US 20120247091A1

a9 United States

a2y Patent Application Publication o) Pub. No.: US 2012/0247091 A1l

OGYU 43) Pub. Date: Oct. 4, 2012
(54) EXHAUST GAS CONVERSION SYSTEM AND Publication Classification
EXHAUST GAS CONVERSION METHOD
(51) Imt.CL
(75) " Inventor: Kazutake OGYU, Ibi-Gun (IP) (52) 50811\5/10 ................... (20 0601) ................... 60/295
(73) Assignee: IBIDEN CO., LTD., Ogaki-Shi (57) ABSTRACT
Jp
(P) An exhaust gas conversion system includes an oxide catalyst,
(21) Appl. No.: 13/304,688 a filter, a selective catalytic reduction catalyst and an ammo-
nia supplying device. The oxide catalyst, the filter and the
(22) Filed: Nov. 28, 2011 selective catalytic reduction catalyst are sequentially
arranged in a direction in which an exhaust gas flows in an
(30) Foreign Application Priority Data exhaust path of a diesel engine. The ammonia supplying
device is positioned between the oxide catalyst and the filter
Mar. 29,2011 (JP) woorerere. PCT/JP2011/057854 and configured to supply ammonia.

EXHAUST o
GAS

AMMONIA ) 12
112 111 140

113

e

122 121 150 132 131



Patent Application Publication Oct. 4,2012 Sheet 1 of 4 US 2012/0247091 A1

1
132 131

133

150

FIG.1
1
122 121

4
AMMONIA S 193
14

(
)

1
)
112 111

113

—

EXHAUST
GAS



Patent Application Publication Oct. 4,2012 Sheet 2 of 4 US 2012/0247091 A1

FIG.2




Patent Application Publication Oct. 4,2012 Sheet 3 of 4 US 2012/0247091 A1

FIG.4

TMa—THHQAHAAEEH
IZEEEEE
Hb—TOooozooud
EEEEEEEEE
EiEEEEEEEE
EiEEEEEEEE
EiEEEEEEEE
Cooooozo
miEiEEEEEEE




Patent Application Publication

F1G.o

Oct. 4,2012 Sheet 4 of 4

o
(8]

210

US 2012/0247091 A1

213

(
)
131

)
212

(
)
121

270
I

I

o

/

/
AMMONIA

140

—>

EXHAUST
GAS

113



US 2012/0247091 Al

EXHAUST GAS CONVERSION SYSTEM AND
EXHAUST GAS CONVERSION METHOD

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] The present application claims priority under 35
U.S.C. §119 to International Application No. PCT/JP2011/
057854, filed on Mar. 29, 2011. The contents of this applica-
tion are incorporated herein by reference in their entirety.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to an exhaust gas con-
version system and an exhaust gas conversion method.
[0004] 2. Discussion of the Background

[0005] Conventionally, as one of the automotive exhaust
gas converting systems, an SCR (Selective Catalytic Reduc-
tion) system has been known in which NOx is reduced to
nitrogen and water by using ammonia.

[0006] IntheSCR system, zeolite is known as a material for
absorbing ammonia.

[0007] In Japanese Laid-Open Patent Publication No.
2000-303826, an exhaust gas conversion apparatus is dis-
closed. The exhaust gas conversion apparatus in Patent Docu-
ment 1, which includes an apparatus having an SCR catalyst
for reducing NOx provided in a exhaust path of a diesel
engine, a DOC (Diesel Oxidation Catalyst) and a DPF (Diesel
Particulate Filter) serially provided in this order from an
upstream side of the SCR catalyst, supplies and ejects ammo-
nia from an exhaust path between the DPF and the SCR
catalyst.

[0008] The contents of Japanese Laid-Open Patent Publi-
cation No. 2000-303826 are incorporated herein.

SUMMARY OF THE INVENTION

[0009] According to one aspect of the present invention, an
exhaust gas conversion system includes an oxide catalyst, a
filter, a selective catalytic reduction catalyst and an ammonia
supplying device. The oxide catalyst, the filter and the selec-
tive catalytic reduction catalyst are sequentially arranged in a
direction in which an exhaust gas flows in an exhaust path of
a diesel engine. The ammonia supplying device is positioned
between the oxide catalyst and the filter and configured to
supply ammonia.

[0010] According to another aspect of the present inven-
tion, an exhaust gas conversion method includes converting
an exhaust gas by using the exhaust gas conversion system.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] A more complete appreciation of the invention and
many of the attendant advantages thereof will be readily
obtained as the same becomes better understood by reference
to the following detailed description when considered in con-
nection with the accompanying drawings, wherein:

[0012] FIG. 1 is a schematic diagram illustrating an
example of an exhaust gas conversion system according to an
embodiment of the present invention;

[0013] FIG. 2 is a perspective view illustrating an example
of'an SCR catalyst of FIG. 1;

[0014] FIG. 3 is a perspective view illustrating another
example of the SCR catalyst of FIG. 1;

[0015] FIG. 4 is a perspective view illustrating a honey-
comb unit constituting the SCR catalyst of FIG. 3; and
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[0016] FIG. 5 is a schematic diagram illustrating other
example of an exhaust gas conversion system according to an
embodiment of the present invention.

DESCRIPTION OF EMBODIMENTS

[0017] Anembodiment of the present invention can obtain
an exhaust gas conversion system and an exhaust gas conver-
sion method that enable reduction of the space for positioning
the exhaust gas conversion apparatus while maintaining NOx
conversion efficiency.

[0018] The embodiments will now be described with refer-
ence to the accompanying drawings, wherein like reference
numerals designate corresponding or identical elements
throughout the various drawings

[0019] FIG. 1 illustrates an example of an exhaust gas con-
version system according to an embodiment of the present
invention. The exhaust gas conversion system 100 has
exhaust gas conversion apparatuses 110,120, and 130 that are
connected via pipes 140 and 150. In this example, the exhaust
gas conversion apparatus 110 can be manufactured by install-
ing (e.g., canning) a DOC (Diesel Oxidation Catalyst) 111 in
ametal container (shell) 113 in a state where a holding sealing
member 112 is provided at an outer peripheral part of the
DOC 111. Further, the exhaust gas conversion apparatus 120
can be manufactured by installing (e.g., canning) a DPF (Die-
sel Particulate Filter and also simply referred to as “filter”)
121 in a metal container 123 in a state where aholding sealing
member 122 is provided at an outer peripheral part of the DPF
121. Further, the exhaust gas conversion apparatus 130 can be
manufactured by installing (e.g., canning) an SCR (Selective
Catalytic Reduction) catalyst 131 in a metal container 133 in
a state where a holding sealing member 132 is provided at an
outer peripheral part of the SCR catalyst 131. Thereby, the
exhaust gas conversion system 100 enable conversion of the
exhaust gas of a diesel engine.

[0020] Further, the exhaust gas conversion system 100 has
an ammonia supply part 170 inside the pipe 140 provided
between the exhaust gas conversion apparatus 110 and the
exhaust gas conversion apparatus 120. The ammonia supply
part 170 is, for example, an injection nozzle for injecting
ammonia or a compound that generates ammonia by being
decomposed. By supplying ammonia into the pipe 140 with
the ammonia supply part, the SCR catalyst 131 reduces NOx
contained in an exhaust gas.

[0021] The compound that generates ammonia by being
decomposed is not limited in particular as long as the com-
pound can generate ammonia by being heated with exhaust
gas inside the pipe 140. However, it is preferable for the
compound to be urea water because urea water has satisfac-
tory storage stability.

[0022] Thus, urea water generates ammonia by being
heated with exhaust gas and being hydrolyzed inside the pipe
140.

[0023] Intheexhaust gas conversion system 100, ammonia
is supplied into the pipe 140. Therefore, ammonia can be
easily dispersed in a radial direction (i.e. toward the outer
peripheral part) of the SCR catalyst 131 without maintaining
a sufficient distance between the DPF 121 and the SCR cata-
lyst 131. As a result, the space for positioning the exhaust gas
conversion apparatuses 120 and 130 can easily be reduced
while maintaining NOx conversion efficiency. Alternatively,
the exhaust gas conversion apparatus 120 and the exhaust gas
conversion apparatus 130 may be directly connected to each
other by omitting the pipe 150.
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[0024] On the other hand, since ammonia is supplied into
the pipe 150 in a case of an exhaust gas conversion system
according to a related art example, it is necessary to maintain
adistance between the DPF 121 and the SCR catalyst 131 and
diffuse the ammonia in a radial direction (i.e. toward the outer
peripheral part) of the SCR catalyst 131 in order to suffi-
ciently convert NOx contained in the exhaust gas. As a result,
it becomes difficult for the space between the exhaust gas
conversion apparatus 120 and 130 to be reduced.

[0025] The DOC 111 is a honeycomb structural body
including a honeycomb unit. The honeycomb unit of the DOC
111 supports a catalyst and has plural through holes divided
by partition walls and arranged in a longitudinal direction
thereof.

[0026] Although the material constituting the honeycomb
unit of the DOC 111 is not limited in particular, the material
may be cordierite or the like.

[0027] Although the catalyst carried by the honeycomb unit
of the DOC 111 is not limited in particular, the catalyst may
be platinum, palladium, rhodium, or the like. Two or more of
them may be used together.

[0028] A catalyst support layer may be formed in the hon-
eycomb unit of the DOC 111 for supporting the catalyst.
[0029] Although the material constituting the catalyst sup-
port layer of the honeycomb unit of the DOC 111 is not
limited in particular, the material may be alumina or the like.
[0030] Although the holding sealing member 112,122, 132
is not limited in particular, it is preferable for the holding
sealing member 112, 122, 132 to be a mat including an inor-
ganic fiber.

[0031] The DPF 121 is also a honeycomb structural body
including a honeycomb unit. The honeycomb unit of the DPF
121 has plural through holes divided by partition walls and
arranged in a longitudinal direction thereof. The through
holes on one end of the honeycomb unit of the DPF 121 are
sealed.

[0032] Although the material constituting the honeycomb
unit of the DPF 121 is not limited in particular, the material
may be silicon carbide (SiC), silicon carbide bonded silicon
(8iSiC), cordierite, aluminum titanate, etc. However, because
silicon carbide (SiC) or silicon carbide bonded silicon (Si-
SiC) can prevent cracks from being generated even where a
large amount of soot remaining in the DPF 121 is burned, it is
preferable to use silicon carbide (SiC) or silicon carbide
bonded silicon (SiSiC).

[0033] The honeycomb unit of the DPF 121 does not sup-
port a catalyst such as platinum, palladium, rhodium, or the
like. Thereby, the ammonia supplied into the pipe 140 can
easily be prevented from oxidizing. Further, with the DPF 121
having a honeycomb unit that does not support a catalyst, it
becomes difficult for temperature to increase in correspon-
dence with reactions of a catalyst. Therefore, the honeycomb
unit of the DPF 121 can easily maintain strength even where
the thickness of the partition walls of the honeycomb unit is
reduced.

[0034] It is preferable for the partition wall of the honey-
comb unit of the DPF 121 to have a thickness of approxi-
mately 0.10 to approximately 0.18 mm. In a case where the
thickness of the partition wall of the honeycomb unit of the
DPF 121 is less than approximately 0.10 mm or more, it
becomes difficult for the strength of the DPF 121 to decrease.
On the other hand, in a case where the thickness of the
partition wall of the honeycomb unit of the DPF 121 is
approximately 0.18 mm or less, it becomes difficult for the
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pressure loss of the DPF 121 to increase. As a result, the space
for positioning the exhaust gas conversion apparatus 120 can
easily be reduced.

[0035] The SCR catalyst 131 is also a honeycomb struc-
tural body including a honeycomb unit. The SCR catalyst 131
has plural through holes divided by partition walls and
arranged in a longitudinal direction thereof.

[0036] A honeycomb structural body 10 is illustrated as an
example of the SCR catalyst 131 in FIG. 2. The honeycomb
structural body 10 includes zeolite and an inorganic binder.
The honeycomb structural body 10 has a single honeycomb
unit 11 including plural through-holes 11« divided by parti-
tion walls 115 and arranged in a longitudinal direction
thereof. Further, the honeycomb structural body 10 has an
outer peripheral coating layer 12 formed on an outer periph-
eral surface of the honeycomb unit 11 except for both end
faces of the honeycomb unit 11.

[0037] Although the zeolite included in the honeycomb
unit 11 is not limited in particular, the zeolite may be 3 type
zeolite, ZSM-5 type zeolite, a phosphate group zeolite or the
like. Two or more of them may be used together. Among the
zeolites, the phosphate zeolite is preferable for attaining a
satisfactory NOx conversion efficiency.

[0038] The phosphate group zeolite may be a SAPO (silico
aluminophosphate) (e.g., SAPO-5, SAPO-11, SAPO-34 or
the like), a MeAPO (metal aluminophosphate), a MeAPSO
(metallo-aluminosilicophospate) or the like.

[0039] Considering the NOx conversion efficiency, it is
preferable for the zeolite to include a zeolite being ion-ex-
changed with Cu (copper) and/or Fe (iron), and more prefer-
ably ion-exchanged with Cu.

[0040] The zeolite being ion-exchanged with Cu and/or Fe
is preferred to have an ion exchange amount from approxi-
mately 1.0 to approximately 5.0 mass %.

[0041] It is to be noted that the metal ions used in the
ion-exchange of the zeolite are not limited to a Cu ions and/or
Fe ions. Other transition metal ions enabling improvement of
NOx conversion efficiency may be used.

[0042] The average particle diameter of the primary or sec-
ondary particles of the zeolite is preferred to be approxi-
mately 0.5 to approximately 10 um, and more preferably
approximately 1 to approximately 5 um. In a case where the
average particle diameter of the primary or secondary par-
ticles of the zeolite is approximately 0.5 pm or more, it
becomes difficult for exhaust gas to permeate through the
inside of a partition wall 115 such that it becomes easy for the
zeolite to be effectively used for NOx conversion. On the
other hand, in a case where the average particle diameter of
the primary or secondary particles of the zeolite is approxi-
mately 10 um or less, it becomes difficult for the number of
pores of the honeycomb unit 11 to decrease. Accordingly, it
becomes easy for exhaust gas to permeate through the inside
of the partition wall 115 such that it becomes easy for the
phosphate group zeolite to be effectively used for NOx con-
version.

[0043] Thehoneycomb unit11 is preferred to have a zeolite
content by weight per apparent volume from approximately
230 to approximately 400 g/L.. In a case where the zeolite
content by weight per apparent volume is approximately 230
g/LL or more, the apparent volume of the honeycomb unit 11
does not need to be increased in order to improve the NOx
conversion efficiency. On the other hand, in a case where the
zeolite content by weight per apparent volume approximately
400 g/L or less, it becomes difficult for the strength of the
honeycomb unit 11 to become insufficient and difficult for the
aperture ratio of the honeycomb unit 11 to decrease.
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[0044] A solid of, for example, alumina sol, silica sol, tita-
nia sol, soluble glass, sepiolite, attapulgite, boehmite or the
like may be the inorganic binder(s) included in the honey-
comb unit 11. Two or more kinds of inorganic binders may be
used.

[0045] The content as solid content of the inorganic binder
of the honeycomb unit 11 is preferably approximately 5 to
approximately 30 mass %, and more preferably approxi-
mately 10 to approximately 20 mass %. In a case where the
content as solid content of the inorganic binder is approxi-
mately 5 mass % or more, it becomes difficult for the strength
of'the honeycomb unit 11 to decrease. On the other hand, in a
case where the content as solid content of the inorganic binder
is approximately 30 mass % or less, it becomes less difficult
to perform extrusion molding of the honeycomb unit 11.

[0046] In order to increase the strength of the honeycomb
unit 11, it is preferable for the honeycomb unit 11 to further
include one or more materials selected from a group of an
inorganic fiber, a scale-like material, a tetrapod-shaped mate-
rial, or a three-dimensional needle-shaped material.

[0047] Although the inorganic fiber included in the honey-
comb unit 11 is not limited in particular, the inorganic fiber
may be alumina fibers, silica fibers, silicon carbide fibers,
silica alumina fibers, glass fibers, potassium titanate fibers,
aluminum borate fibers or the like. Two or more kinds of
inorganic fibers may be used.

[0048] The aspect ratio of the inorganic fibers is preferably
approximately 2 to approximately 1000, more preferably,
approximately 5 to approximately 800, and still more prefer-
ably, approximately 10 to approximately 500. In a case where
the aspect ratio of the inorganic fibers is 2 or more, it becomes
difficult for the effect of increasing the strength of the hon-
eycomb unit 11 to be reduced. On the other hand, in a case
where the aspect ratio of the inorganic fibers is approximately
1000 or less, it becomes difficult for clogging or the like, for
example, to occur in the molding die when performing extru-
sion molding for forming the honeycomb unit 11. Further, it
becomes difficult for breakage of the inorganic fibers to occur,
such that it becomes difficult for the effect of increasing the
strength of the honeycomb unit 11 to be reduced.

[0049] The scale-like material refers to a planar material. It
is preferable for the scale-like material to have a thickness of
approximately 0.2 um to approximately 5 pm and a maximum
length of approximately 10 um to approximately 160 um. The
ratio of the maximum length of the scale-like material with
respectto the thickness of the scale-like material is preferably
approximately 3 to approximately 250.

[0050] Although the scale-like material included in the
honeycomb unit 11 is not limited in particular, the scale-like
material included in the honeycomb unit 11 may be glass,
muscovite, alumina, silica or the like. Two or more kinds of
the scale-like material may be used.

[0051] The tetrapod-shaped material refers to a material
having a needle-like part extending three-dimensionally. The
average length of the needles of the needle-like part is pref-
erably approximately 5 pm to approximately 30 pm. The
average diameter of the needles of the needle-like part is
preferably approximately 0.5 pm to approximately 5 pm.
[0052] Although the material of the tetrapod-shaped mate-
rial included in the honeycomb unit 11 is not limited in
particular, the material of the tetrapod-shaped material may
be zinc oxide or the like. Two or more kinds of the tetrapod-
shaped material may be used.
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[0053] Thethree-dimensional needle-like material refers to
a material including needle-like parts combined to each other
by an inorganic compound (e.g., glass) at a center area of the
needle-like parts. The average length of the needles of the
needle-like parts is preferably approximately 5 um to
approximately 30 um. The average diameter of the needles of
the needle-like parts is preferably approximately 0.5 pm to
approximately 5 pm.

[0054] Further, the needle-like parts may be connected
three-dimensionally. The diameter of the needle-like parts is
preferably approximately 0.1 um to approximately 5 pm, the
length of the needle-like parts is preferably approximately 0.3
um to approximately 30 pm, and the ratio of the length of the
needle-like parts to the diameter of the needle-like parts is
preferably approximately 1.4 to approximately 50.

[0055] Although the three-dimensional needle-like mate-
rial included in the honeycomb unit 11 is not limited in
particular, the three-dimensional needle-like material may be
alumina, silica, silicon carbide, silica alumina, glass, potas-
sium titanate, aluminum borate, boehmite or the like. Two or
more kinds of the three-dimensional needle-like material may
be used.

[0056] The content of one or more kinds selected from a
group of the inorganic fiber, the scale-like material, the tetra-
pod-shaped material, and the three-dimensional needle-like
material in the honeycomb unit 11 is preferably approxi-
mately 3 mass % to approximately 50 mass %, more prefer-
ably, approximately 3 mass % to approximately 30 mass %,
and still more preferably, approximately 5 mass % to approxi-
mately 20 mass %. In a case where the content of one or more
kinds selected from a group of the inorganic fiber, the scale-
like material, the tetrapod-shaped material, and the three-
dimensional needle-like material in the honeycomb unit 11 is
approximately 3 mass % or more, it becomes difficult for the
effect of increasing the strength of the honeycomb unit 11 to
be reduced. On the other hand, in a case where the content of
one or more kinds selected from a group ofthe inorganic fiber,
the scale-like material, the tetrapod-shaped material, and the
three-dimensional needle-like material in the honeycomb
unit 11 is approximately 50 mass % or less, the content of
zeolite in the honeycomb unit 11 does not decrease so that it
becomes difficult for the NOx conversion efficiency to be
reduced.

[0057] The porosity of the honeycomb unit 11 is preferably
approximately 20% to approximately 50%. In a case where
the porosity of the honeycomb unit 11 is approximately 20%
or more, it becomes easy for exhaust gas to permeate into the
partition walls 115. Thus, it becomes easy for zeolite to be
effectively used for NOx conversion. On the other hand, in a
case where the porosity of the honeycomb unit 11 is approxi-
mately 50% or less, it becomes difficult for the strength of the
honeycomb unit 11 to become insufficient.

[0058] It is to be noted that the porosity of the honeycomb
unit 11 can be measured by using a mercury penetration
method.

[0059] The aperture ratio of the honeycomb unit 11 is pref-
erably approximately 50% to approximately 75%. In a case
where the aperture ratio of the honeycomb unit 11 is approxi-
mately 50% or more, it becomes easy for zeolite to be effec-
tively used for NOx. On the other hand, in a case where the
aperture ratio of the honeycomb unit 11 is approximately 75%
or less, it becomes difficult for the strength of the honeycomb
unit 11 to become insufficient.
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[0060] The density of the through-holes 114 of the honey-
comb unit 11 is preferably approximately 31 units per cm? to
approximately 155 units per cm”. In a case where the density
of'the through-holes 114 of the honeycomb unit 11 is approxi-
mately 31 units per cm® or more, it becomes easy for exhaust
gas and the zeolite to make contact. Thus, it becomes difficult
for the NOx conversion efficiency to be reduced. On the other
hand, in a case where the density of the through-holes 11a of
the honeycomb unit 11 is approximately 155 units per cm or
less, it becomes difficult for the pressure loss of the honey-
comb structural body 10 to increase.

[0061] The thickness of the partition wall 115 of the hon-
eycomb unit 11 is preferably approximately 0.1 mm to
approximately 0.4 mm, and more preferably approximately
0.1 mm to approximately 0.3 mm. In a case where the thick-
ness of the partition wall 1ib is approximately 0.1 mm or more,
it becomes difficult for the strength of the honeycomb unit 11
to decrease. On the other hand, in a case where the thickness
of the partition wall 115 is approximately 0.4 mm or less, it
becomes easy for exhaust gas to permeate into the partition
wall 115. Thus, it becomes easy for the zeolite to be effec-
tively used for NOx conversion.

[0062] The thickness of the outer peripheral coating layer
12 is preferably approximately 0.1 mm to approximately 2.0
mm. In a case where the thickness of the outer peripheral
coating layer 12 is approximately 0.1 mm or more, it becomes
difficult for the effect of increasing the strength of the hon-
eycomb structural body 10 to become insufficient. On the
other hand, in a case where the thickness of the outer periph-
eral coating layer 12 is approximately 2.0 mm or less, the
content of the zeolite per volume unit of the honeycomb
structural body 10 is not reduced. Thus, it becomes difficult
for the NOx conversion efficiency to be reduced.

[0063] Although the shape of the honeycomb structure 10
is substantially cylindrical, the shape of the honeycomb struc-
ture 10 is not limited in particular. The shape of the honey-
comb structure 10 may be a substantially rectangular pillar, a
substantially elliptical pillar, a substantially oval pillar, a sub-
stantially round chamfered pillar (e.g., substantially round
chamfered triangular pillar) or the like.

[0064] The shape of the through-holes 114 is not limited to
a substantially square pillar. The shape of the through-holes
may be a substantially triangular pillar, a substantially hex-
agonal pillar or the like.

[0065] Next, an example of a method for manufacturing the
honeycomb structural body 10 according to an embodiment
of'the present invention is described. First, a raw substantially
cylindrical honeycomb molded body, in which plural
through-holes separated by walls are formed in parallel in a to
longitudinal direction, is manufactured by performing extru-
sion molding using a raw material paste containing zeolite
and an inorganic binder (and according to necessity, one or
more kinds selected from a group of the inorganic fiber, the
scale-like material, the tetrapod-shaped material, and the
three-dimensional needle-like material).

[0066] Although the inorganic binder contained in the raw
material paste is not limited in particular, the inorganic binder
is added as alumina sol, silica sol, titania sol, soluble glass,
sepiolite, attapulgite, boehmite and the like. Two or more
kinds of inorganic binders may be used.

[0067] Further, an organic binder, a dispersion medium, a
molding aid, and the like may be arbitrarily added to the raw
material paste, if necessary.
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[0068] Although the organic binder is not limited in par-
ticular, the organic binder may be methylcellulose, car-
boxymethyl cellulose, hydroxylethyl cellulose, polyethyl-
eneglycol, phenol resin, epoxy resin or the like. Two or more
kinds of organic binders may be used.

[0069] The adding amount of the organic binder is prefer-
ably approximately 1 mass % to approximately 10 mass % of
the total mass of the one or more kinds selected from a group
of the zeolite, the inorganic binder, the inorganic fiber, the
scale-like material, the scale-like particles, the tetrapod-
shaped material, and the three-dimensional needle-like mate-
rial.

[0070] Although the dispersion medium is not limited in
particular, the dispersion medium may be water, an organic
solvent such as benzene, alcohol such as methanol, and the
like. Two or more kinds of dispersion media may be used.
[0071] Although the molding aid is not limited in particu-
lar, the molding aid may be ethylene glycol, dextrin, fatty
acid, fatty acid soap, polyalcohol or the like. Two or more
kinds of molding aids may be used.

[0072] When preparing the raw material paste, it is prefer-
able for the raw material paste to be mixed and kneaded. The
raw material paste can be mixed by using a mixer, an attritor
or the like, and can be kneaded by a kneader or the like.

[0073] Then, the raw honeycomb molded body is dried by
using a drying apparatus such as a microwave drying appa-
ratus, a hot air drying apparatus, a dielectric drying apparatus,
a reduced pressure drying apparatus, a vacuum drying appa-
ratus, and a freeze drying apparatus. Thereby, a dried honey-
comb body is obtained.

[0074] Further, the dried honeycomb body is degreased.
The degreasing conditions can be arbitrarily selected depend-
ing on the amount and kind of organic substances contained in
the dried honeycomb body. However, the dried honeycomb
body is preferably degreased at approximately 400° C. for
approximately 2 hours.

[0075] Then, by firing the degreased honeycomb body, the
honeycomb unit 11 having a substantially cylindrical shape is
obtained. The firing temperature is preferably approximately
600° C. to approximately 1200° C., and more preferably
approximately 600° C. to approximately 1000° C. In a case
where the firing temperature is approximately 600° C. or
more, it becomes easy for the sintering to progress, such that
it becomes difficult for the strength of the honeycomb unit 11
to decrease. On the other hand, in a case where the firing
temperature is approximately 1200° C. or less, the sintering
does not excessively progresses such that it becomes difficult
for the reactive sites of the zeolite to decrease.

[0076] Then, an outer peripheral coating layer paste is
applied onto an outer peripheral surface of the substantially
cylindrical honeycomb unit 11 except for both end faces of
the honeycomb unit 11.

[0077] The outer peripheral coating layer paste is not lim-
ited in particular. The outer peripheral coating layer paste
may be a mixture of an inorganic binder and inorganic par-
ticles, a mixture of the inorganic binder and inorganic fibers,
a mixture of the inorganic binder, the inorganic particles, and
the inorganic fibers or the like.

[0078] Although the inorganic binder included in the outer
peripheral coating layer paste is not limited in particular, the
inorganic binder is added as silica sol, alumina sol, or the like.
Two or more kinds of inorganic binders may be used. Among
the inorganic binders, it is preferable to add silica sol.
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[0079] Although the material constituting the inorganic
particles of the outer peripheral coating layer paste is not
limited in particular, the material may be, for example, a
carbide (e.g., silicon carbide), a nitride (e.g., silicon nitride,
boron nitride) or the like. Two or more kinds of the inorganic
particles may be used. Among the inorganic particles, silicon
carbide is preferable because silicon carbide has satisfactory
thermal conductivity.

[0080] Although the material constituting the inorganic
fibers of the outer peripheral coating layer paste is not limited
in particular, the inorganic fibers may be silica alumina fibers,
mullite fibers, alumina fibers, silica fibers or the like. Two or
more kinds of the inorganic fibers may be used. Among the
inorganic fibers, alumina fibers are preferable.

[0081] The outer peripheral coating layer paste may further
include an organic binder.

[0082] Although the organic binder included in the outer
peripheral coating layer paste is not limited in particular, the
organic binder may be polyvinyl alcohol, methylcellulose,
ethylcellulose, carboxymethylcellulose or the like. Two or
more kinds of the organic binders may be used.

[0083] The outer peripheral coating layer paste may further
include, for example, balloons (i.e. minute hollow balls of
oxide-based ceramic), a pore-forming agent or the like.
[0084] Although the balloon included in the outer periph-
eral coating layer paste is not limited in particular, the balloon
may be an alumina balloon, a glass micro balloon, a shirasu-
balloon, a fly ash balloon, a mullite balloon or the like. Two or
more kinds of the balloons may be used. Among the balloons,
alumina balloons are preferable.

[0085] Although the pore-forming agent included in the
outer peripheral coating layer paste is not limited in particu-
lar, the pore-forming agent may be spherical acryl particles,
graphite or the like. Two or more kinds of the pore-forming
agents may be used.

[0086] Then, the honeycomb unit 11 being coated with the
outer peripheral coating layer paste is solidified by drying.
Thereby, a substantially cylindrical shaped honeycomb struc-
tural body 10 is obtained. In a case where the outer peripheral
coating layer paste of the honeycomb structural body 10
contains an organic binder, a degreasing process is preferably
performed on the honeycomb structural body 10. The
degreasing conditions can be arbitrarily selected depending
on the amount and kind of organic substances. However, the
degreasing conditions are preferably at approximately 700°
C. for approximately 20 minutes.

[0087] Itisto benoted that zeolite may be ion exchanged by
having the honeycomb unit 11 steeped into a solution con-
taining copper ions and/or iron ions. Further, a raw material
paste containing zeolite being ion exchanged by copper ions
and/or iron ions may be used as the raw material paste.
[0088] A honeycomb structural body 20 is illustrated as
other example of the SCR catalyst 131 in FIG. 3. The honey-
comb structural body 20 has substantially the same configu-
ration as the configuration of the honeycomb structural body
10 except that the honeycomb structural body 20 has plural
honeycomb units 21 adhered thereto by interposing an adhe-
sive layer 22. Each of the plural honeycomb units 21 includes
plural through-holes 11a divided by partition walls 1156 and
arranged in a longitudinal direction thereof (see FIG. 4).
[0089] The cross section of the honeycomb unit 21 perpen-
dicular to the longitudinal direction of the honeycomb unit 21
preferably has an area of approximately 10 cm? to approxi-
mately 200 cm?. In a case where the area of the cross section
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of the honeycomb unit 21 perpendicular to the longitudinal
direction of the honeycomb unit is approximately 10 cm?® or
more, it becomes difficult for the pressure loss of the honey-
comb structural body 20 to increase. On the other hand, in a
case where the area of the cross section of the honeycomb unit
21 perpendicular to the longitudinal direction of the honey-
comb unit 21 is approximately 200 cm? or less, it becomes
difficult for the strength against thermal stress of the honey-
comb unit 21 to become insufficient.

[0090] Other than the cross section of the honeycomb unit
21 perpendicular to the longitudinal direction of the honey-
comb unit 21, the honeycomb unit 21 is substantially the same
as the honeycomb unit 11.

[0091] The thickness of the adhesive layer 22 is preferably
approximately 0.5 mm to approximately 2.0 mm. In a case
where the thickness of the adhesive layer 22 is approximately
0.5 mm or more, it becomes difficult for the adhesive strength
among the honeycomb units 21 to become insufficient. On the
other hand, in a case where the thickness of the adhesive layer
22 is approximately 2.0 mm or less, it becomes difficult for
the pressure loss of the honeycomb structural body 20 to
increase.

[0092] Next, an example of a method for manufacturing the
honeycomb structural body 20 according to an embodiment
of'the present invention is described. First, in substantially the
same manner as the honeycomb structural body 10, honey-
comb units 21 having substantially square pillar shapes are
formed. Then, an adhesive layer paste is applied to the outer
peripheral surface of the honeycomb units 21 except for both
end faces of the honeycomb units 21. Then, the honeycomb
units 21 are sequentially adhered together and solidified by
drying. Thereby, an aggregate of the honeycomb units 21 can
be obtained.

[0093] The adhesive layer paste is not limited in particular.
The adhesive layer paste may be a mixture of an inorganic
binder and inorganic particles, a mixture of the inorganic
binder and inorganic fibers, a mixture of the inorganic binder,
the inorganic particles, and the inorganic fibers or the like.
[0094] Although the inorganic binder included in the adhe-
sive layer paste is not limited in particular, the inorganic
binder is added as silica sol, alumina sol, or the like. Two or
more kinds of inorganic binders may be used. Among the
inorganic binders, it is preferable to add silica sol.

[0095] Although the material constituting the inorganic
particles of the adhesive layer paste is not limited in particu-
lar, the material may be, for example, a carbide (e.g., silicon
carbide), a nitride (e.g., silicon nitride, boron nitride) or the
like. Two or more kinds of the inorganic particles may be
used. Among the inorganic particles, silicon carbide is pref-
erable because silicon carbide has satisfactory thermal con-
ductivity.

[0096] Although the material constituting the inorganic
fibers of the adhesive layer paste is not limited in particular,
the inorganic fibers may be silica alumina fibers, mullite
fibers, alumina fibers, silica fibers or the like. Two or more
kinds of the inorganic fibers may be used. Among the inor-
ganic fibers, alumina fibers are preferable.

[0097] The adhesive layer paste may further include an
organic binder.
[0098] Although the organic binder included in the adhe-

sive layer paste is not limited in particular, the organic binder
may be polyvinyl alcohol, methylcellulose, ethylcellulose,
carboxymethylcellulose or the like. Two or more kinds of the
organic binders may be used.
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[0099] The adhesive layer paste may further include, for
example, balloons (i.e. minute hollow balls of oxide-based
ceramic), a pore-forming agent or the like.

[0100] Although the balloon included in the adhesive layer
paste is not limited in particular, the balloon may be an alu-
mina balloon, a glass micro balloon, a shirasu-balloon, a fly
ash balloon, a mullite balloon or the like. Two or more kinds
of the balloons may be used. Among the balloons, alumina
balloons are preferable.

[0101] Although the pore-forming agent included in the
adhesive layer paste is not limited in particular, the pore-
forming agent may be spherical acryl particles, graphite or the
like. Two or more kinds of the pore-forming agents may be
used.

[0102] Then, by cutting the aggregate of honeycomb units
21 into a substantially cylindrical shape (and polishing the
aggregate of honeycomb units 21 according to necessity), a
substantially cylindrical-shaped aggregate of honeycomb
units 21 can be obtained.

[0103] Alternatively, instead of cutting the aggregate of
honeycomb units 21 into a substantially cylindrical shape, the
substantially cylindrical shaped aggregate of honeycomb
units 21 may be obtained by adhering together honeycomb
units 21 each of which having a cross-section perpendicular
to the longitudinal direction of the honeycomb unit 21 that is
molded into a predetermined shape. In this case, the prede-
termined shape of the cross-section perpendicular to the lon-
gitudinal direction of the honeycomb unit 21 is preferred to be
a substantially fan-shape having a central angle of approxi-
mately 90°.

[0104] Then, an outer peripheral coating layer paste is
applied to the outer peripheral surface of the substantially
cylindrical-shaped aggregate of honeycomb units 21 except
for both end faces of the honeycomb units 21.

[0105] The outer peripheral coating layer paste may be, for
example, the same as or different from the material of the
adhesive layer paste.

[0106] Then, the aggregate of the honeycomb units 21
being coated with the outer peripheral coating layer paste is
solidified by drying. Thereby, a substantially cylindrical
shaped honeycomb structural body 20 is obtained. In a case
where the adhesive layer paste and/or the outer peripheral
coating layer paste of the honeycomb structural body 20
contains an organic binder, a degreasing process is preferably
performed on the honeycomb structural body 20. The
degreasing conditions can be arbitrarily selected depending
on the amount and kind of organic substances. However, the
degreasing conditions are preferably at approximately 700°
C. for approximately 20 minutes.

[0107] Itistobenoted that the honeycomb structural bodies
10 and 20 may be formed without the outer peripheral coating
layer 12.

[0108] Alternatively, other honeycomb structural body
including a honeycomb unit(s) other than the honeycomb unit
11 or the honeycomb unit 21 may be used. The honeycomb
unit of the other honeycomb structural body supports zeolite
and has plural through-holes divided by partition walls and
arranged in a longitudinal direction thereof.

[0109] Although the material constituting the honeycomb
unit supporting zeolite is not limited in particular, the material
may be cordierite or the like.

[0110] Although the zeolite supported on the honeycomb
unit 11 is not limited in particular, the zeolite may be 3 type
zeolite, ZSM-5 type zeolite, a phosphate group zeolite or the
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like. Two or more of them may be used together. Among the
zeolites, the phosphate zeolite is preferable for attaining a
satisfactory NOx conversion efficiency.

[0111] The phosphate group zeolite may be a SAPO (silico
aluminphosphate) (e.g., SAPO-5, SAPO-11, SAPO-34 or the
like), a Me APO (metal aluminophosphate), a MeAPSO (met-
allo-aluminosilicophospate) or the like.

[0112] Considering the NOx conversion efficiency, it is
preferable for the zeolite to include a zeolite ion-exchanged
with Cu and/or Fe, and more preferably ion-exchanged with
Cu.

[0113] The zeolite ion-exchanged with Cu and/or Fe is
preferred to have an ion exchange amount from approxi-
mately 1.0 to approximately 5.0 mass %.

[0114] It is to be noted that the metal ions used in the
ion-exchange of the zeolite are not limited to Cu ions and/or
Fe ions. Other transition metal ions enabling improvement of
NOx conversion efficiency may be used.

[0115] FIG. 5 illustrates an exhaust gas conversion system
200 which is an other example of the exhaust gas conversion
system 100 according to an embodiment of the present inven-
tion. Except for using an exhaust gas conversion apparatus
210 instead of the exhaust gas conversion apparatuses 120,
130, the configuration of the exhaust gas conversion system
200 is substantially the same as the configuration of the
exhaust gas conversion system 100. In this modified example,
the exhaust gas conversion apparatus 210 can be manufac-
tured by installing (e.g., canning) the exhaust gas conversion
apparatus 210 in a metal container (shell) 113 in a state where
aholding sealing member 212 is provided at an outer periph-
eral part of the DPF 121 and the SCR catalyst 131. Thereby,
the exhaust gas conversion system 200 can convert the
exhaust gas of a diesel engine.

[0116] Further, the exhaust gas conversion system 200 has
an ammonia supply part 270 inside the pipe 140 provided
between the exhaust gas conversion apparatus 110 and the
exhaust gas conversion apparatus 210. The ammonia supply
part 270 is, for example, an injection nozzle for injecting
ammonia or a compound that generates ammonia by being
decomposed. By supplying ammonia into the pipe 140 with
the ammonia supply part, the SCR catalyst 131 reduces NOx
contained in an exhaust gas.

[0117] Compared to the space required for positioning the
exhaust gas conversion apparatuses 120, 130 of the conver-
sion system 100, it becomes easy for the space required for
positioning the exhaust gas conversion apparatuses 210 of the
exhaust gas conversion system 200 to be reduced.

[0118] It is to be noted that an exhaust gas conversion
method according to an embodiment of the present invention
is a method that is performed by using the above-described
embodiment of the exhaust gas conversion apparatus. There-
fore, specific details of the exhaust gas conversion method
according to the embodiment of the present invention are
omitted.

EXAMPLES

[0119] In the following examples, “parts” refers to “parts
by mass”.

[DOC-1]

[0120] A commercially available cordierite honeycomb
structural body that supports an oxide catalyst was used. The
honeycomb structural body has a diameter of 228.6 mm and

a length of 114.3 mm. The honeycomb structural body has a
cylindrical shape.
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[DPF-1]

[0121] A raw material paste was prepared by performing
the following processes: mixing an o type silicon carbide (60
parts) having an average particle diameter of 11 um and an o
type silicon carbide (40 parts) having an average particle
diameter of 0.5 um; then, adding carboxyl methylcellulose (5
parts) and water (10 parts) to the mixture of the . type silicon
carbides; then, mixing and kneading the added carboxyl
methylcellulose and water with the mixture of the o type
silicon carbides; then, adding a small amount of glycerin and
a lubricant UNILUB (Trademark) (manufactured by Nippon
Oil & Fats Co. Ltd.) to the mixture of the a type silicon
carbides, carboxyl methylcellulose, and water; and then, mix-
ing and kneading the added glycerin and lubricant with the
mixture of the a type silicon carbides, carboxyl methylcellu-
lose, and water.

[0122] Then, extrusion molding was performed on the raw
material paste by using an extruder. Thereby, a cylindrical-
shaped honeycomb molded body was manufactured. Then,
the honeycomb molded body was dried by using a microwave
drying apparatus and a hot air drying apparatus. Thereby, a
dried honeycomb body was manufactured.

[0123] Then, the through-holes of one side of the dried
honeycomb body were filled with the raw material paste.
Then, the dried honeycomb body filled with the raw material
paste was further dried by the microwave drying apparatus
and the hot air drying apparatus. After the drying, the dried
honeycomb body was degreased. Then, the degreased honey-
comb body was fired at 2200° C. for 3 hours. Thereby, a
honeycomb unit is manufactured having a quadrate pillar-
shape whose single side is 34.3 mm and length is 203.2 mm.
In the honeycomb unit, the density of the through holes was
46.5 units/cm?, the thickness of the partition walls was 0.15
mm, the average pore diameter of the honeycomb unit was 11
um, and the porosity of the honeycomb unit was 42%.
[0124] Then, an adhesive layer paste was prepared by mix-
ing and kneading an alumina fiber (30 parts) having an aver-
age fiber diameter of 20 pm, a silicon carbide (21 parts)
having an average particle diameter of 0.6 pum, silica sol (15
parts) of 30 mass % as solid content, carboxyl methylcellu-
lose (5.6 parts), and water (28.4 parts).

[0125] Then, 36 honeycomb units were adhered together by
applying the adhesive layer paste to the outer peripheral sur-
face of the honeycomb units except for the outer peripheral
surface of both end parts of the honeycomb units. The adhe-
sive layer paste was applied so that the thickness of the adhe-
sive layer is 1.0 mm. The adhesive layer paste was solidified
by drying at a temperature of 120° C. Then, an aggregate of
the honeycomb units was manufactured by cutting the hon-
eycomb units into a cylindrical shape with a diamond cutter
so that the cross section perpendicular to the longitudinal
direction of the honeycomb units becomes substantially point
symmetrical.

[0126] Then, an outer peripheral surface coating layer paste
was prepared by mixing and kneading an silica-alumina fiber
(23.3 parts) having an average fiber diameter of 50 um, a
silicon carbide (30.2 parts) having an average particle diam-
eter of 0.3 um, silica sol (7 parts) of 30 mass % as solid
content, carboxyl methylcellulose (0.5 parts), and water (39
parts).

[0127] Then, the outer peripheral surface coating layer
paste was applied to the outer peripheral surface of the aggre-
gate of the honeycomb units except for the outer peripheral
surface of both end parts of the aggregate of honeycomb units.
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The outer peripheral surface coating layer paste was solidified
by drying the outer peripheral surface coating layer paste at
120° C. Thereby, ahoneycomb structural body having a cylin-
drical shape with a diameter of 228.6 mm and a height of
203.2 mm was manufactured.

[DPF-2]

[0128] A commercially available cordierite honeycomb
structural body having a single honeycomb unit was used.
With this honeycomb structural body, the through-holes on
one end of the honeycomb unit of the honeycomb structural
body are sealed. The honeycomb structural body has a diam-
eter of 228.6 mm and a length of 279.4 mm. The honeycomb
structural body has a cylindrical shape. An outer peripheral
coating layer having a thickness 0f 0.2 mm was formed on the
outer peripheral surface of the honeycomb unit except for the
outer peripheral surface of both end parts of the honeycomb
unit. In the honeycomb unit, the density of the through holes
was 46.5 units/cm?, the thickness of the partition walls was
0.30 mm, the average pore diameter of the honeycomb unit
was 15 pum, and the porosity of the honeycomb unit was 48%.
The honeycomb unit does not have catalyst supported
thereon.

[SCR catalyst-1]

[0129] As a zeolite, a raw material paste was prepared by
mixing and kneading: SAPO (3100 g) having an average
particle diameter of 3 pm as zeolite; bochmite (895 g); alu-
mina fiber (485 g) having an average fiber diameter of 6 pm
and an average fiber length of 100 um; methylcellulose (380
g); oleic acid (280 g); and ion exchanged water (2425 g).
[0130] Then, extrusion molding was performed on the raw
material paste by using an extruder. Thereby, a cylindrical-
shaped honeycomb molded body was manufactured. Then,
the honeycomb molded body was dried for 10 minutes at 110°
C. by using a microwave drying apparatus and a hot air drying
apparatus. Then, the dried honeycomb body was degreased at
400° C. for 5 hours. Then, the degreased honeycomb body
was fired at 700° C. for 2 hours. Thereby, a honeycomb unit
was manufactured.

[0131] Then, the above-described outer peripheral coating
layer paste was applied to the outer peripheral surface of the
fired honeycomb body except for the outer peripheral surface
of both end parts of the fired honeycomb body. The outer
peripheral coating layer paste was applied so that the thick-
ness of the outer peripheral coating layer is 0.2 mm. The outer
peripheral coating layer paste was solidified by drying at a
temperature of 120° C. Thereby, a honeycomb structural body
was manufactured. Further, zeolite (SAPO) of the honey-
comb structural body was ion exchanged with copper ions by
steeping the honeycomb structural body into a copper nitrate
solution. Thereby, the honeycomb structural body 10 was
manufactured. In measuring the exchange amount of copper
ions of the zeolite (SAPO) by performing ICP (Inductively
Coupled Plasma) analysis with an ICPS-8100 (manufactured
by Shimadzu Corp.), 2.7 mass % was measured. The honey-
comb structural body 10 has a cylindrical shape with a diam-
eter of228.6 mm and alength 0f203.2 mm. In the honeycomb
unit 11 of the honeycomb structural body 10, the thickness of
the partition walls was 0.28 mm and the density of the through
holes was 62 units/cm?.

[SCR catalyst-2]

[0132] A commercially available cordierite honeycomb
structural body was steeped in a dispersion of zeolite (SAPO)
being ion exchanged with copper ions of 2.7 mass %.
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Thereby, zeolite (SAPO) of 70 g/l was supported on the
honeycomb structural body. The honeycomb structural body
includes a single honeycomb unit. The honeycomb structural
body has a cylindrical shape with a diameter 0f 228.6 mm and
a length of 304.8 mm. An outer peripheral coating layer
having a thickness of 0.2 mm is formed on the outer periph-
eral surface of the honeycomb unit except for the outer
peripheral surface of both end parts of the honeycomb unit. In
the honeycomb unit of the honeycomb structural body, the
thickness of the partition walls was 0.28 mm and the density
of the through holes was 62 units/cm?>.

Example 1

[0133] The DOC-1, the DPF-1, and the SCR catalyst-1
were used as the DOC 111, the DPF 121, and the SCR catalyst
131, respectively. The exhaust gas conversion system 200
(see FIG. 5) was manufactured by arranging the DOC 111, the
DPF 121, and the SCR catalyst 131 in a manner that the
distance between the DOC 111 and the DPF 121 is 800 mm
and the distance between the DPF 121 and the SCR catalyst
131 is 30 mm. In this example, an ejection nozzle for ejecting
urea water into the pipe 140 was set at a position in which the
distance from the DPF 121 is 600 mm.

Example 2

[0134] Except for using the DPF-2 as the DPF 121, the
exhaust gas conversion system 100 was manufactured under
the same conditions as those of Example 1.

Example 3

[0135] Except for using the SCR catalyst-2 as the SCR
catalyst 131, the exhaust gas conversion system 100 was
manufactured under the same conditions as those of Example
1.

Example 4

[0136] Except for using the DPF-2 and the SCR catalyst-2
as the DPF 121 and the SCR catalyst 131, respectively, the
exhaust gas conversion system 100 was manufactured under
the same conditions as those of Example 1.

Example 5

[0137] The DOC-1, the DPF-1, and the SCR catalyst-1
were used as the DOC 111, the DPF 121, and the SCR catalyst
131, respectively. The exhaust gas conversion system 100
(see FIG. 1) was manufactured by arranging the DOC 111, the
DPF 121, and the SCR catalyst 131 in a manner that the
distance between the DOC 111 and the DPF 121 is 800 mm
and the distance between the DPF 121 and the SCR catalyst
131 is 200 mm. In this example, an ejection nozzle for eject-
ing urea water into the pipe 140 was set at a position in which
the distance from the DPF 121 is 600 mm.
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Comparative Example 1

[0138] Except for changing the length between the pipe 140
and the pipe 150 in a manner that the distance between the
DOC 111 and the DPF 121 is 200 mm and the distance
between the DPF 121 and the SCR catalyst 131 is 800 mm and
setting an ejection nozzle for ejecting urea water into the pipe
150 at a position in which the distance from the SCR catalyst
131 is 600 mm, an exhaust gas conversion system was manu-
factured under the same conditions as those of Example 5.

Comparative Example 2

[0139] Except for changing the length of the pipe 150 in a
manner that the distance between the DPF 121 and the SCR
catalyst 131 is 1300 mm and setting an ejection nozzle for
ejecting urea water into the pipe 150 at a position in which the
distance from the SCR catalyst 131 is 1100 mm, an exhaust
gas conversion system was manufactured under the same
conditions as those of Comparative Example 1.

[Measurement of Nox Conversion Rate]

[0140] The conversion rate of NOx contained in an exhaust
gas emitted from an engine having an air volume displace-
ment of 4.2 [, was measured by using the exhaust gas conver-
sion systems of Examples 1 to 5 and Comparative Examples
1 and 2.

[0141] It is to be noted that the NOx conversion rate was
measured by setting NOx sensors on the upstream and down-
stream sides of the SCR catalyst 131 with respect to the
direction in which the exhaust gas flows, detecting the con-
centration of NOx inside the exhaust gas with the NOx sen-
sors for 30 minutes, and obtaining the average value with the
following formula.

NOx conversion rate=(NOX inflow—NOx outflow)/
(NOx inflow)x100%

[0142] The measurement of the NOx conversion rate was
performed under the conditions where the engine is in a
steady operation state and the exhaust gas has a temperature
0t'250° C. Further, urea water was ejected inside the pipe 140
or the pipe 150 from an ejection nozzle so that the mol ratio of
ammonia with respect to NOx detected by the NOx sensor of
the upstream side of the SCR catalyst 131 becomes 1 when
the temperature of the SCR catalyst 131 is equal to or more
than 180° C. Further, the urea water is diffused in the radial
direction of the pipe 150 by using a mixer and a swirler.
[0143] The lengths of the exhaust gas conversion systems
and the results of the NOx conversion rate measurement are
illustrated in Table 1 together with various kinds of DOC,
DPF, and SCR catalyst.

TABLE 1
LENGTH OF
EXHAUST GAS  CONVERSION
SCR CONVERSION  RATE OF NOx
DOC  DPF  CATALYST SYSTEM [mm] [%]
EXAMPLE 1 DOC-1 DPF-1 SCR 1351 85
CATALYST-1
EXAMPLE 2 DOC-1 DPF-2 SCR 1427 83

CATALYST-1
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TABLE 1-continued
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LENGTH OF
EXHAUST GAS ~CONVERSION
SCR CONVERSION  RATE OF NOx
DOC  DPF  CATALYST SYSTEM [mm] [%]
EXAMPLE 3 DOC-1 DPF-1 SCR 1452 78
CATALYST-2
EXAMPLE 4 DOC-1 DPF2 SCR 1529 72
CATALYST-2
EXAMPLE 5 DOC-1 DPF-1 SCR 1521 80
CATALYST-1
COMPARATIVE DOC-1 DPF-1 SCR 1521 47
EXAMPLE 1 CATALYST-1
COMPARATIVE DOC-1 DPF-1 SCR 2021 83
EXAMPLE 2 CATALYST-1
[0144] The length of the exhaust gas conversion system of being sequentially arranged in a direction in which an

Examples 1 to 5 and Comparative Examples 1 and 2 was 1351
mm, 1427 mm, 1452 mm, 1529 mm, 1521 mm, 1521 mm, and
2021 mm, respectively. The NOx conversion rate of
Examples 1 to 5 and Comparative Examples 1 and 2 was 85%,
83%, 78%, 72%, 80%, 47%, and 83%, respectively.

[0145] It is to be noted that “length of exhaust gas conver-
sion system” indicates the distance from an end part on an
upstream side of the DOC 111 to an end part on a downstream
side of the SCR catalyst 131 with respect to the direction in
which the exhaust gas flows.

[0146] As illustrated in Table 1, it can be understood that
the exhaust gas conversion systems 200 of Examples 1-4 and
the exhaust gas conversion system 100 of Example 5 can be
formed with a length of 1351 mm to 1529 mm while main-
taining a NOx conversion rate of 72% to 85%. Further, the
exhaust gas conversion system 200 of Example 1 has a NOx
conversion rate that is 5% higher and a length that is 170 mm
shorter compared to the exhaust gas conversion system 100 of
Example 5 which has the same DOC 111, DPF 121, and SCR
catalyst 131 as those of the exhaust gas conversion system
200 of Example 1.

[0147] Onthe other hand, although the exhaust gas conver-
sion system of Comparative Example 1 has the same length
and the same DOC 111, DPF 121, and SCR catalyst 131 as
those of the exhaust gas conversion system 100 of Example 5,
the NOx conversion rate is reduced to 47%.

[0148] Further, although the exhaust gas conversion system
of Comparative Example 2, which has the same DOC 111,
DPF 121, and SCR catalyst 131 as those of the exhaust gas
conversion system 100 of Example 5, has an NOx conversion
rate that is the same (Comparative Example 2 is 83%,
Example 5 is 80%) as that of the exhaust gas conversion
system 100 of Example 5, the length of the exhaust gas
conversion system is increased to 2021 mm.

[0149] Obviously, numerous modifications and variations
of the present invention are possible in light of the above
teachings. It is therefore to be understood that within the
scope of the appended claims, the invention may be practiced
otherwise than as specifically described herein.

1. An exhaust gas conversion system comprising:

an oxide catalyst;

a filter;

a selective catalytic reduction catalyst, the oxide catalyst,
the filter and the selective catalytic reduction catalyst

exhaust gas flows in an exhaust path of a diesel engine;
and
an ammonia supplying device positioned between the
oxide catalyst and the filter and configured to supply
ammonia.
2. The exhaust gas conversion system as claimed in claim
1, wherein the filter has a honeycomb structural body includ-
ing a honeycomb unit having a plurality of through holes
divided by partition walls and arranged in a longitudinal
direction of the honeycomb unit,
wherein the plurality of through holes are sealed on one end
of the honeycomb unit in the longitudinal direction.
3. The exhaust gas conversion system as claimed in claim
2, wherein the honeycomb unit does not support a catalyst.
4. The exhaust gas conversion system as claimed in claim
2, wherein the honeycomb unit includes silicon carbide or
silicon carbide bonded silicon.
5. The exhaust gas conversion system as claimed in claim
2, wherein each of the partition walls of the honeycomb unit
has a thickness of approximately 0.10 mm or more and
approximately 0.18 mm or less.
6. The exhaust gas conversion system as claimed in claim
1, wherein the selective catalytic reduction catalyst has a
honeycomb structural body including a honeycomb unit hav-
ing a plurality of through holes divided by partition walls and
arranged in a longitudinal direction of the honeycomb unit,
wherein the honeycomb unit includes zeolite and an inor-
ganic binder.
7. The exhaust gas conversion system as claimed in claim
6, wherein the honeycomb unit included in the selective cata-
Iytic reduction catalyst includes an inorganic fiber, a scale-
like material, a tetrapod-shaped material, a three-dimensional
needle-shaped material or a combination thereof.
8. The exhaust gas conversion system as claimed in claim
6, wherein the zeolite includes a phosphate group zeolite.
9. The exhaust gas conversion system as claimed in claim
1, wherein the filter and the selective catalytic reduction cata-
lyst are installed in a metal container.
10. The exhaust gas conversion system as claimed in claim
1, wherein the oxide catalyst is canned in a first metal con-
tainer in a state where a first holding sealing member is
provided at an outer peripheral part of the oxide catalyst,
wherein the filter is canned in a second metal container in a
state where a second holding sealing member is provided at
an outer peripheral part of the filter, wherein the selective
catalytic reduction catalyst is canned in a third metal con-
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tainer in a state where a third holding sealing member is
provided at an outer peripheral part of the selective catalytic
reduction catalyst.

11. The exhaust gas conversion system as claimed in claim
1, wherein the ammonia supplying device is an injection
nozzle to inject ammonia or a compound that generates
ammonia by being decomposed.

12. The exhaust gas conversion system as claimed in claim
11, wherein the compound that generates ammonia by being
decomposed is urea water.

13. The exhaust gas conversion system as claimed in claim
1, wherein the oxide catalyst has a honeycomb structural
body including a honeycomb unit that supports a catalyst and
has a plurality of through holes divided by partition walls and
arranged in a longitudinal direction of the honeycomb unit.

14. The exhaust gas conversion system as claimed in claim
13, wherein a material constituting the honeycomb unit is
cordierite.

15. The exhaust gas conversion system as claimed in claim
2, wherein a material constituting the honeycomb unit
included in the filter is silicon carbide, silicon carbide bonded
silicon, cordierite, or aluminum titanate.

16. The exhaust gas conversion system as claimed in claim
6, wherein the selective catalytic reduction catalyst has a
single honeycomb unit.

17. The exhaust gas conversion system as claimed in claim
6, wherein the zeolite is a f§ type zeolite, a ZSM-5 type zeolite,
or a phosphate group zeolite.

18. The exhaust gas conversion system as claimed in claim
1, wherein the phosphate group zeolite is a SAPO (silico
aluminophosphate), a MeAPO (metal aluminophosphate), or
a MeAPSO (metallo-aluminosilicophospate).

19. The exhaust gas conversion system as claimed in claim
18, wherein the SAPO is SAPO-5, SAPO-11 or SAPO-34.

20. The exhaust gas conversion system as claimed in claim
1, wherein the zeolite is obtained by ion-exchange with cop-
per, iron or a combination of copper and iron.

21. The exhaust gas conversion system as claimed in claim
6, wherein the selective catalytic reduction catalyst has a
plurality of the honeycomb units and each of the plurality of
the honeycomb units is adhered to each other by interposing
an adhesive layer.

22. The exhaust gas conversion system as claimed in claim
21, wherein each of the plurality of honeycomb units has a
cross-section perpendicular to the longitudinal direction of
the honeycomb unit that is substantially a fan-shape having a
central angle of approximately 90°.

23. The exhaust gas conversion system as claimed in claim
1, wherein the selective catalytic reduction catalyst has a
honeycomb structural body including a honeycomb unit that
supports a zeolite and has a plurality of through holes divided
by partition walls and arranged in a longitudinal direction of
the honeycomb unit.

24. The exhaust gas conversion system as claimed in claim
23, wherein a material constituting the honeycomb unit is
cordierite.

25. The exhaust gas conversion system as claimed in claim
24, wherein the zeolite is a f type zeolite, a ZSM-5 type
zeolite, or a phosphate group zeolite.

26. The exhaust gas conversion system as claimed in claim
25, wherein the phosphate group zeolite is a SAPO (silico
aluminophosphate), a MeAPO (metal aluminophosphate), or
a MeAPSO (metallo-aluminosilicophospate).
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27. The exhaust gas conversion system as claimed in claim
26, wherein the SAPO is SAPO-5, SAPO-11 or SAPO-34.

28. The exhaust gas conversion system as claimed in claim
23, wherein the zeolite is obtained by ion-exchange with
copper, iron or a combination of copper and iron.

29. The exhaust gas conversion system as claimed in claim
9, wherein the filter is canned in a first metal container in a
state where a first holding sealing member is provided at an
outer peripheral part of the filter, wherein the selective cata-
Iytic reduction catalyst is canned in a second metal container
in a state where a second holding sealing member is provided
at an outer peripheral part of the selective catalytic reduction
catalyst.

30. An exhaust gas conversion method comprising:

converting an exhaust gas by using the exhaust gas conver-

sion system claimed in claim 1.

31. The exhaust gas conversion method as claimed in claim
30, wherein the filter has a honeycomb structural body includ-
ing a honeycomb unit having a plurality of through holes
divided by partition walls and arranged in a longitudinal
direction of the honeycomb unit,

wherein the plurality of through holes are sealed on one end

of the honeycomb unit in the longitudinal direction.

32. The exhaust gas conversion method as claimed in claim
31, wherein the honeycomb unit does not support a catalyst.

33. The exhaust gas conversion method as claimed in claim
31, wherein the honeycomb unit includes silicon carbide or
silicon carbide bonded silicon.

34. The exhaust gas conversion method as claimed in claim
31, wherein each of the partition walls of the honeycomb unit
has a thickness of approximately 0.10 mm or more and
approximately 0.18 mm or less.

35. The exhaust gas conversion method as claimed in claim
30, wherein the selective catalytic reduction catalyst has a
honeycomb structural body including a honeycomb unit hav-
ing a plurality of through holes divided by partition walls and
arranged in a longitudinal direction of the honeycomb unit,

wherein the honeycomb unit includes zeolite and an inor-

ganic binder.

36. The exhaust gas conversion method as claimed in claim
35, wherein the honeycomb unit included in the selective
catalytic reduction catalyst includes an inorganic fiber, a
scale-like material, a tetrapod-shaped material, a three-di-
mensional needle-shaped material or a combination thereof.

37. The exhaust gas conversion method as claimed in claim
35, wherein the zeolite includes a phosphate group zeolite.

38. The exhaust gas conversion method as claimed in claim
30, wherein the filter and the selective catalytic reduction
catalyst are installed in a metal container.

39. The exhaust gas conversion method as claimed in claim
30, wherein the oxide catalyst is canned in a first metal con-
tainer in a state where a first holding sealing member is
provided at an outer peripheral part of the oxide catalyst,
wherein the filter is canned in a second metal container in a
state where a second holding sealing member is provided at
an outer peripheral part of the filter, wherein the selective
catalytic reduction catalyst is canned in a third metal con-
tainer in a state where a third holding sealing member is
provided at an outer peripheral part of the selective catalytic
reduction catalyst.

40. The exhaust gas conversion method as claimed in claim
30, wherein the ammonia supplying device is an injection
nozzle to inject ammonia or a compound that generates
ammonia by being decomposed.
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41. The exhaust gas conversion method as claimed in claim
40, wherein the compound that generates ammonia by being
decomposed is urea water.

42. The exhaust gas conversion method as claimed in claim
30, wherein the oxide catalyst has a honeycomb structural
body including a honeycomb unit that supports a catalyst and
has a plurality of through holes divided by partition walls and
arranged in a longitudinal direction of the honeycomb unit.

43. The exhaust gas conversion method as claimed in claim
42, wherein the material constituting the honeycomb unit is
cordierite.

44. The exhaust gas conversion method as claimed in claim
31, wherein the material constituting the honeycomb unit
included in the filter is silicon carbide, silicon carbide bonded
silicon, cordierite, or aluminum titanate.

45. The exhaust gas conversion method as claimed in claim
35, wherein the selective catalytic reduction catalyst has a
single honeycomb unit.

46. The exhaust gas conversion method as claimed in claim
35, wherein the zeolite is a f type zeolite, a ZSM-5 type
zeolite, or a phosphate group zeolite.

47. The exhaust gas conversion method as claimed in claim
37, wherein the phosphate group zeolite is a SAPO (silico
aluminophosphate), a MeAPO (metal aluminophosphate), or
a MeAPSO (metallo-aluminosilicophospate).

48. The exhaust gas conversion method as claimed in claim
47, wherein the SAPO is SAPO-5, SAPO-11 or SAPO-34.

49. The exhaust gas conversion method as claimed in claim
30, wherein the zeolite is obtained by ion-exchange with
copper, iron, or a combination of copper and iron.

50. The exhaust gas conversion method as claimed in claim
35, wherein the selective catalytic reduction catalyst has a
plurality of the honeycomb units and each of the plurality of
honeycomb units is adhered to each other by interposing an
adhesive layer.
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51. The exhaust gas conversion method as claimed in claim
50, wherein each of the plural honeycomb units has a cross-
section perpendicular to the longitudinal direction of the hon-
eycomb unit that is substantially a fan-shape having a central
angle of approximately 90°.

52. The exhaust gas conversion method as claimed in claim
30, wherein the selective catalytic reduction catalyst has a
honeycomb structural body including a honeycomb unit that
supports a zeolite and has a plurality of through holes divided
by partition walls and arranged in a longitudinal direction of
the honeycomb unit.

53. The exhaust gas conversion method as claimed in claim
52, wherein the material constituting the honeycomb unit is
cordierite.

54. The exhaust gas conversion method as claimed in claim
53, wherein the zeolite is a f type zeolite, a ZSM-5 type
zeolite, or a phosphate group zeolite.

55. The exhaust gas conversion method as claimed in claim
54, wherein the phosphate group zeolite is a SAPO (silico
aluminophosphate), a MeAPO (metal aluminophosphate), or
a MeAPSO (metallo-aluminosilicophospate).

56. The exhaust gas conversion method as claimed in claim
55, wherein the SAPO is SAPO-5, SAPO-11 or SAPO-34.

57. The exhaust gas conversion method as claimed in claim
52, wherein the zeolite is obtained by ion-exchange with
copper, iron, or a combination of copper and iron.

58. The exhaust gas conversion method as claimed in claim
39, wherein the filter is canned in a first metal container in a
state where a first holding sealing member is provided at an
outer peripheral part of the filter, wherein the selective cata-
Iytic reduction catalyst is canned in a second metal container
in a state where a second holding sealing member is provided
at an outer peripheral part of the selective catalytic reduction
catalyst.



