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(57) Abstract: A catalytic unit, a process for providing a support mat for the catalytic unit, and a process for assembling the cat-
alytic unit are provided. An installed mat density for the support mat being calculated based upon a desired annular cross-sectional
area of a gap between a catalyst carrier and a shell of the catalytic unit, with the support mat being sandwiched therebetween. The
support mat for the catalytic unit can be provided by first slitting a bulk roll of support mat to form a plurality of end unit specific
mat rolls. The support mat can be wrapped around the catalytic carrier to form multiple layers of support mat, with the support mat
having beveled leading and trailing edges to reduce variation in material density in the layers of support mat overlying and under-
lying the leading trailing edges. The support mat can be free of any binder.
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CATALYTIC UNIT FOR TREATING AN EXHAUST GAS
AND MANUFACTURING METHODS FOR SUCH UNITS

CROSS-REFERENCE TO RELATED APPLICATIONS

[6001] This application claims the benefit of the filing date of U.S. Provisional
Application No. 61/113,593, filed November 11, 2008, which is hereby incorporated

by reference in its entirety.

FEDERALLY SPONSORED RESEARCH OR DEVELOPMENT

[0002] Not Applicable.

MICROFICHE/COPYRIGHT REFERENCE

[0003] Not Applicable.

FIELD OF THE INVENTION

[0004] This invention relates to catalytic units for treating an exhaust gas from
a combustion process, such as, for example, catalytic converters, diesel oxidation
catalysts (DOC), and selective catalylic reduction catalysts (SCR) for the
compression engines of automotive vehicles, and more particutarly, to such catalytic
units wherein a support or mounting mat is placed around an outer circumferential
surface of a catalytic carrier structure for supporting the structure within a housing or

shell.
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BACKGROUND OF THE INVENTION

[0005] It is known in the automotive industry to include an exhaust gas
treatment system utilizing one or more catalytic units, such as a catalytic converter,
diesel oxidation catalyst unit, or selective catalytic reduction catalyst unit to improve
the emissions in the exhaust. In such catalytic units, it is common for a catalyst to be
carried as a coating on a supporting substrate structure, such as a ceramic substrate
having a monolithic structure. Typically, such catalyst carriers are oval or circular in
cross section and are often wrapped with a layer of a support or mounting mat that is
positioned between the catalyst carrier and the outer housing or shell of the unit to
help protect the catalyst carrier from shock and vibrational forces that can be
transmitted from the housing to the carrier. Typically, the support or mounting mat is
made of a heat resistant and shock absorbing type material, such as a mat of glass
fibers or rock wool. These mais have typically been treated with a binder that
improves the ability of workers to handle the mat when the mats are cut to size and
during wrapping of the mat and assembly of the catalytic units. While such

constructions work for their intended purpose, there is always room for improvement.

[0C06] Traditionally, such constructions have involved a single layer of mat
wrapped around the catalyst carrier. The mats in these constructions are formed
from rolls of mat material that are first cut into sheets, and then treated with a binder
before being die cut to the desired width and length for wrapping. While the process
is satisfactory for its intended purpose, it produces a significant amount of scrap from
the mat material (up to 30% of yield on average), requires the use of binder because
of the handling required for the die cuts mats during manufacturing and assembly
and requires that inventories of different part numbers be maintained for each
different size and shape of die cut required for each specific catalytic unit design.

Fig. 1 is an illustration of this process.

[6007] Typically in such constructions, the support mat is compressed

between the outer housing or shell of the catalytic unit and the catalyst carrier in
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order to generate a holding force on the catalyst carrier. However, this can be
difficult to maintain accurately because of variabilities in the density of the support
mat as it is provided before assembly into such units. One known method of
providing the desired assembled density for the support mat is to reduce the size of
the housing or shell of the unit after the catalyst carrier and the support mat have
been placed inside the shell, with the final outside diameter of the shell being

determined based upon the desired assembled density for the support mat.

SUMMARY OF THE INVENTION

[0008] In one feature, a catalytic unit is provided for treating an exhaust gas
from a combustion process. The catalytic unit includes a catalyst carrier, and at
least one fayer of support mat wrapped around the catalyst carrier, the support mat

being free of any binder.

[0009] In another feature, a target outer shell diameter for a catalytic unit
construction having a catalyst carrier wrapped in a support mat contained in the
outer shell is calculated based upon the actual annutar volume of the mat between
the catalyst carrier and the inner diameter of the shell required to achieve the desired

mat density.

[0010] As another feature, the mass/weight of the support mat for a given
catalytic unit is determined indirectly by first weighing the catalyst carrier and the
outer housing or shell as individual components, then weighing the entire assembled
weight of the catalyst carrier, support mat and outer shell, and subtracting the weight

of the outer shell and the catalyst carrier from the assembled weight.

[0011] In another feature, the yield efficiency of the support mat is improved
by eliminating waste associated with the conventional die cutting process, and by
reducing the inventory associated with the multiplicity of part numbers required for

the conventional die cutting process. In this regard, a bulk roll of the support mat is
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provided on an “as-needed” or “just-in-time” basis and is slit across its width to
produce a plurality of end unit specific mat rolls, with each of the end unit specific
mat rolls having a width that is specific to a particular configuration or design of
catalytic unit. Waste can further be cut by careful selection of the length of support
mat provided on the bulk roll, or by careful selection of the length provided on each
of the end unit specific support mat rolls that are slit from the bulk roll, or by careful
selection of the lengths of support mat cut from each end unit specific support mat
roll when producing the catalytic units associated with that end unit specific roll, or by

a combination of one or more of all of the foregoing.

[0012] In another aspect, the leading and trailing edges of the support mat are
cut at an angle to reduce the variation in material density that would typically occur in
conventional constructions where the leading and trailing edges of the mat are
overlapped or underlapped by an adjacent layer of the support mat when wrapped

around a catalyst carrier.

[0013] In another aspect, the variation in mat density in the areas where the
leading and trailing edges are overlapped or underlapped by an adjacent layer of
support mat is reduced by optimizing the number of layers in the wrapping of the
support mat around the catalyst carrier.

[0014] Other objects, features, and advantages will become apparent from a

review of the entire specification, including the appended claims and drawings.

[0015] Other objects, features, and advantages of the invention will become
apparent from a review of the entire specification, including the appended claims and

drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016] Fig. 1 is a diagrammatic representation of a prior art process for

providing a support mat for use in a catalytic carrier;
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[0017] Fig. 2 is a diagrammatic representation of a combustion process and

system incorporating a catalytic unit according to the invention;

[0018] Fig. 3 is an enlarged, partial section view taken along lines 3-3 in Fig.
2;
[0019] Fig. 4 is a diagrammatic representation of a process for providing

support mats for use in the assembling of a catalytic unit according to the invention;

[0020] Fig. 5 is a diagrammatic representation of a process for determining
the mass of a support mat and for assembling a catalytic unit including the support

mat according to the invention;

[0021] Figs. 6a-6b show an example of a shell for the catalytic unit, with Fig.

6a being a perspective view and Fig. 6b being an end view;

[0022] Figs. 7a-7b show an example of a catalvytic carrier for the catalytic unit,

with Fig. 7a being a perspective view and Fig. 7b being an end view; and

[0023}] Figs. 8a-8b show an example of a single layer support mat for the
catalytic unit, with Fig. 8a being a plan view of the mat in a flattened state and Fig.

8b being a perspective view of the mat in a wrapped state.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

[0024] With reference to Fig. 2, a catalytic unit 10 is shown for treating an
exhaust gas 12 from a combustion process, such as from a combustion compression
engine 14. The catalytic unit 10 is part of an exhaust gas treatment system 16,
which can include other exhaust gas treatment components 18, either upstream or
downstream or both from the catalytic unit 10. The components 18 can be of any
suitable type and construction and can include mufflers, diesel particulate fiiters,
injectors, and valves, such as exhaust gas recirculation valves, by way of a few

examples.
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[0025] As seen in Fig. 3, the catalytic unit 10 includes a catalyst carrier or
substrate 20 and one or more layers 22 of support mat 24 wrapped around the

carrier 20 and sandwiched between the carrier 20 and an outer housing or shell 30.

[0026] While the catalyst carrier 20 can be of any suitable type and
construction, many of which are known, in the preferred embodiments shown in Figs.
2 and 3, the carrier 20 is a monolithic structure of porous ceramic carrying a catalyst
coating that is suitable for the intended function of the unit 10, such as, for example,
a suitable oxidation catalyst or a suitable selective catalytic reduction catalyst.
Preferably, the carrier 20 has an outer surface 32 that extends parallel to a
longitudinal axis 34, best seen in Fig. 1, which will typically coincide with the flow
direction of the exhaust 12 through the unit 10. While any suitable cross section can
be used, including for example oval, elliptical, triangular, rectangular, and hexagonal,
the preferred embodiments shown in Figs. 2 and 3 have circular cross sections that
are centered on the axis 34 to define a cylindrical shape for the carrier 20, the outer

surface 32 and an outer surface 36 for the shel] 30.

[0027] Each layer 22 of support mat 24 may be made from any suitable
material, many of which are known, including, for example, glass fiber mats or rock
wool mats. In one preferred form, the mat 24 is free of any binder. In this regard, it

is preferred that the mat 24 be wrapped and canned in an automated process.

16028] Fig. 4 ilfustrates an inventive method of providing a support mat for one
or more specific catalytic unit designs 10. As shown in Fig. 4, a continuous blanket
of support mat 37 is formed at a needling station 38 and coiled onto spindles to form
bulk rolls 40 of the support mat which are then packaged and shipped for storage in
a warehouse. The bulk rolls 40 are then pulled from storage by the end user on an
‘as-needed” or so-called “just-in-time” (JIT) basis for a slitting operation 41 wherein
each bulk roll 40 is slit along its width W to form a plurality of end unit specific
support mat rolls 42, with each of the end unit specific support mat rolls 42 having a
width Wg that is specific to a particular configuration/design of catalytic unit 10.

Preferably, no binder is used in the rolls 40 and 42 because the inventive process
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does not require the use of binders. Binder free material offers advantages in cost,
secondary emissions, and low temperature behavior of the units 10. Once the bulk
roll 40 is slit for the individual programs, the end unit rolls 42 can be provided for
cutting fo length and assembly of the support mat 24 onto the substrate in a canning

process 44.

[0029] In one preferred form, the original width W of each of the bulk rolls 40
is selected based upon the desired widths Wgyy for each of the end unit support mat
rolls 42 that are to be slit from the bulk roll 40 based upon an addition of the desired
widths Wry, with an accounting for any loss in width due to the slitting process 41.
In another preferred form, the desired widths W to be slit from a bulk roll 40 are
selected based upon the width W of the bulk roll 40 in order to minimize the scrap
from the bulk roll 40 as a result of the slitting process 41. Additionally, in one form it
is preferred that the length of each of the individual support mats 24 cut from an end
unit support mat roll 42 be selected based upon an integer divider of the total length
of the support mat in the roll 42 so as to minimize or eliminate any scrap from the roll
42. Alternatively, the total length of the original bulk roll 40 can be selected based
upon a multiplier of the desired cut length for the individual support mats 24 for one
or more of the units 10 that will utilize the bulk roll 40, again to minimize waste. In
one preferred form, a fixed length of the support mat 24 is cut from the unit specific
roll 42 to form the support mat 24 for each of the individual units 10 being
assembled. As another alternative, the total length of mat on each of the unit
specific rofls 42 can be selected based upon a multiplier of the desired cut length of
the mat 24 for the specific unit 10 of the roll 42, again to minimize waste. In another
form, to account for variances in the size of the substrate 20, rather than utilizing a
fixed cut length, the length for each individual support mat 24 is calculated based on
the measured diameter Dgupsiate Of the specific substrate 20 to which it will be
wrapped so that for any particular end unit 10, the mat 24 and substrate 20 are

customized to fit each other.
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[0030] To illustrate some of the above concepts, a sample analysis is shown
below that seeks to minimize the scrap associated with slitting a variety of support
mats 24 from a bulk roll 40 having a width of 1280 mm and a length of support mat
on the bulk roll 40 of either 74.2 m or 80 m. The first table illustrates the analysis
wherein the length of each of the various support mats 24 is optimized to minimize
scrap from the end of the length of the mat on the bulk roll 40, and the second table
shows the analysis for an optimization in the width of the end unit specific rolls 42

that can be cut from the bulk roll 40.

[0031] Analysis of mat slitting yield based on mat roll length

£ % = = 2 w & = s 3

55 3% B e % s§  3§° Iy e B 23

8.5 4 TG 3.9 18 10 10 19 74.2 0.1 0.13%
85 11 196 38 6 10 94 19 74.2 0.1 0.13%
8.5 4 70 43 18 10 10 17 74.2 1.1 1.48%
9.5 11 196 43 6 10 g4 17 74.2 1.1 1.48%
8.5 12 230 4.3 5 16 120 17 74.2 1.1 1.48%
10 45 83 4.5 15 10 25 16 74.2 2.2 2.96%
10 12.5 230 4.5 5 10 120 16 74.2 2.2 2.96%
12 4.5 a0 53 14 10 10 15 80 0.5 0.63%
12 13.5 260 5.3 4 10 230 15 80 0.5 0.63%
13 525 100 57 12 10 70 14 80 0.2 0.25%
13 6.25 128 57 10 10 10 14 80 0.2 0.25%
13 8 134 57 9 10 64 14 80 0.2 0.25%
13 15 298 57 4 10 78 14 80 0.2 0.25%
13 17 342 57 3 10 244 14 10 0.2 0.25%
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gg Quantity of Slit widths yielded from full roli : é
g £%
342 298 260 230 198 134 126 100 90 70 % loss
342 3 0 0 1 0 0 0 0 0 0 1256 1.9%
298 4 0 0 0 0 ¢ 0 0 1 1262 1.4%
260 4 1 0 0 0 0 0 0 1270 0.8%
230 5 0 0 0 1 0 0 1250 2.3%
196 6 0 ) 0 0 1 1248 2.7%
134 9 0 0 0 0 1206 5.8%
126 10 0 0 0 1280 1.6%
100 12 0 1 1270 0.8%
90 14 0 1260 16%
70 18 1260 1.6%
[0032] The calibrated or sized ouiside diameter Dy, for the case or shell 30 is

preferably calculated based on a desired installed Mat Density (IMD) which is
calculated based upon the actual annular volume desired for the support mat 24 in
the gap 46 between the outer surface 32 of the catalyst carrier 20 and an inner
surface 47 of the shell 30 after it has been sized/calibrated. This method is
contrasted with a conventional method that utilizes a Gap Bulk Density (GBD) which
is also sometimes referred to as Mat Mount Density which is calculated based upon
a linear or flat volume for the support mat 24. More specifically, GBD is typically
calculated based upon a Basis Weight (BW) which is the mass or weight for a given
width and length of support mat, which is provided in terms of mass or weight per
unit area, such as, for example, g/m?. The GBD is then calculated by dividing the
basis weight by the gap 46.
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[0033] Under the IMD method, the weight my. of the mat 24 is divided by the
desired IMD and the mat width B,5 to determine the desired annular cross-sectional
area Aga, of the gap 46 between the shell 30 and the carrier or substrate 20. The
cross-sectional area Agusirare Of the substrate 20 is then calculated based on the
substrate diameter Dsypstrate and added to the cross-sectional area Aggp, of the gap 46
to determine a target cross-sectional area Acase for the inside diameter of the shell
30. The cross-sectional area Auncaibraes Of the uncalibrated (undeformed) shell
(case) 30 can be calculated based upon its uncalibrated (undeformed) inside
diameter ID and its uncalibrated (undeformed) outside diameter OD which can in
turn be calculated from the wall thickness t of the shell 30. Alternatively, the cross-
sectional area Auncasibrates Of the uncalibrated shell 30 can be calculated based upon
the weight mgsne) Of the shell 30, the length of the shell 30, and the density of the shell
30. It is assumed that this cross-sectional area Ajncaibrates Of the shell 30 will be
maintained in the calibrated (deformed) state and accordingly the shell cross-
sectional area Auncalibrated 1S added to the target cross-sectional area Acase for the
inside diameter of the shell. The target outer diameter Dg.se for the calibrated
(deformed) shell 30 is then calculated by taking this total area and dividing it by
and multiplying it by four (4). The equations for the IMD method are shown in detail

below, together with a sample calculation:

[0034] IMD = Installed Mat Density [kg/m®}

[0035] Dsubsrate = £QUivalent substrate diameter frmm]

[0036] Asubsiate = CTOSs sectional area of the substrate [mm?)

[0037] Mgt = support mat weight w/o binder [g]

[0038] Agap = cross sectional area of the gap [mm?]

[0039] Bmat = support mat width [mm]

[6040] Astei = target cross sectional surface of the shell that is to calibrate [mm?]

[0041] Dease = equivalent target outer diamater / calibrated diameter of the shell [mm]
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[0042]
[0043]

[0044]
[0045]
[0046]
[0047]
[0048]
[0049]
[0050]
[0051]

[0052]

[0053]
[0054]
[0055]
[0056]

[0057]

-11-

t = wall thickness of the shell imm]

Vgap = gap volume [mm?)

IMD[kg/m?|= Zra!

Vaap
Calcdation — cross sectional gap area
— Agap = 1281.53mm”
~— Bat = 84mm (according to drawing)

— IMD = 437.10kg/m® (target IMD, according to drawing)

Mimat 35.85g _ 8153 2
= = = R mm
Agap IMD*Brat 437 lkg/m**84mm 12

Calculation — target cross sectional area of the shell that is to calibrate
Acase™ Aypstrate™ Agap™ 11002.7mm? + 1283.53mm? = 12284.24mm?
Calculation = Area of uncalibrated shell

T 2 2
Auncalibraiedz (ODcase - |Dcase)

Calculation — equivalent target outer shell diameter

D e 30Rcase + Apncaliveated)
case -

Alternate calculation using shell thickness

“ * 2
Dogse = [T00 4 ot = [FIZHHOT, 54q o = 127.463mm

As another example, a comparison calculation can be made between

the conventional gap bulk density (GBD) method of calculation and the inventive

installed mat density (IMD) method of calculation for a construction having a mat

weight of 47.64 grams, a mat length of 39.7 cm, a mat width B,,. of 6.45 cm, a basis

weight (BW) of 0.1860 g/cm?, a target gap of 0.42 cm and a target cross-sectional

gap area Agy, Of 16.18 cm” as follows:
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2
[0058] Gap Bulk Density (inear based calculation) = BWigap = 9»»%522%‘;& = 0.443g/icm”
. : . Mmat 4764g 2
= = =(0.457g/
installed mat density {volume based calculation) A xBuoa)  (16.180m% x6.450m] g/cm

gap

[0059] With reference to Fig. 5, a canning process is shown wherein the
mass/weight mn of the support mat 24 used in the assembled unit 10 is determined
indirectly by first weighing both the carrier or substrate 20 and the shell 30 before
assembly, then weighing the assembled unit 10 after the substrate 20, support mat
24, and shell 30 have been assembled, and determining the weight of the support
mat 24 by subtracting the weight of the shell 30 and the weight of the substrate 20
from the weight of the assembled unit 10 (Mmat = Massemby - Mshett - Maubstrate).  1He
mass/weight mea of the support mat 24 is then utilized to calculate a target shell size
Dease- In this regard, the target shell size D, can be calculated based upon a target

gap, a target gap bulk density (GBD), or a target installed mat density (IMD).

[0060] As best seen in Fig. 3, in one preferred embodiment, the leading and
trailing edges 50 of the support mat 24 are cut at an angle, rather than being cut
perpendicular, in order to create a more gentle transition in the area where the edges
50 underlay or overlay an adjacent layer 22 of the support mat. In addition to
providing a more gentle transition, this structure tends to fill an air gap that would be
created by a perpendicular cut according to conventional methods. This reduces the

variation in density that would otherwise be associated with such an air gap.

[0061] Additionally, the number of layers 22 in the wrap is preferably selected
to minimize the decrease in density in the underlap/overiap areas to ensure that the
density is sufficient to prevent problems with erosion. It will be appreciated that, in
general, the greater number of layers 22 in the wrap, the less effect on density there
is in the underlap/overlap areas. In this regard, the upper limitation on the number of
layers 22 in a wrap will be dependent upon the fragility of the material of the support
mat and upon the cycle time of the unit. In one preferred embodiment, there are four

layers 22 in the wrap.
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[0062] As another option for determining the weight my,; of the support mat
24, during the initial production of the bulk roll 40, the weight of the spindle 39 is
determined and subtracted from the total weight of the combined spindle 39 and roll
40 to provide a weight for the support mat on the roll 40. This weight is then divided
by the total length of support mat on the roll 40 and the by the width W of the support
mat on the roll 40 to provide an average bulk weight for the roll 40 in weight/area.
The weight of each individual support mat 24 for any particular assembly 10 would
then be determined by multiplying this average bulk weight by the width and length
of the mat 24. In situations where each support mat 24 is cut to a fixed length for a
particular construction of the unit 10, the shell outer diameter D s could then be
fixed based on an initial calculation for all of such units 10 manufactured from a roll
42.



WO 2010/056738 PCT/US2009/064017

-14-

CLAIMS

1. A method of achieving an installed mat density (IMD) in a catalytic unit
having at least one layer of support mat sandwiched between a catalyst carrier and a
shell, the mat having a weight mna and a width Bna, the catalyst carrier having a
cross-sectional area Asusirate, the method comprising the steps of:

calculating a desired annular cross-sectional area Agsp of a gap between the

catalyst carrier and the shell based on the following calculation:
- Mmat
Agap = MDD Bt

calculating a target cross-sectional area Acase for an inside diameter of the

shell based on the following calculation:
Acase = Asubstra{e"' Aga;:-

calibrating the shell to achieve the calculated Acase after the catalyst carrier

and support mat are assembled into the shell.

2. The method of claim 1 wherein myy is determined by weighing the shell
before assembly with the catalyst carrier and the support mat, weighing the catalyst
carrier before assembly with the shell and the support mat, weighing the assembled
shell/mat/catalyst carrier, and then calculating the weight mua by subtracting the
weight of the shell and the weight of the catalyst carrier from the weight of the

assembled shell/mat/catalyst carrier.
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3. The method of claim 1 wherein mu is determined by finding the tota!
weight of support mat on a bulk roll of support mat from which the support mat for
the catalytic unit is to be cut, dividing the total weight by the width of the bulk roll and
the total length of the support mat on the bulk rolf to provide an average bulk weight
of the support mat of the bulk roll in weight/area, and then multiplying the average
bulk weight by the width and iength of the support mat.

4. The method of claim 1 wherein:

a calibrated outside diameter D¢gse is calculated using the following equation:

case —
T

D - \/ 4 (Acase"' Auncaiibrated)

where Ajncainrated 18 the uncalibrated annular cross-sectional area defined
between an uncalibrated inside diameter of the shell and an uncalibrated ouiside
diameter of the shell; and

the calibrating step comprises reducing uncalibrated outside diameter of the
shell to the calibrated outside diameter D gge.

5. The method of claim 1 wherein the mat is fee of binder.
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6. A method of assembly catalytic units, each catalytic unit including a shell, a
catalyst carrier, and a multi-layer support mat sandwiched between the shell and the
catalyst carrier, the method comprising the steps of:

providing a bulk roll of support mat having a width extending parallel to a
central axis of the roll;

slitting the bulk roll to form a plurality of end unit specific mat rolis, with each
end unit specific mat roll having a width that is specific to a particular configuration of
catalytic unit; and

cutting desired lengths of support mat from each of the end unit specific mat
rofis and assembling the lengths of support mat into the particular configuration of
catalytic unit corresponding to the end unit specific mat roll from which the length of

support mat is cut.

7. The method of claim 6 wherein the width of the bulk roll is selected based
upon the desired widths for each of the end unit specific mat rolls to be cut from the
bulk roll.

8. The method of claim 6 wherein the end unit specific mat rolls to be cut
from the bulk roll are selected based upon the width of the bulk roll to minimize the

scrap from the bulk roll.

9. The method of claim 6 wherein the lengths of support mat are selected
based upon an integer divider of the length of support mat in each end unit specific

mat roll.

10. The method of claim 6 wherein the length of support mat in the bulk roll is
selected based upon a multiplier of the lengths of support mat to be cut from the end

unit specific mat rolls.
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11. The method of claim 6 wherein the length of each support mat cut from
an end unit specific mat roll is calculated based upon the measured diameter of the

particular catalyst carrier around which the length of support mat will be wrapped.

12. The method of claim 6 wherein the support mat is free of binder.

13. The method of claim 6 further comprising the steps of:
calculating a desired annular cross-sectional area Ag, of a gap between the

catalyst carrier and the shell based on the following calculation:

A - _ Mimat
998 IMD*Baar

where mqy = support mat weight
Bmat = support mat width;
calculating a target cross-sectional area Acase for an inside diameter of the
shell based on the following calculation:
Acase = Asupstrate TAgap
where Agupsirate = Cross sectional area of the catalyst carrier; and
calibrating the shell to achieve the calculated A after the catalyst carrier

and support mat are assembled into the shell.
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14. A catalytic unit for treating an exhaust gas from a combustion process,
the catalytic unit comprising:

a shell;

a catalyst carrier in the shell; and

a length of support mat extending between a leading edge and a trailing edge,
the length of support map being wrapped around the catalyst carrier to form a
plurality of support mat layers, the leading and trailing edges of the support mat
being beveled to reduce variation in material density in the layers of support mat

overlying and underlying the leading and trialing edges.

15. The catalytic unit of claim 14 wherein the number of layers of support mat
is optimized to reduce the variation in mat density in areas where the leading and

trailing edges are overlapped or underlapped by an adjacent layer of support mat.

16. The catalytic unit of claim 14 wherein the support mat is free of binder.

17. A catalytic unit for treating an exhaust gas from a combustion process,
the catalytic unit comprising:

a shell;

a catalyst carrier in the shell; and

a plurality of fayers of support mat wrapped around the catalyst carrier and
sandwiched between the catalyst carrier and the shell, the support mat being free of

any binder.



PCT/US2009/064017

1/5

WO 2010/056738

= dvHOS
=y HIHLO
= =
AN ONINNYD AU ISNOHILYM Au
W = QA 003
>mmb__,._mm ONOWIOVd STy ozmwﬁw\wm_a SHIMddNS INOS
1no 3ia NW
O ENC —
1V — ;
Z H3lL OL _HV . m
ONIddIHS Suins -
ONIDYIOV 139Hs SSANMOIHL  ONILLND 3d
13S aNY
H3ANIE 3HND
AW B [ I ]
<l = I e—
& Aﬂ EE U SNONNLINGD <
IIziziiizi pIIITNY LIt ANIT dNAVT AHQ
Ll ]
Janigg SNOMVLS ONMA3aN .
 OINOdN (14y 4014]) N 1 nm\
azloo LYW .



PCT/US2009/064017

2/5

WO 2010/056738

Alvdisansg., |

A
.NJ\-

: 7
Hm &C T/



PCT/US2009/064017

WO 2010/056738

3/5

(Lt

@Y
25 M d3ddvdos
[ bp = HAHLO
3NIT ONINNYD A“U () ﬂv
- ©l | 39 v 3W0S
4 M 0% dvHOS
ONILLITS
SWYHDOHd TYNAIAIGNI
HO ONILLITS Lir
_||“ > |DNIddIHS nv ASNOHIHYM _HHV ONiddIHS
ONISYMOY AHIAITEA
e
B O I Y A I ]
=l 1= I e—
A” SEEE u SNONNLLNGO <
6c  fIziiiiiiiy izl faiiii: . AN dNAYT AHC
o TiaNigs  SNOLLVLS BNMa3aN /€ .
O.INO dn V w 1 M
az1o0 1vW gc .



PCT/US2009/064017

WO 2010/056738

mm&a
HI13NVIC SSANMDIHL
QaLYHaIv) T1EHS |
AJIHIA
X A_umxm Ev
v SSYIN TI3HS oc
0 T13HS (Feuiy)
JIVHAMYD SSYIN |
1VIN

x 0€ T13HS

A EMmmm HOIFM

3218 T1ans| || | _Dm S w)
1394vL
: >.mm§»mmm< ‘ SANIL
Lo T1diINN
< ATENISSY Nw, Mwmw,%m.% HOIONO | HLONTT OL
oz ALvdisans|®
HOIM ANY 2 LY 4401S A ve LYN.LNO
b2 1YIN dVHM
3 ¥e A7
(erensqns p)
d313nvid 02 31v4138NS
A1LvH.LisSans HOI3M
m ..%N MN IHNSYIN
HALTWYIQ | | [ (PFRASANSy) 0
JLlvdisans SSVYW

3ivdisdns




00000000000000000




INTERNATIONAL SEARCH REPORT International application No.
PCT/US 09/64017

A. CLASSIFICATION OF SUBJECT MATTER
IPC(8) - FO1N 7/00, 3/08 (2009.01)
USPC - 423/235; 422/172

According to International Patent Classification (IPC) or to both national classification and IPC

B.  FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)
IPC(8) -- FO1N 7/00, 3/08 (2009.01) and USPC -- 423/235; 422/172

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched
IPC(8) -- FOIN$ and USPC -- 422/177

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)
PubWest (PGPB,USPT,USOC,EPAB,JPAB); USPTO; Espacenet; Google Patents; Google Scholar; Google -- please see extra sheet for
Search Terms Used

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X US 4,865,818 A (Merry et al.) 12 September 1989 (12.09.1989) Figs 1 and 2; col 2, In 49-60; | 1, 3, 6-11, 13-15
- col 3, In 24-28; col 3, In 28-41; col 3, In 42-51; col 3, In 62-65; col 3,In 66 to col 4, In 3; col 4, In | —--ooeereeem-
Y 3-27 2,4,5,12, 16-17
Y US 2004/0052698 A1 (Sanocki et al.) 18 March 2004 (18.03.2004) para [0058]) 5,12,16,17
Y US 2002/0057998 A1 (Foster et al.) 16 May 2002 (16.05.2002) Figs 1 and 2; para [0008}; 2,4
[0019); [0022]; [0026]
Y US 2001/0036427 A1 (Yamada et al. ) 01 November 2001 (01.11.2001) para [0016] 2,4
A US 4,782,661 A (Motley et al.) 08 November 1988 (08.11.1988) Figs 3-7; col 2, In 30-66; col 1-5,8,12-17
6,In501t0col 7,1n 12
A US 2006/0045824 A1 (Foster et al.) 02 March 2006 (02.03.2006) Fig 7; Fig 10; para [0021]; 1-5,8,12-17
[0040])
D Further documents are listed in the continuation of Box C. I:___I
*  Special categorics of cited documents: “T"  later document published after the international filing date or priority
“A” document defining the general state of the art which is not considered date and not in conflict with the application but cited to understand
to be of particular relevance the principle or theory underlying the invention
“E” earlier application or patent but published on or after the international  “X" document of particular relevance; the claimed invention cannot be
filing date considered novel or cannot be considered to involve an inventive
“L” document which may throw doubts on priority claim(s) or which is step when the document is taken alone
cited to establish the publication date of another citation or other “y" document of particular relevance; the claimed invention cannot be
special reason (as specified) considered to involve an inventive step when the document is
“O" document referring to an oral disclosure, use, exhibition or other combined with one or more other such documents, such combination
means being obvious to a person skilled in the art

“P”  document published prior to the international filing date but later than  «g» Jocument member of the same patent family
the priority date claimed

Date of the actual completion of the international search Date of mailing of the international search report
30 DECEMBER 2009 (30.12.2009) 2 6 JAN ZO]O

Name and mailing address of the ISA/US Authorized officer:
Mail Stop PCT, Attn: ISA/US, Commissioner for Patents Lee W. Young
P.O. .BO).( 1450, Alexandria, Virginia 22313-1450 PGT Helpdesk: 571-272-4300

Facsimile No.  571.273-3201 PCT OSP: 571-272-7774

Form PCT/ISA/210 (second sheet) (July 2009)



INTERNATIONAL SEARCH REPORT International application No.

PCT/US 09/64017

Search Terms Used:

ANNULUS OR ANNULAR CALCULAT$ CALIBRATS CASE CASING CAN CANNING CATALYTIC CONTAINER CONVERTER CORE
CROSSSECTIONAL AREA DENSITY DIAMETER DIESEL FIBERGLASS FIBER-GLASS FILTER DIESEL TRAP EXHAUST GAS
EXHAUST EMISSION GAP GLASS FIBER HOUSING MEASUR$ MINERAL WOOL MULTIPLE-LAYERS MULTIPLE LAYERS
MULTILAYERS MULTI-LAYERS MOUNT DENSITY ROCK WOOL SHELL SUBTRACT$ SUPPORT LAYER SUPPORT MAT SUPPORT
MATERIAL TARE WEIGHS

Form PCT/ISA/210 (extra sheet) (July 2009)



	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - claims
	Page 16 - claims
	Page 17 - claims
	Page 18 - claims
	Page 19 - claims
	Page 20 - drawings
	Page 21 - drawings
	Page 22 - drawings
	Page 23 - drawings
	Page 24 - drawings
	Page 25 - wo-search-report
	Page 26 - wo-search-report

