
the insert 12 and out of the extrusion apparatus 10. A down-
stream end of the insert 12 includes a flange 110 that projects
radially outward from a cylindrical wall 112 of the insert 12.
The flange 110 is configured with a first set of apertures 114
and a second set of apertures 116. The first set of apertures
114 are disposed radially outward of the second set of aper-
tures 116 on the flange 110 and extend through the flange 110
of the insert 12. In comparison, the second set of apertures
116 extends through the flange 110 and the cylindrical wall
112 of the insert 12. The insert holder 14 includes an annular
recess 118 that includes a third set of apertures 120 that is
configured to be aligned with the first set of apertures 114.
The first set 114 and the third set 120 of apertures are config-
ured to accept adjusting screws 122 that can be manipulated
to move the insert 12 with respect to the insert holder 14 along
the central axis X. Meanwhile, the second set of apertures 116
is provided to allow the insertion of coupling screws 124 in
order to couple the insert 12 to the throttle 18 so that the insert
12 and the throttle 18 move as a unit when the insert 12 is
moved along the central axis X by manipulation of the adjust-
ing screws 122. The coupling screws 124 are of such length as
to extend through the insert 12 and the mask 16 and reach the
throttle 18. An upstream end of the insert 12 and the throttle
18 are configured to allow standoffs 126 to extend therebe-
tween so as to couple the insert 12 and the throttle 18. The
throttle 18 includes a fourth set of apertures 128 into which
the standoffs 126 can extend. The mask 16 includes the fifth
set of apertures 130 that is sufficiently larger in diameter than
the standofts 126 to allow the standoffs 126 to pass through
without hindrance. As a result, as the insert 12 and the throttle
18 are moved as one along the central axis X, the mask 16
remains stationary.

[0028] The throttle 18 may be flexible or adjustable such
that one portion of the throttle 18 can undergo greater move-
ment along the central axis X than another portion of the
throttle 18. In other words, the adjusting screws 122 may be
manipulated to move deeper into a corresponding one of the
third set of apertures 120 and cause a first perimeter portion of
the throttle 18 to move along the central axis X independently
a second perimeter portion of the throttle 18. The portion of
the throttle 18 may vary in circumferential length and may
make up ahalf, a quarter, an eighth or a different portion of the
perimeter, or circumference in case of an annular throttle 18.
The number of portions on the throttle 18 that are indepen-
dently adjustable may depend on the flexibility of the throttle
18 and/or the number of adjustment screws 122 provided
around the perimeter. The throttle 18 may be made of various
flexible materials known in the art such as rubber and the
degree of flexibility of a material may affect the degree of
possible adjustment. A throttle 18 made of metallic materials
may also allow independent adjustment of different portions
of the throttle 18 depending on the degree of movement
required for the adjustment. Moreover, the throttle 18 may
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undergo changes in cross-sectional shape such that the
dimensions of the throttle 18 change in radial and axial direc-
tions.

[0029] Using the extrusion apparatus 10 discussed above, a
flow of batch material supplied to the inlet end 28 of the die
body 24 moves through the flow control device 26 where the
batch material is divided by the flow dividing portion 64 into
a central flow for forming an inner matrix of intersecting
walls of a honeycomb body and a peripheral flow for forming
an outermost circumferential wall or skin of the honeycomb
body. The central flow is allowed to flow to the first set of
channels 36a that includes the first set of feedholes 40a and
the central slots 44a while the peripheral flow is allowed to
flow to the second set of channels 365 which includes the
second set of feedholes 405 but no slots. The flow blocking
portion 74 of the flow control device 26 blocks the first set of
channels 364 that includes the first set of feedholes 40a which
directly feed the outermost peripheral slots 445. Upstream of
the flow blocking portion 74, the flow regulating portion 66
allows the central flow to move substantially without hin-
drance to the flow dividing portion 64 while regulating the
flow rate of the peripheral flow by partially blocking the
plurality of through-holes 72 on the flow dividing portion 64.
[0030] Near the outlet end 30 of the die body 24, the central
flow exiting from the central slots 44a forms the inner matrix
of intersecting walls. The peripheral flow exits from the out-
lets 42 of the second set of feedholes 405 of the second set of
channels 365 and enters the reservoir 100. Thus, the periph-
eral flow moves through the die body 24 without passing
through any slot in the die body 24. The flow rate from the
reservoir 100 to the passage 98 is controlled by adjusting the
position of the throttle 18 along the central axis X by manipu-
lation of the adjusting screws 122 on the insert. As a result, the
peripheral flow from the second set of channels 365 through
the reservoir 100 to the passage 98 can be volumetrically
controlled. Moreover, by preventing batch flow through the
outermost peripheral slots 44b from intersecting with batch
flow through the passage 98, a peripheral flow having
enhanced homogeneity in the molecular orientation may be
obtained, and we have observed a reduction in defect forma-
tion in the outermost peripheral skin.

[0031] Inone set of embodiments, a honeycomb extrusion
apparatus for extruding batch material is disclosed herein, the
apparatus comprising: a die body comprising an inlet end, an
outlet end, a central axis, a first set of feedholes extending
from the inlet end to an interior interface portion of the die
body, a second set of feedholes extending through the die
body from the inlet end to the outlet end, a set of central slots
extending from the outlet end to the interior interface portion
of the die body, a set of outermost peripheral slots disposed
radially outwardly of the central slots, wherein the interior
interface portion of the die body is configured to allow flow of
the batch material from the first set of feedholes to the central
slots and to the outermost peripheral slots; and a flow control
device disposed at the inlet end of the die body, the flow
control device comprising a flow blocking portion for block-
ing flow of the batch material at the inlet end of the die body
into feedhole inlets of the first set of feedholes which directly
feed the outermost peripheral slots.

[0032] Insome embodiments, the flow control device con-
tacts the inlet end of the die body.

[0033] In some embodiments, the apparatus further com-
prises a throttle disposed proximate the second set of feed-
holes at the outlet end of the die body, the throttle being
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axially movable with respect to the die body; in some of these
embodiments, the throttle is capable of being spaced away
from the outlet face of the die body to provide a reservoir
capable of being fed by the second set of feedholes; in other
of these embodiments, the throttle is capable of selectively
blocking flow of batch material from at least some of the
second set of feedholes at the outlet end of the die body; in
other of these embodiments, the throttle is configured to
selectively adjust flow of the batch material from the second
set of feedholes to pass between the throttle and the die body;
in other of these embodiments, the throttle includes a first
perimeter portion and a second perimeter portion, and the first
perimeter portion is adjustable independently of the second
perimeter portion.

[0034] Insomeembodiments, the outlet end of the die body
comprises a distal surface from which the set of central slots
extends toward the interior interface portion of the die body,
a first axially recessed surface surrounding the distal surface,
and a second axially recessed surface surrounding the first
axially recessed surface; in some of these embodiments, the
first axially recessed surface is disposed farther toward the
inlet end than the distal surface; in other of these embodi-
ments, the second axially recessed surface is disposed farther
toward the inlet end than the first axially recessed surface; in
other of these embodiments, the central slots extend from the
distal surface toward the interior interface portion of the die
body; in other of these embodiments, the outermost periph-
eral slots extend from the first axially recessed surface toward
the interior interface portion of the die body; in other of these
embodiments, the second axially recessed surface contains no
slots.

[0035] Insomeembodiments, the flow control device com-
prises a body having a plurality of through-holes each con-
figured to align with a respective feedhole inlet of the second
set of feedholes; in some of these embodiments, the through-
holes are identical in shape and size with the feedhole inlets of
the second set of feedholes.

[0036] Insomeembodiments, the flow control device com-
prises a central through-hole configured to allow flow of the
batch material into the first set of feedholes except for the
feedholes of the first set of feedholes which directly feed the
outermost peripheral slots.

[0037] Insomeembodiments, the flow control device com-
prises an annular body, and the flow blocking portion is gen-
erally annular.

[0038] In some embodiments, the apparatus further com-
prises a mask disposed at the outlet end of the die body; in
some of these embodiments, the mask contacts the die body,
and in some of these embodiments, the mask comprises an
inlet end proximate the outlet end of the die body, and an
outlet end, wherein the inlet end comprises an axially pro-
truding peripheral portion disposed proximate, and spaced
away from, the first axially recessed surface of the die body,
wherein the mask is configured to allow batch material from
at least some of the second set of feedholes to flow between
the mask and the die body.

[0039] In another set of embodiments, a method of extrud-
ing a honeycomb is disclosed herein comprising the steps of:
providing a die body comprising an inlet end, an outlet end, a
central axis, a first set of feedholes extending from the inlet
end to an interior interface portion of the die body, a set of
central slots extending from the outlet end to the interior
interface portion of the die body, a set of outermost peripheral
slots disposed radially outwardly of the central slots, wherein
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the interior interface portion of the die body is configured to
allow flow of the batch material from the first set of feedholes
to the central slots and to the outermost peripheral slots; and
providing a flow control device at the inlet end of the die body
to block flow of batch material at the inlet end of the die body
into feedhole inlets of the first set of feedholes which directly
feed the outermost peripheral slots.

[0040] In some embodiments, the die body further com-
prises a second set of feedholes extending through the die
body from the inlet end to the outlet end, the method further
comprising the steps of: dividing flow of batch material into a
first quantity of batch material received by the first set of
feedholes to form an inner matrix of intersecting walls of a
honeycomb and a second quantity of batch material received
by the second set of feedholes to form an outer skin of a
honeycomb; and regulating a flow rate of batch material
received by the second set of feed holes; in some of these
embodiments, the flow control device further comprises a
flow dividing device, wherein the step of dividing flow of
batch material is achieved by mounting the flow dividing
device with respect to the die body with a plurality of holes of
the flow dividing device being aligned with respective feed-
hole inlets of the second set of feedholes; in other of these
embodiments, the step of regulating the flow rate includes at
least partially blocking a set of the plurality of holes of the
flow dividing device; in other of these embodiments, the
method further comprises the step of adjusting a volume of a
reservoir located upstream of the second set of feedholes.

[0041] In another set of embodiments, a method is dis-
closed herein of forming a honeycomb body by extrusion of
ceramic-forming batch material through an extrusion die, the
honeycomb body having an outermost circumferential wall
surrounding a matrix of intersecting honeycomb walls, the
die comprising a die body comprising an inlet end, an outlet
end, a central axis, a set of central slots extending from the
outlet end to an interior interface portion of the die body, a set
of outermost peripheral slots disposed radially outwardly of
the central slots, wherein the interior interface portion of the
diebody is configured to allow flow of the batch material from
a first set of feedholes to the central slots and to the outermost
peripheral slots, the method comprising: providing a supply
flow of the batch material to the inlet end of the die body; and
splitting the supply flow into a central flow and a peripheral
flow, wherein the central flow passes through the set of central
slots to form the matrix of intersecting honeycomb walls, and
the peripheral flow passes through the second set of feedholes
and out the outlet end of the die body without passing through
any slotin the die, wherein the outermost circumferential wall
comprises batch material from the peripheral flow.

[0042] In some embodiments, the method further com-
prises throttling the batch material exiting the second set of
feedholes; in some of these embodiments, the method further
comprises throttling the batch material exiting the second set
of feedholes using a throttle including at a first perimeter
portion and a second perimeter portion, the first perimeter
portion throttling the batch material exiting the second set of
feedholes independently of the second perimeter portion
throttling the batch material exiting the second set of feed-
holes; in other of these embodiments, the method further
comprises preventing batch material from passing through
the outermost peripheral slots, and in some of these embodi-
ments, the method further comprises providing the first set of
feedholes extending from the inlet end of the die body to the
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interiorinterface portion of the die body, and the second set of
feedholes extending through the die body from theinletend to
the outlet end.

[0043] It will be apparent to those skilled in the art that
various modifications and variations can be made without
departing from the spirit and scope of the claimed invention.

What is claimed is:

1. A honeycomb extrusion apparatus for extruding batch
material, the apparatus comprising;

a die body comprising an inlet end, an outlet end, a central
axis, a first set of feedholes extending from the inlet end
to an interior interface portion of the die body, a second
set of feedholes extending through the die body from the
inlet end to the outlet end, a set of central slots extending
from the outlet end to the interior interface portion of the
die body, a set of outermost peripheral slots disposed
radially outwardly of the central slots, wherein the inte-
rior interface portion of the die body is configured to
allow flow of the batch material from the first set of
feedholes to the central slots and to the outermost
peripheral slots; and

a flow control device disposed at the inlet end of the die
body, the flow control device comprising a flow blocking
portion for blocking flow of the batch material at the
inlet end of the die body into feedhole inlets of the first
set of feedholes which directly feed the outermost
peripheral slots.

2. The apparatus of claim 1 wherein the flow control device

contacts the inlet end of the die body.

3. The apparatus of claim 1 further comprising a throttle
disposed proximate the second set of feedholes at the outlet
end of the die body, the throttle being axially movable with
respect to the die body.

4. The apparatus of claim 3 wherein the throttle is capable
of being spaced away from the outlet face of the die body to
provide a reservoir capable of being fed by the second set of
feedholes.

5. The apparatus of claim 3 wherein the throttle is capable
of selectively blocking flow of batch material from at least
some of the second set of feedholes at the outlet end of the die
body.

6. The apparatus of claim 1 wherein the outletend of the die
body comprises a distal surface from which the set of central
slots extends toward the interior interface portion of the die
body, a first axially recessed surface surrounding the distal
surface, and a second axially recessed surface surrounding
the first axially recessed surface.

7. The apparatus of claim 6 wherein the first axially
recessed surface is disposed farther toward the inlet end than
the distal surface.

8. The apparatus of claim 6 wherein the second axially
recessed surface is disposed farther toward the inlet end than
the first axially recessed surface.

9. The apparatus of claim 6 wherein the central slots extend
from the distal surface toward the interior interface portion of
the die body.

10. The apparatus of claim 6 wherein the outermost periph-
eral slots extend from the first axially recessed surface toward
the interior interface portion of the die body.

11. The apparatus of claim 6 wherein the second axially
recessed surface contains no slots.
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12. The apparatus of claim 3 wherein the throttle is con-
figured to selectively adjust flow of the batch material from
the second set of feedholes to pass between the throttle and
the die body.

13. The apparatus of claim 1 wherein the flow control
device comprises a body having a plurality of through-holes
each configured to align with a respective feedhole inlet of the
second set of feedholes.

14. The apparatus of claim 1 wherein the flow control
device comprises a central through-hole configured to allow
flow of the batch material into the first set of feedholes except
for the feedholes of the first set of feedholes which directly
feed the outermost peripheral slots.

15. The apparatus of claim 1 wherein the flow control
device comprises an annular body, and the flow blocking
portion is generally annular.

16. A method of forming a honeycomb body by extrusion
of ceramic-forming batch material through an extrusion die,
the honeycomb body having an outermost circumferential
wall surrounding a matrix of intersecting honeycomb walls,
the die comprising a die body comprising an inlet end, an
outlet end, a central axis, a set of central slots extending from
the outlet end to an interior interface portion of the die body,
a set of outermost peripheral slots disposed radially out-
wardly of the central slots, wherein the interior interface
portion of the die body is configured to allow flow of the batch
matetial from a first set of feedholes to the central slots and to
the outermost peripheral slots, the method comprising:

providing a supply flow of the batch material to the inlet
end of the die body;

splitting the supply flow into a central flow and a peripheral
flow, wherein the central flow passes through the set of
central slots to form the matrix of intersecting honey-
comb walls, and the peripheral flow passes through the
second set of feedholes and out the outlet end of the die
body without passing through any slot in the die,
wherein the outermost circumferential wall comprises
batch material from the peripheral flow.

17. The method of claim 16 further comprising throttling
the batch material exiting the second set of feedholes.

18. The method of claim 17 further comprising throttling
the batch material exiting the second set of feedholes using a
throttle including at a first perimeter portion and a second
perimeter portion, the first perimeter portion throttling the
batch material exiting the second set of feedholes indepen-
dently of the second perimeter portion throttling the batch
material exiting the second set of feedholes.

19. The method of claim 16 further comprising preventing
batch material from passing through the outermost peripheral
slots.

20. The method of claim 19 further comprising providing
the first set of feedholes extending from the inlet end of the die
body to the interior interface portion of the die body, and the
second set of feedholes extending through the die body from
the inlet end to the outlet end.
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