(12) STANDARD PATENT (11) Application No. AU 2012240909 B2
(19) AUSTRALIAN PATENT OFFICE

(54)

(51)

(21)

(87)

(30)

(31)
(43)
(44)
(71)

(72)

(74)

(56)

Title
Oxidation Catalyst for Exhaust Gas Purification

International Patent Classification(s)
B01J 29/74 (2006.01) FO1N 3/10 (2006.01)
B01D 53/94 (2006.01)
Application No: 2012240909 (22) Date of Filing:  2012.04.06
WIPO No: WO012/137930

Priority Data

Number (32) Date (33) Country
2011-086219 2011.04.08 JP
Publication Date: 2012.10.11

Accepted Journal Date: 2015.07.02

Applicant(s)
Toyota Jidosha Kabushiki Kaisha

Inventor(s)
Takagi, Nobuyuki;Sobue, Yuichi;lkeda, Hanae;Kamada, Masaya;Inde, Ryoichi

Agent / Attorney

Cullens Patent and Trade Mark Attorneys, Level 32 239 George Street, Brisbane, QLD,
4000

Related Art
EP 1470859
JP 2002-282688
JP 2003-175318
JP 2010-264376
EP 1036767
JP 2006-043637
EP 0657204




woO 2012/137930 A1 |11 OO R O

12) FHFHRAFHICE SV T ARSI -ERHRRE

(19) 1t FANRFR A HERSES >
EREER gé
=

3) EREARE
2012 €10 A 11 H(11.10.2012)

=

O 00

(10) R ARES
WO 2012/137930 A1

WIPOIPCT

G BEFRFE:

B01J 29/74 (2006.01) FOIN 3/10 (2006.01)
BOID 53/94 (2006.01)
e ERLEES: PCT/IP2012/059546
(22) EFHFER: 2012 £ 4 B 6 H(06.04.2012)
(25 EEREOERE: BA:E
26) EEAMOES: BA:E
(30) BEiET—42:

4%B8 2011-086219 2011 £ 4 A 8 H(08.04.2011) Jp

HREA (REZR<ETORERIZOWT): +3
4 B 8 = # X £ # (TOYOTA JIDOSHA KA-
BUSHIKI KAISHA) [JP/JP], T 4718571 BAIIREEH
k3 2B 1EH Aichi (IP).

FREE BLU
FHAF/HEAN CKEIZDOWTOH): 5K

(TAKAGI, Nobuyuki) [JP/JP]; T 4718571 BB
mhIFET1EN FIFEBEKAS

7D

(72
7 Z
H
2

P g o

Aichi (JP). #8iT {B— (SOBUE, Yuichi) [JP/JP]; T

4718571 BHEEATH I FET1EM I A
HEE#KXREAN AichiJP). thH  FEEJAKEDA,

Hanae) [JP/IP], T 4718571 BEANE LS MHT I X T
1% FIASEBDERKXEHA Aichi Op). £
H ¥ th (KAMADA, Masaya) [JP/JP]; T 4700334 &
MRBETEAEFF 1 EM21 ~I2TY
—7J)|/T4’\EI‘J77>‘ F#HXEH-R Aichi
(P). FIH &K — (INDE, Ryoichi) [JP/JP]; T 4371492
FEERENITHTFE7 80 0&# #HAstt¥v
45— Shizuoka (JP).

RIBA: RE  I(ABL Makoto); T 4600002 B 4118
ZEETHRREAON=ZTEH20&3547KT
ENLTOR HEERIANBBEIEER A-
chi (IP).

BEE (ERFOLEWVWERY., 2TOEFEOENRF
SEN T EE): AE, AG, AL, AM, AO, AT, AU, AZ, BA,
BB, BG, BH, BR, BW, BY, BZ, CA, CH, CL, CN, CO,
CR, CU, CZ, DE, DK, DM, DO, DZ, EC, EE, EG, ES, FI,
GB. GD, GE, GI, GM, GT, HN, HR, HU, ID, IL, IN, IS,

(XA

(74)

62V

(54) Title: LXIIAUST GAS PURIFICATION OXIDATION CATALYST

(64 DA : B R $L AR L AhiE

[E14]

FIG.14

(57) Abstract: The exhaust gas purification ox-
idation catalyst provided by the present inven-
tion is provided with a carrier which, supporting
a noble metal which catalyzes oxidation of car-
bon monoxide (CO), is configured to have a
main body comprising a composite metal oxide
containing Al and Zr, or Al, Zr and Ti in the fol-

200

o 180 cc L
[
o FoIL1d e
’,/
170 |+
cc
,:' ® 000

R —i&4¢ - B
C 050%% 1L

160 |- ,”41-‘/7“»1-2 cC

aalop LA
I

1]

]

]

]

i

]

;

1

1

1

9 )
B yoou23 oc :

#2731

lowing mass proportions in terms of oxides: 40-
99 mass% AlLQOs, 1-45 mass% Zr(0,, and 0-15
mass% TiOx.

G EMN: AFEHRAICLURBINDH
HAZALRERAC AR 1, —BRE R
ﬁmﬂ%?'é.a%ﬁb‘#ﬂ

mm—#v

150

1.04 1.06 1.08 1.1

Normalized peak height
Pd — PdikiE — PdO
DD

AA CO 50% purification temperature
BB Good — Activity — Poor

CC Sample

DD Pd — Pd state — PdO



WO 2012/137930 A1 L0000 T

84

JP, KE, KG, KM, KN, KP, KR, KZ, LA, LC, LK, LR,
LS, LT, LU, LY, MA, MD, ME, MG, MK, MN, MW,
MX, MY, MZ, NA, NG, NI, NO, NZ, OM, PE, PG, PH,

PL, PT, QA, RO, RS, RU, RW, SC, SD, SE, SG, SK, SL,

SM, ST, SV, SY, TH, TJ, TM, TN, TR, TT, TZ, UA, UG,
US,UZ, VC, VN, ZA, ZM, ZW.

EEE (RFOLEWRY ., £ TOEEOLER

FE A EE): ARIPO (BW, GH, GM, KE, LR, LS, MW,

MZ, NA, RW, SD, SL, SZ, TZ, UG, ZM, ZW), 1 — 3

L7 (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), 3 —
A /% (AL, AT, BE, BG, CH, CY, CZ, DE, DK, EE,
ES. FL FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SL, SK,
SM, TR), OAPI (BF, B, CF, CG, CL, CM, GA, GN, GQ,
GW, ML, MR, NE, SN, TD, TG).

ERNENGESE

EFRRERS (FHF 21 Fe)



30 Oct 2013

2012240909

OXIDATION CATALYST FOR EXHAUST GAS PURIFICATION
Technical field
[0001] The present invention relates to an oxidation catalyst for exhaust gas purification. More
particularly, the present invention relates to an oxidation catalyst suitable for exhaust gas
purification in a diesel engine and to a support constituting the catalyst. The present application
claims priority to Japanese Patent Application No. 2011-086219 filed on April 8, 2011, and the
contents of this patent application is incorporated by reference herein in its entirety.
Background Art
[0002] Exhaust gas discharged from an internal combustion engine such as a gasoline engine
and a diesel engine includes hazardous components such as carbon monoxide (CO),
hydrocarbons (HC), nitrogen oxide (NOy), and particulate matter (PM). Recent rise in
environmental awareness all over the world created a demand for further performance
improvement of exhaust gas purification catalysts used to purify and discharge those exhaust
gas components.
[0003] One of the tasks relating to the exhaust gas purification catalysts is the improvement in
catalytic performance at a comparatively low temperature of exhaust gas. Where the exhaust
gas temperature is low, as when the engine is started (the exhaust gas temperature in this case is
typically equal to or lower than 200°C, for example, about 180°C or lower), the activity of
catalyst metal such as platinum is low and the efficiency of exhaust gas purification is lower
than that at a high temperature.

For the reasons, measures have been taken to improve catalytic activity at a low exhaust

gas temperature, for example, when the engine is started. For example, Patent



Literature 1 discloses an exhaust gas purification device in which an oxidation catalyst body
of platinum or palladium is disposed on the upstream side of the exhaust gas, and a reduction
catalyst body of rhodium, iridium, gold, cobalt, or copper is disposed on the downstream side
of the exhaust side. Patent Literature 1 indicates that such a configuration makes it possible
to improve the conversion performance (oxidation and reduction performance) of nitrogen
oxide even in a low-temperature region.

Patent Literature 2 and 3 disclose examples of other conventional techniques used in
the related technical field. For example, Patent Literature 2 describes an NOx adsorption and
reduction catalyst of high durability in which sulfur poisoning can be inhibited, and Patent
Literature 3 describes a highly durable exhaust gas purification catalyst in which sintering of
catalyst components in a high-temperature lean atmosphere can be inhibited. Further, Patent
Literature 4 describes a CO removing catalytic device for removing carbon monoxide from
hydrogen-based fuel gas supplied to a polymer electrolyte fuel cell (PEFC).

Citation List
Patent Literature
[0004] Patent Literature 1: Japanese Patent Application Publication No. H10-118454

Patent Literature 2: Japanese Patent Application Publication No. 2002-282688

Patent Literature 3: Japanese Patent Application Publication No. 2006-043637

Patent Literature 4: Japanese Patent Application Publication No. 2005-067917
Summary of Invention
[0005] Carbon monoxide (CO), which can be referred to as an unburned matter among the
components contained in the exhaust gas of an internal combustion engine of an automobile
or the like, should be discharged upon conversion into carbon dioxide (CO,) by oxidation. In
particular, when the exhaust gas temperature is comparatively low, as when the engine is

started, the CO discharge amount tends to increase over that at a high temperature. Further,
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in hybrid vehicles, which have become very popular, the period of time (for example, the period
of time in which the vehicle is temporarily stopped or driven only by a motor) in which the
engine is stopped when the vehicle is used (runs) is long, thereby decreasing the exhaust gas
temperature. With this in view, an oxidation catalyst for exhaust gas purification is needed that
has high catalytic activity and excels in capacity to oxidize (purify) CO contained in low-
temperature exhaust gas.

In particular, in diesel engines, the exhaust gas temperature tends, as a whole, to be
lower than that in gasoline engines, and there is a great need to develop an exhaust gas
purification catalyst for diesel engines that excels in CO purification performance (CO
oxidation performance) in a low-temperature range.

[0006] However, the exhaust gas purification device described in Patent Literature 1 mentioned
hereinabove has been developed with the object of purifying NOx contained in exhaust gas, and
has not been concerned at all with the purification of CO contained in low-temperature exhaust
gas. The techniques described in Patent Literature 2 and 3 are also not aimed at the purification
of CO contained in low-temperature exhaust gas. Further, the CO removing catalytic device
described in Patent Literature 4 has been developed with the object of removing CO from
hydrogen-based fuel gas (reducible gas) supplied to a PEFC and is not suitable for oxidizing
CO contained in low-temperature exhaust gas (in particular, exhaust gas of a diesel engine that
includes HC and PM and has a high oxygen concentration).

[0007] Accordingly, in one aspect the present invention advantageously provides an oxidation
catalyst for exhaust gas purification that is different from the catalysts described in the
abovementioned patent literature and is configured to be capable of effectively oxidizing CO
even at a comparative low temperature of exhaust gas. More particularly, another aspect of the
present invention advantageously provides an oxidation catalyst for exhaust gas purification

that demonstrates excellent CO oxidation performance in a low-temperature range and can be
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applied to diesel engines. In a further aspect the present invention advantageously provides a
catalyst support suitable for constructing an oxidation catalyst for exhaust gas purification that
excels in CO oxidation in a low-temperature range.

[0008] The results of the comprehensive research conducted by the inventors demonstrate that
catalytic activity of noble metals catalyzing CO oxidation (referred to hereinbelow simply as
"oxidation catalyst metal") can be increased even in a low-temperature range of exhaust gas
and, more specifically, sintering of the oxidation catalyst metal when it is used for exhaust gas
purification (in particular, in a state in which the metal is exposed to high-temperature exhaust
gas) can be inhibited and catalytic activity sites of the noble metal (oxidation catalyst metal)
can be maintained by setting the composition of a composite metal oxide used as a catalyst
support and the content ratio thereof within specific ranges.

Thus, the preferred oxidation catalyst for exhaust gas purification provided by the
present invention has a support and a noble metal (oxidation catalyst metal) that is supported on
the support and catalyzes the oxidation of carbon monoxide.

The support is mainly constituted by a composite metal oxide including, in terms of

oxides, Al and Zr, or Al, Zr and Ti as constituent metal elements at the following mass ratios:

Al O3 40 to 99% by mass,
71O, 1 to 45% by mass,
Ti0O, 0 to 15% by mass.

Typically, the oxidation catalyst for exhaust gas purification disclosed herein includes: a
base material and a catalyst coat layer formed on the base material. The catalyst coat layer has
a support mainly constituted by the composite metal oxide and the noble metal (oxidation

catalyst metal) that is supported on the support and catalyzes the oxidation of carbon monoxide.

[0008a] In one aspect, the present invention provides an oxidation catalyst for exhaust gas

purification, comprising:
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a base material; and
a catalyst coat layer formed on the base material;
a support constituting at least part of the catalyst coat layer; and

palladium particles and/or platinum particles as noble metal particles that are supported

on the support and catalyze the oxidation of carbon monoxide, wherein

the support is mainly constituted by a composite metal oxide including, in terms of

oxides, Al and Zr, or Al, Zr and Ti as constituent metal elements at the following mass ratios:

ALOs 40 to 99% by mass,
Zr0O, 1 to 45% by mass,
Ti0, 0 to 15% by mass, and wherein

the crystallite size of the support determined by X-ray diffraction (XRD) is
1 nm to 10 nm, and
the intensity ratio (I1;/Iz;) of the XRD peak of the support after the thermal durability
treatment conducted for 3 hours at 1000°C in the air is equal to or less than 0.02, wherein the Iy
is the XRD peak intensity of rutile-type titania (TiO-) at a 26 angle of 27 degrees (£0.2
degrees), and the I, is the XRD peak intensity of zirconia (ZrO,) at a 26 angle of 30 degrees

(£0.2 degrees).

[text continues on page 5]
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In the description below, the composite metal oxide including Al and Zr as the
constituent metal elements (including no Ti) will be abbreviated as "AZ oxide", and the
composite metal oxide including Al, Zr and Ti as the constituent metal elements will be
abbreviated as "AZT oxide".

[0009] In the oxidation catalyst for exhaust gas purification disclosed herein, the AZT oxide
including AL, Zr and Ti at the abovementioned mass ratios, or the AZ oxide including Al and
Zr (including no Ti) at the abovementioned mass ratio is provided as the support. Those
composite metal oxides function as acidic-basic supports having an acid amount and a base
amount at a good balance with respect to the noble metal to be supported. More specifically,
noble metal atoms (cations) can be strongly supported (bonded) through oxygen atoms
(typically, O%) to base centers present in the AZT oxide (or AZ oxide) of the abovementioned
configuration and can inhibit grain growth, that is, sintering, of the supported noble metal
(particles) when exposed to high-temperature exhaust gas. Therefore, the reduction in the
number of catalytic activity centers can be prevented and stable exhaust gas purification
(including CO oxidation) can be continuously performed.

Meanwhile, in the acid sites present in the AZT oxide (or AZ oxide) of the
abovementioned configuration, the electrons of the supported noble meal (oxidation catalyst
metal) can drift to the support side. As a result, the bonding strength of the noble metal
atoms (cations) and oxygen is weakened, thereby making it possible to inhibit the generation
of noble metal oxide and increase the reactivity (that is, CO oxidation reaction activity) of
CO and oxygen atoms (typically, O%) that have been activated on the noble metal atoms
(cations).

Therefore, with the oxidation catalyst for exhaust gas purification of the present
configuration, the operation effect in the base sites and the operation effect in the acid sites

can be realized in a balanced manner. Therefore, the substance which is the object of



purification, such as CO in exhaust gas, can be effectively and stably oxidized over a long
period of time not only in a high-temperature range, but also in a low-temperature range (for

example, about 200 to 400°C, or 200°C or below, for example, about 180°C or below, for

example, about 150 to 200°C).
[0010] In a preferred embodiment of the oxidation catalyst for exhaust gas purification
disclosed herein, the composite metal oxide includes Al and Zr, or Al, Zr and Ti, in terms of

oxides, at the following mass ratios:

Al,O3 50 to 90% by mass,
710, 5 to 40% by mass,
TiO, 0 to 15% by mass (for example, 1 to 15% by mass).

In a preferred example, the AZT oxide includes those metal components, in terms of

oxides, at the following mass ratios:

Al,O3 50 to 80% by mass,
710, 10 to 40% by mass,
TiO, 1 to 15% by mass (for example, 2 to 15% by mass). It is particularly

preferred that the content ratios satisfy the following condition: ZrO, > TiO,.

In a more advantageous example, the AZ oxide includes those metal components, in
terms of oxides, at the following mass ratios:

Al;O3 60 to 90% by mass,

V4(8) 10 to 40% by mass.

The AZT oxide or AZ oxide of the abovementioned configuration functions as an
acidic-basic catalyst support having an acid amount and a base amount in a particularly good
balance with respect to the noble metal (oxidation catalyst metal) to be supported thereon.
Therefore, the substance that is the purification object, such as CO in exhaust gas, can be

more effectively and stably oxidized in a low-temperature region (for example, about 200 to



400°C, or 200°C or below, for example, about 180°C or below, for example, about 150 to
200°C) and a region of higher temperatures.

It is preferred that a material in which a crystallite size determined by X-ray
diffraction is equal to or less than 10 nm be used as the support. By using the support with
such a small crystallite size, it is possible to realize a higher catalytic activity.

[0011] In another preferred embodiment of the oxidation catalyst for exhaust gas purification
disclosed herein, Pd particles are provided as the noble metal.

In the oxidation catalyst for exhaust gas purification of such a configuration, by
providing palladium (Pd) particles as the noble metal (oxidation catalyst metal), it is possible
to improve further the CO oxidation performance in a low-temperature region (for example,
equal to or lower than 200°C).

In this embodiment, it is particularly preferred that the average particle diameter of
palladium particles based on a CO pulse adsorption method be equal to or less than 5 nm (for
example, equal to or less than 2 nm). By supporting the Pd particles of such small diameter,
it is possible to improve further the CO oxidation performance in a low-temperature region
such as described hereinabove.

[0012] In another preferred embodiment of the oxidation catalyst for exhaust gas purification
disclosed herein, a hydrocarbon adsorbent is further provided. For example, a hydrocarbon
adsorbent can be provided in at least part of the catalyst coat layer (for example, at least in an
upper layer section in the case in which the catalyst coat layer has a two-layer structure
constituted by a lower layer section (bottom layer section) close to the base material and the
upper layer section (surface layer section) set apart from the base material).

In the oxidation catalyst for exhaust gas purification of such a configuration, the HC
of exhaust gas typically can be absorbed by the hydrocarbon adsorbent contained in the entire

catalyst coat layer or at least part thereof (for example, the surface layer section). As a result,



the so-called HC poisoning, which is the decrease in activity of the oxidation catalyst metal
(for example, platinum) with respect to CO oxidation due to the presence of HC, can be
inhibited, in particular, in a state in which exhaust gas in a low-temperature region is
supplied.

In this embodiment, it is preferred that zeolite particles be provided as the
hydrocarbon adsorbent. Since zeolite particles have high selectivity with respect to the
substance to be adsorbed, with the oxidation catalyst for exhaust gas purification of such a
configuration, various HC components (for example, lower olefins with 6 or fewer carbon
atoms and higher hydrocarbons with 7 or more carbon atoms) can be effectively adsorbed.
[0013] In another preferred embodiment of the oxidation catalyst for exhaust gas purification
disclosed herein, the initial specific surface area A of the substrate determined by a BET 1
point method (nitrogen adsorption method) is equal to or greater than 110 m?/ g (typically 100
m?*/g < A <200 m*/g). With such an initial specific surface area, a sufficient number of sites
in which atoms (ions) of a noble metal such as palladium or platinum can be supported can be
maintained.

[0014] It is even more preferred that the support be mainly constituted by the composite
metal oxide including Ti (that is, the AZT oxide) as the constituent metal element, such that a
TiO, peak is substantially undetectable by X-ray diffraction (XRD) even after thermal
durability treatment conducted for 3 hours at 1000°C in the air. A specific feature of the
support is that the intensity ratio (I1i/Iz) of the XRD peak intensity (I1;) of rutile-type titania
(TiOy) at a 20 angle of 27 degrees (+0.2 degrees) to the XRD peak intensity (Iz;) of zirconia
(ZrO») at a 26 angle of 30 degrees (£0.2 degrees) is equal to or less than 0.02. Here, 0 is a
diffraction angle in X-ray diffraction.

In the AZT oxide having such properties, the abovementioned three components,

namely, the Al component (typically, Al,O3), Zr component (typically, ZrO,), and Ti
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component (typically, TiO,) are present in a highly dispersed state and a particularly high
catalytic activity can be realized.

[0015] In particular, the oxidation catalysts for exhaust gas purification disclosed herein can be
advantageously used for purifying the exhaust gas of a diesel engine.

The exhaust gas discharged from a diesel engine generally tends to have a temperature
lower than that of the exhaust gas discharged from a gasoline engine. The oxidation catalysts
for exhaust gas purification disclosed herein has a high high-temperature activity of the
oxidation catalyst metal (noble metal), excels in CO oxidation (purification) in a low-
temperature region, and is particularly suitable as an oxidation catalysts for exhaust gas
purification for oxidizing (purifying) CO and other discharged substances contained in the
exhaust gas of a diesel engine.

Therefore, the present invention provides an exhaust gas purification device provided
with any of the oxidation catalysts for exhaust gas purification disclosed herein, more
specifically an exhaust gas purification device for purifying the exhaust gas of a diesel engine
(typically a diesel engine provided at a vehicle).

[0015a] In another aspect, the present invention provides an exhaust gas purification device that
purifies exhaust gas discharged from an engine, comprising:

an exhaust passage communicating with the engine; and

an exhaust gas purification unit disposed in the exhaust gas passage, wherein

the exhaust gas purification unit includes the oxidation catalyst for exhaust gas
purification as described above.

Brief Description of Drawings

[0016] FIG. 1 is a schematic diagram of the exhaust gas purification device according to one

embodiment of the present invention.
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FIG. 2 illustrates schematically the control unit provided in the exhaust gas purification
device according to one embodiment of the present invention.
FIG. 3 illustrates schematically the entire configuration of the oxidation catalyst for
exhaust gas purification according to one embodiment of the present invention.
FIG. 4 is an enlarged view of the configuration of a rib wall portion in the oxidation

catalyst for exhaust gas purification shown in FIG. 3.

[text continues on page 10]
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FIG. 5 is a graph showing the relationship between the acid amount of each sample
and the Al,O3; amount; the acid amount ratio of each sample is plotted against the ordinate,
with the acid amount of sample 3-1 (alumina support) being taken as 1, and the Al,O3 amount
(wt%) of each sample is plotted against the abscissa.

FIG. 6 is a graph showing the relationship between the base amount of each sample
and the Al,O3; amount; the base amount ratio of each sample is plotted against the ordinate,
with the base amount of sample 3-1 (alumina support) being taken as 1, and the Al,O3
amount (wt%) of each sample is plotted against the abscissa.

FIG. 7 is a graph showing the relationship between the base amount of each sample
and the TiO, amount; the base amount ratio of each sample is plotted against the ordinate,
with the base amount of sample 3-1 (alumina support) being taken as 1, and the TiO, amount
(wt%) of each sample is plotted against the abscissa.

FIG. 8 is a graph showing the relationship between the base amount of each sample
and the ZrO, amount; the base amount ratio of each sample is plotted against the ordinate,
with the base amount of sample 3-1 (alumina support) being taken as 1, and the ZrO, amount
(Wt%) of each sample is plotted against the abscissa.

FIG. 9 is a graph showing the relationship between the base amount ratio of each
sample and average particle diameter of palladium (Pd) particles after thermal degradation;
the average particle diameter (nm) of Pd particles is plotted against the abscissa, and the base
amount ratio of each sample is plotted against the ordinate, with the base amount of sample
3-1 (alumina support) being taken as 1.

FIG. 10 is a graph showing the relationship between the palladium (Pd) particle
diameter of each sample and the 50% purification temperature of CO after thermal
degradation; the CO 50% purification temperature (°C) is plotted against the ordinate, and the

average particle diameter (nm) of Pd particles is plotted against the abscissa.

10



FIG. 11 is a graph showing the relationship between the acid amount of each sample
and the electron state of platinum (Pt) based on XAFS measurements; the electron state of Pt
derived from the normalized peak height is plotted against the ordinate, and the acid amount
ratio of each sample is plotted against the ordinate, with the acid amount of sample 3-1
(alumina support) being taken as 1.

FIG. 12 is a graph showing the relationship between the CO 50% purification
temperature after thermal degradation of each sample and the electron state of platinum (Pt)
based on XAFS measurements; the CO 50% purification temperature (°C) is plotted against
the ordinate, and the electron state of Pt derived from the normalized peak height is plotted
against the abscissa.

FIG. 13 is a graph showing the relationship between the acid amount of each sample
and the electron state of palladium (Pd) based on XAFS measurements; the electron state of
Pd derived from the normalized peak height is plotted against the ordinate, and the acid
amount ratio of each sample is plotted against the ordinate, with the acid amount of sample 3-
1 (alumina support) being taken as 1.

FIG. 14 is a graph showing the relationship between the CO 50% purification
temperature after thermal degradation of each sample and the electron state of palladium (Pd)
based on XAFS measurements; the CO 50% purification temperature (°C) is plotted against
the ordinate, and the electron state of Pd derived from the normalized peak height is plotted
against the abscissa.

FIG. 15 is a schematic diagram of a NEDC (New European Driving Cycle) used for
evaluating the CO oxidation performance of the oxidation catalyst for exhaust gas
purification used in the example (ordinate: revolution speed (rpm) (left), temperature (°C)

(right); abscissa: time (s = second).
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FIG. 16 is a graph illustrating the CO oxidation performance evaluation results for the
oxidation catalyst for exhaust gas purification used in the example; ordinate: the increase
ratio (%) for each sample (examples: abscissa) to the CO purification ratio in sample 3-1
(comparative example).

FIG. 17 is a graph showing the specific surface area based on a BET 1 point method
for several samples (oxide powders constituting the support; abscissa: Al component (Al,O;3
composition) in percent by mass, ordinate: initial specific surface area (mz/g).

FIG. 18 is a graph showing the XRD peak intensity ratio (I1i/Iz) after the thermal
durability treatment (in the air, 1000°C, 3 hours) of several samples (oxide powder
constituting the support); abscissa; Ti component (TiO, composition) in percent by mass,
ordinate: XRD peak intensity ratio (I1i/Iz;).

Description of Embodiments

[0017] The preferred embodiments of the present invention will be explained below with
reference to the appended drawings. The features necessary for implementing the present
invention, other than those specifically described in the present detailed description, can be
considered as design maters for a person skilled in the related art. The present invention can
be implemented on the basis of the contents disclosed in the present detailed description and
general technical knowledge in the pertinent field.

[0018] As described hereinabove, the oxidation catalyst for exhaust gas purification disclosed
heroin is advantageous for oxidizing CO contained in the exhaust gas (combustion gas) in a
comparatively low-temperature region and converting it typically into CO,, and can be
preferably used for such applications. In particular, the catalyst can be advantageously used
for exhaust gas purification in a variety of internal combustion engines, in particular

vehicular diesel engines and gasoline engines. The catalyst can be more advantageously used

12



in an exhaust system of a diesel engine in which the exhaust gas temperature is generally
lower than that in the gasoline engine.

An embodiment of the exhaust gas purification device equipped with the oxidation
catalyst for exhaust gas purification disclosed herein will be described hereinbelow with
reference to the appended drawings. The case in which a diesel engine is provided as an
internal combustion engines is explained in detail by way of example, but the application
range of the present invention is not intended to be limited to this diesel engine.

[0019] As shown in FIG. 1, an exhaust gas purification device 100 of the present
embodiment is mainly constituted by an engine unit 1 (the engine unit 1 includes an
accelerator and other operational systems for driving the engine) including a diesel engine as
the main component, an exhaust gas purification unit 40 provided in an exhaust system
communicating with the engine unit 1, and an ECU (electronic control unit, that is, engine
control unit) 30 (see FIG. 2) controlling the exhaust gas purification unit 40 and the engine
unit 1. The oxidation catalyst for exhaust gas purification provided by the present invention
can be used in part of the exhaust gas purification unit 40.

[0020] The engine unit 1 is typically provided with a plurality of combustion chambers 2 and
fuel injectors 3 injecting fuel into the combustion chambers 2. Each combustion chamber 2
communicates with an intake manifold 4 and an exhaust manifold 5. The intake manifold 4
is connected by an intake duct 6 to the outlet of a compressor 7a of an exhaust turbocharger
7. The inlet of the compressor 7a is connected by an intake air amount detector 8 to an air
cleaner 9. A throttle valve 10 is disposed inside the intake duct 6. A cooling device
(intercooler) 11 for cooling the air flowing inside the intake duct 6 is disposed around the
intake duct 6. The exhaust manifold 5 is connected to the inlet of an exhaust turbine 7b of the
exhaust turbocharger 7. The outlet of the exhaust turbine 7b is connected to an exhaust

passage (exhaust pipe) 12 through which the exhaust gas flows.
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[0021] The exhaust manifold 5 and the intake manifold 4 are connected to each other by an
exhaust gas recirculation passage 18 (referred to hereinbelow as EGR passage 18). An
electronically controlled EGR control valve 19 is disposed inside the EGR passage 18.
Further, an EGR cooling device 20 for cooling the EGR gas flowing inside the EGR passage
18 is disposed around the EGR passage 18.

[0022] Each fuel injector 3 is connected by a fuel supply pipe 21 to a common rail 22. The
common rail 22 is connected through a fuel pump 23 to a fuel tank 24. In this configuration,
the fuel pump 23 is a capacity-variable electronically controlled fuel pump. However, the
configuration of the fuel pump 23 is not particularly limited.

A fuel supply valve 15 as a fuel supply means for supplying (injecting) the reducing
agent, more specifically fuel (for example, a hydrocarbon) into the exhaust gas, and the
below-described exhaust gas purification unit 40 are disposed in the order of description from
the upstream side (left side in FIG. 1) to the downstream side (right side in FIG. 1) inside the
exhaust passage (exhaust pipe) 12. Various devices (injectors or the like) that can inject fuel
into the exhaust pipe 12 can be used as the fuel supply means.

As shown in FIG. 1, the exhaust gas purification unit 40 is provided with an oxidation
catalyst 50 for exhaust gas purification (DOC) which serves for oxidizing CO and HC
contained in the exhaust gas, and a particulate filter (DPF) 80 collecting the particulate matter
(PM) contained in the exhaust gas. A temperature sensor 50a for detecting the temperature of
the oxidation catalyst 50 for exhaust gas purification is mounted on the catalyst 50, and a
temperature sensor 80a for detecting the temperature of the particulate filter 80 is mounted on
the particulate filter 80. The temperature sensors 50a, 80a can be replaced with other means
capable of estimating the catalyst temperature, and the arrangement positions of the
temperature sensors 50a, 80a (or of other means) are not limited to those shown in the

figures. Further, a differential pressure sensor 80b for detecting the difference in temperature
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between the locations before and after the filter 80 is mounted on the filter 80. The
arrangement position of the fuel supply valve 15 is not limited to the above-described
position, and the fuel supply valve may be disposed at any position, provided that the fuel can
be supplied to the exhaust gas upstream of the exhaust gas purification unit 40.

[0023] As shown in FIG. 2, the ECU 30 is a unit that controls the engine unit 1 and the
exhaust gas purification unit 40 and includes a digital computer and other electronic devices
as structural components, in the same manner as a typical control device. Typically, the ECU
30 has a ROM (read only memory), a RAM (random access memory), a CPU
(microprocessor), and an input port, and an output port connected to each other by a
bidirectional bus.

A load sensor generating an output voltage proportional to the depression amount of
an accelerator pedal (not shown in the figure) is connected to the accelerator pedal. The
output voltage of the load sensor is inputted through a corresponding AD converter to an
input port. A crank angle sensor generating an output pulse each time a crankshaft rotates
through a predetermined angle (for example 10°) is connected to the input port.

[0024] The output signals from the temperature sensors 50a, 80a and differential pressure
sensor 80b of the exhaust gas purification unit 40 are inputted via the respective
corresponding AD converters to the input port of the ECU 30. Meanwhile, the output port of
the ECU 30 is connected through the corresponding drive circuits to the fuel injectors 3, a
step motor for driving a throttle valve 10, the EGR control valve 19, the fuel pump 23, and
the fuel supply valve 15. The fuel injectors 3 and the fuel supply valve 15 are thus controlled
by the ECU 30. For example, the fuel (HC) can be supplied in a spot-like manner (or
periodically) from the fuel supply valve 15 disposed in the exhaust passage 12, so that the

temperature of the exhaust gas discharged from the engine unit 1 increases.
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More specifically, the ECU 30 causes the fuel to be supplied (injected) from the fuel
supply valve 15 into the exhaust pipe 12 on the basis of temperature information (signal)
inputted from the temperature sensor 50a provided at the oxidation catalyst 50 for exhaust gas
purification and/or the temperature sensor 80a provided at the particulate filter 80, or on the
basis of pressure information (signal) inputted from the differential pressure sensor 80b.
Thus, the ECU 30 actuates the fuel supply valve 15 at a predetermined time and timing to
supply (inject) the fuel into the exhaust pipe 12 when the value (pressure signal) from the
differential pressure sensor 80b inputted in a predetermined time cycle is detected to be equal
to or higher than a predetermined value (that is, a differential pressure equal to or higher than
a predetermined value), and/or when the value (temperature signal) from the temperature
sensors 50a, 80a inputted in a predetermined time cycle is detected to be equal to or lower
than a predetermined value (that is, a temperature equal to or lower than a predetermined
value). When the differential pressure less than the predetermined value, or the temperature
above the predetermined value is detected, the fuel is not supplied. The exhaust gas heated to
a high temperature by the oxidation heat generated when the supplied fuel (HC) is oxidized in
the oxidation catalyst 50 for exhaust gas purification raises the temperature of the filter 80 to
a PM burning start temperature, thereby inducing the PM regeneration treatment, that is, the
treatment by which the PM (particulate matter) collected in the filter 80 is burned and
removed.

The configuration of the above-described control system does not by itself specify the
present invention, and the control system that has been conventionally used in internal
combustion engines (automotive engines) of this type can be used. More detailed explanation
thereof is herein omitted.

[0025] The oxidation catalyst 50 for exhaust gas purification will be explained below in

greater detail.
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The oxidation catalyst for exhaust gas purification explained herein takes a powder-
shaped or pellet-shaped form constituted by the abovementioned support and a noble metal
(oxidation catalyst metal) supported on the support, but when the catalyst is provided in the
exhaust system of an internal combustion engine such as a vehicle engine, an appropriate
base material is typically provided.

Materials of various types and forms that have been conventionally used for such
applications can be used as the base material. For example, a honeycomb base material
having a honeycomb structure formed from a ceramic material such as silicon carbide (SiC)
or cordierite having high heat resistance, or an alloy (stainless steel or the like) can be
advantageously used. A honeycomb base material with a cylindrical outer shape is a suitable
example. In such a material, through holes (cells) serving as exhaust gas passages are
provided in the axial direction of the cylinder, and the exhaust gas can come into contact with
a partition wall (rib wall) of each cell. The base material can have not only the honeycomb
shape, but also a foam shape or a pellet shape. The entire base material can also have a
columnar shape with an elliptical or polygonal, rather than circular, cross section.

FIG. 3 is a schematic diagram illustrating the configuration of the oxidation catalyst
for exhaust gas purification according to one embodiment. Thus, as shown in FIG. 3, the
oxidation catalyst 50 for exhaust gas purification according to the present embodiment has a
honeycomb base material 52, a plurality of regularly arranged cells 56, and rib walls 54
constituting the cells 56.

Various materials that have been conventionally used for such applications can be
used without any particular limitation for the base material. For example, honeycomb base
materials having a honeycomb structure formed from a ceramic material such as cordierite
and silicon carbide (SiC) or an alloy (stainless steel or the like) can be advantageously used.

A honeycomb base material with a cylindrical outer shape is a suitable example. In such a
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material, through holes (cells) serving as exhaust gas passages are provided in the axial
direction of the cylinder, and the exhaust gas can come into contact with a partition wall (rib
wall) of each cell. The base material can have not only the honeycomb shape, but also a
foam shape or a pellet shape. The entire base material can also have a columnar shape with
an elliptical or polygonal, rather than circular, cross section.

[0026] FIG. 4 is an enlarged cross-sectional view illustrating schematically the oxidation
catalyst 50 for exhaust gas purification disclosed therein. As shown in FIG. 4, the oxidation
catalyst 50 for exhaust gas purification is provided with a base material 60 (corresponds to
the rib walls 54) and a catalyst coat layer 62 formed on the base material 60.

The catalyst coat layer 62 may have a uniform configuration through the entire layer,
or may be formed, as shown in FIG. 4, to have a two-layer structure, more specifically, a two-
layer structure constituted by a lower layer section (bottom layer section) 64 close to the
surface of the base material 60 and an upper layer section (surface layer section) 66 which is
relatively far from the surface of the base material 60. The substances constituting the
catalyst coat layer will be explained hereinbelow in greater details on the basis of the catalyst
coat layer 62 having such two-layer structure.

[0027] The catalyst coat layer 62 of the oxidation catalyst 50 for exhaust gas purification
disclosed herein is provided with supports 63, 65 mainly constituted by the above-described
composite metal oxide, that is, the AZT oxide or AZ oxide. The expression "mainly
constituted" used herein means to include a support that is constituted only by the AZT oxide
or AZ oxide, and a support that also can include other compounds (for example, alumina or
silica) that are used as supports for oxidation catalyst for exhaust gas purification for such
application, with a portion thereof exceeding 50% by volume (or by mass) (for example, 70

to 80% or more) being constituted by the AZT oxide or AZ oxide.

18



Thus, the supports 63, 65 constituting the oxidation catalyst 50 for exhaust gas
purification disclosed herein may be constituted only by the AZT oxide and/or AZ oxide, but
also may include another compound (typically, an inorganic oxide) as an auxiliary
component.

Examples of such compounds include metal oxides such as alumina (Al,Os), e.g., y-
alumina, silica (Si10»), zirconia (Zr0O,), magnesia (MgO), titanium oxide (titania: TiO;), and
ceria (CeOy), or a solid-solution (for example, ceria-zirconia (CeO,-ZrO,) composite oxide)
thereof. A support with a high content ratio of the AZT oxide and/or AZ oxide in which the
content ratio (mass ratio) of those auxiliary components is equal to or less than 30% of the
entire support (for example, 5 to 30% by mass of the entire support), or a support constituted
only by the AZT oxide and/or AZ oxide is particularly preferred.

Further, a support with a crystallite size determined by X-ray diffraction (XRD) equal
to or less than 10 nm (typically 1 nm to 10 nm, in particular 2 nm to 5 nm) is preferred as the
support to be used. By using the support with such a crystallite size, it is possible to form an
oxidation catalyst for exhaust gas purification that demonstrates higher catalytic activity.
[0028] The AZT oxide and AZ oxide constituting the support of the oxidation catalyst for
exhaust gas purification in accordance with the present invention will be explained below in
greater detail.

As mentioned hereinabove, in the oxidation catalyst for exhaust gas purification
disclosed herein, the AZT oxide or AZ oxide constituting the support is a composite metal
oxide including Al and Zr, or Al, Zr and Ti as the constituent metal elements, at the following

mass ratios, in terms of oxides:

Al O3 40 to 99% by mass,
710, 1 to 45% by mass,
TiO, 0 to 15% by mass.
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The AZT oxide preferably includes those constituent metal elements, in terms of
oxides, at the following ratios: Al,O3 50 to 90% by mass, ZrO, 5 to 40% by mass, and TiO,
equal to or less than 15% by mass (for example, 1 to 15% by mass, in particular, 2 to 15% by
mass). Itis even more preferred that those constituent metal elements, in terms of oxides, be
contained at the following ratios: Al,O3 50 to 80% by mass, ZrO; 10 to 40% by mass, and
TiO; 1 to 15% by mass (in particular, 2 to 15% by mass). It is especially preferred that the
content ratios satisfy the following relationship: ZrO; > TiO,.

Further, the AZ oxide preferably includes those constituent metal elements, in terms
of oxides, at the following ratios: Al,O3 60 to 95% by mass and ZrO; 5 to 40% by mass. It is
even more preferred that those constituent metal elements, in terms of oxides, be contained at
the following ratios: Al,O3 60 to 90% by mass and ZrO, 10 to 40% by mass.

[0029] The AZT oxide or the AZ oxide including the metal elements at the abovementioned
ratios makes it possible to obtain an acidic-basic catalyst support having a particularly good
balance of acid amount (acid centers) and base amount (base centers) with respect to the
supported noble metal (oxidation catalyst metal).

Thus, in the base centers, that is, the sites of atoms or atom associations
demonstrating basic properties, which are present on the surface of the support (solid body)
constituted by the AZT oxide (or AZ oxide) of the abovementioned configuration, atoms
(ions) of a noble metal, such as palladium or platinum, are strongly fixed (supported) through
oxygen atoms (typically, O%). Therefore, a strong sintering inhibition effect is demonstrated,
and the noble metal grains can be prevented from growing.

Meanwhile, in the acid centers, that is, the sites of atoms or atom associations
demonstrating acidic properties, which are present on the surface of the support (solid body)
constituted by the AZT oxide (or AZ oxide) of the abovementioned configuration, electrons

of the atoms (ions) of a noble metal, such as palladium or platinum, which is supported at this
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site, are caused to drift to the support side, whereby the bonding force of the oxygen present
on the noble metal surface to the noble metal is weakened, thereby making it possible to
increase the activity of the oxygen (typically, O%) and increase the oxidation power of CO
into CO,.

The surface of the support (solid body) constituted by the AZT oxide (or AZ oxide)
with the above-mentioned mass ratios has a good presence ratio (balance) of acid centers and
base centers demonstrating the abovementioned operation effect.

As a result, the grain growth of the noble metal (particulate) supported on the support
can be inhibited and the decrease in the number of catalytically active centers can be
prevented even when the catalyst support is exposed to the high-temperature exhaust gas.
Furthermore, stable CO oxidation can be continuously demonstrated and efficient oxidation
(purification) treatment of the exhaust gas can be performed even in the case of a low-
temperature exhaust gas.

[0030] It is especially preferred that the support disclosed herein have an initial specific
surface area A equal to or greater than 110 m*/g, typically 100 m*/g < A < 200 m*/g (for
example, 120 m*/g < A < 180 m*/g) in measurements by a BET 1 point method (nitrogen
adsorption method). The support having such an initial specific surface area can ensure and
maintain a sufficient number of sites in which atoms (ions) of a noble metal such as
palladium and platinum can be supported.

[0031] Further, the preferred support, from among the supports disclosed herein, is mainly
constituted by the composite metal oxide including Ti (that is, the AZT oxide) as the
constituent metal element, such that a TiO, peak is substantially undetectable by X-ray
diffraction (XRD) even after thermal durability treatment conducted for 3 hours at 1000°C in
the air. A specific feature of the support is that typically the intensity ratio (Iri/Iz) of the

XRD peak intensity (Iri) of rutile-type titania (TiO») at a 20 angle of 27 degrees (+0.2
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degrees) to the XRD peak intensity (Iz) of zirconia (ZrO,) at a 26 angle of 30 degrees (+0.2
degrees) is equal to or less than 0.05, typically equal to or less than 0.02 (in particular, equal
to or less than 0.01). Here, 0 is a diffraction angle in X-ray diffraction.

When the dispersion state of the Al component, Zr component, and Ti component in
the AZT oxide is not good, crystallites grow under the effect of the durability treatment (heat
treatment) and XRD peaks tend to appear. This trend is particularly strong when the content
ratio of the Ti component (TiO,) is low. For example, when the dispersivity of the Zr
component (ZrO,) in which the Ti component (TiO,) has been dissolved and of the Al
component (Al,Os) is poor, the grains of the Ti component (TiO,) grow with the grain growth
of the Zr component (ZrO,). Therefore, structural uniformity of the AZT oxide can be
evaluated by observing the XRD peak of the Ti component (TiO,) after the abovementioned
thermal durability treatment.

Thus, in the AZT oxide that features the intensity ratio (I1i/1z) equal to or less than
0.05, typically equal to or less than 0.02 (in particular, equal to or less than 0.01), the three
components, namely, the Al component, Zr component, and Ti component, are present in a
state with a high degree of dispersivity, and a particularly high catalytic activity can be
realized.

[0032] A method for manufacturing the AZT oxide or AZ oxide is not particularly limited,
and the oxide can be manufactured, for example, by a co-precipitation method, a sol-gel
method, and a hydrothermal synthesis method. For example, the AZT oxide or AZ oxide
with the target mass ratio (composition ratio) can be obtained by a typical co-precipitation
method including a process of mixing, as desired, an appropriate surfactant with a mixed
aqueous solution constituted by water-soluble salts (for example, nitrates) of aluminum,

zirconium, and optionally titanium, then adding an alkaline substance (ammonia water or the
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like) to increase gradually pH, thereby generating a co-precipitate, and then heat treating the
co-precipitate.

[0033] As shown schematically in FIG. 4, the supports 63, 65 constituting the catalyst coat
layer 62 of the oxidation catalyst 50 for exhaust gas purification disclosed herein can include
various noble metal particles 72, 74 as the oxidation catalyst metal 70. For example,
palladium (Pd), platinum (Pt), ruthenium (Ru), and gold (Au) are the preferred noble metal
species. In the catalyst for oxidizing CO and other compounds, those noble metals may be
also used in the form of alloys.

Palladium (Pd) and/or platinum (Pt) is the preferred noble metal species capable of
functioning as the oxidation catalyst metal 70. In terms of catalytic activity, those noble
metals demonstrate oxidation power higher than that of other metal species and are preferred
for CO oxidation. Palladium (Pd) is particularly preferred because it demonstrates high
resistance to HC poisoning and can maintain high catalytic activity even when HC is
contained at a comparatively high concentration in the exhaust gas. Further, platinum (Pt) is
also an advantageous oxidation catalyst metal since it demonstrates good catalyst
performance in oxidizing CO contained in low-temperature exhaust gas and is resistant to the
so-called sulfur poisoning (S poisoning), which is the reduction in oxidation performance
(purification performance) caused by coating with a sulfur component (for example, sulfur
oxide). However, since platinum has low resistance to the aforementioned HC poisoning, it
is preferred that platinum be used in combination with the below-described hydrocarbon
adsorbent. Further, as shown in the figure, it is preferred that platinum particles 72 be used
together with palladium particles 74.

[0034] From the standpoint of increasing the surface area of contact with the exhaust gas, it is
preferred that the palladium particles 74 have a sufficiently small diameter. Typically, it is

preferred that the average particle diameter of noble metal particles determined by a CO pulse
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adsorption method be about 5 nm or less, and in the oxidation catalyst for exhaust gas
purification disclosed herein, the noble metal particles with an average particle diameter
equal to or less than 5 nm can be prevented from sintering and this particle diameter can be
maintained even in a long-term usage. It is especially preferred that the average particle
diameter of the noble metal particles be equal to or less than 2 nm.

The amount of the noble metal particles contained in the oxidation catalyst for
exhaust gas purification disclosed herein is not particularly limited, provided that CO and HC
contained in the exhaust gas can be oxidized (purified). For example, a suitable content of
the oxidation catalyst metal in a unit volume (1 L) of the catalyst coat layer is equal to or less
than about 20 g/L, and the preferred content is about 1 to 10 g/L. For example, the
advantageous content is about 1 to 5 g/L. Where the content of the oxidation catalyst metal is
less than 1 g/L, the oxidation catalyst metal amount appears to be insufficient. Meanwhile,
where the content of the oxidation catalyst metal exceeds 20 g/L, the sintering (grain growth)
can be enhanced. Such a content is also undesirable from the standpoint of cost.

Where palladium particles 74 are used together with platinum particles 72 when the
catalyst coat layer 62 having a two-layer structure, such as shown in FIG. 4, is formed, the
content ratio of the palladium particles 74, which have high resistance to HC poisoning, may
be set higher for the upper layer section 66 than for the lower layer section 64. In other
words, the content ratio of the platinum particles 72, which have high CO oxidation power,
but low resistance to HC poisoning, may be set higher in the lower layer section than in the
upper layer section.

[0035] As shown schematically in FIG. 4, the oxidation catalyst 50 for exhaust gas
purification disclosed herein can be provided with a hydrocarbon adsorbent 68. The

hydrocarbon adsorbent is particularly preferred when exhaust gas from a diesel engine is
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processed. The hydrocarbon adsorbent 68, as referred to herein, is a material having a porous
structure and adsorbing hydrocarbons into the porous structure.

Zeolite particles selected from the group consisting of A-type zeolite, ferrierite-type
zeolite, ZSM-5 zeolite, mordenite-type zeolite, B-type zeolite, X-type zeolite, Y-type zeolite,
and combinations thereof can be used as the hydrocarbon adsorbent 68. It is preferred that a
particulate zeolite be used.

Further, when the catalyst coat layer 62 with a two-layer structure, such as shown in
FIG. 4, is formed, from the standpoint of rapidly adsorbing HC contained in the exhaust gas,
it is preferred that the hydrocarbon adsorbent 68 such as zeolite particles be contained at least
in the upper layer section 66.

The content of the hydrocarbon adsorbent 68 such as zeolite particles in the oxidation
catalyst for exhaust gas purification disclosed herein is not particularly limited, provided that
HC contained in the exhaust gas can be advantageously adsorbed, and this content is a design
matter that can be changed according to the HC adsorption performance of the hydrocarbon
adsorbent 68 used. For example, the appropriate content of the hydrocarbon adsorbent per
unit volume (1 L) of the catalyst coat layer is about 10 to 200 g/L, and the preferred content is
about 20 to 100 g/L.

[0036] The catalyst coat layer 62 of the oxidation catalyst for exhaust gas purification
disclosed herein can be formed by wash coating a slurry including a particulate support and
metal particles supported on the support on the surface of the base material 60 (54).

When the catalyst coat layer 62 with a two-layer structure, such as shown in FIG. 4, is
formed, the upper layer section 66 can be formed, first, by wash coating a slurry for forming
the lower layer section 64 on the base material 60 (54) and then wash coating the slurry for
forming the upper layer section 66 on the surface of the lower layer section 64. It is preferred

that a binder be included in the slurry in order to attach closely the slurry, as appropriate, to
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the surface of the base material 60 (54) (or the surface of the lower layer section 64) in the
process of forming the catalyst coat layer 62 (64, 66) by the wash coat method. For example,
alumina sol or silica sol can be used as the binder.

The conditions for firing the wash-coated slurry depend on the shape and dimensions
of the base material 60 (54) or support 63, 65, but the firing is typically performed for a
period of time equal to or less than 6 hours (for example, about 1 to 4 hours) at a temperature
about 400 to 1000°C (for example, 500 to 600°C). The formation of the catalyst coat layer
on the basis of such a wash coating method can be implemented by a method that is used for
producing the conventional oxidation catalyst for exhaust gas purification and is not a
specific feature of the present invention.
[0037] The catalyst coat layer formed in the oxidation catalyst for exhaust gas purification
disclosed herein may have any thickness, provided that the catalyst can demonstrate
advantageous functions in treating the exhaust gas. The appropriate thickness is typically
about 10 um to 200 pm, and the preferred thickness is about 30 um to 100 um. The
thickness referred to herein is an average thickness. For example, the average thickness can
be obtained by cutting the base material at positions at a distance of about 35 mm from the
exhaust gas inflow end surface and outflow end surface, measuring the thickness of the
catalyst coat layer in the corner portions and side portions (a total of 16 locations) with
respect to any four cells at each end surface side, and calculating an average value of the
measured values.
[0038] The contents of the present invention will be described below in greater detail based
on several test examples, but the present invention is not intended to be limited to the
contents disclosed in the specific examples below.
[0039] <Test Example 1: Example of manufacturing an oxidation catalyst using the AZT

oxide or AZ oxide as a support>
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Several types of samples (oxide powders) of AZT oxides or AZ oxides with mutually
different mass ratios were fabricated. More specifically, oxide powders of a total of 16 types
(the powders of sample 1-1 and sample 2-1 are identical) of samples 1-1 to 1-6, 2-1 to 2-5, 3-
1, and 4-1 to 4-4 shown in Table 1 were prepared.

[0040] [Table 1]

Sample No. Al,O4 710, TiO, Si0,
1-1 60 28 12 -
1-2 80 14 6 -
1-3 66 24 10 -
1-4 50 35 15 -
1-5 33 47 20 -
1-6 20 56 24 -
2-1 60 28 12 -
2-2 60 40 - -
2-3 60 36 4 -
2-4 60 20 20 -
2-5 60 12 28 -
3-1 100 - - -
4-1 90 - - 10
4-2 80 - - 20
4-3 70 - - 30
4-4 50 - - 50

(Volumes are expressed in percent by mass.)

[0041] More specifically, aluminum nitrate was dissolved in pure water to prepare an

aqueous solution as an Al source (aqueous solution 1). Likewise, zirconium oxynitrate was
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dissolved in pure water to prepare an aqueous solution as a Zr source (aqueous solution 2).
Titanium tetrachloride was dissolved in pure water to prepare an aqueous solution as a Ti
source (aqueous solution 3). An aqueous ammonia solution including ammonia in an amount
that is by a factor of 1.2 greater than necessary was prepared as an alkaline solution capable
of neutralizing the prepared aqueous solutions 1 to 3.

Some of the aqueous solutions 1 to 3 were selected according to the sample
composition that is the object of fabrication, and the predetermined amounts thereof were
added to and mixed with a predetermined amount of the aqueous ammonia solution under
stirring performed with a stirrer. After the adding, the stirring was continued for at least 1
hour or longer and the mixed solution was then filtered and a precipitate was recovered. The
obtained precipitate was dried in the air at 150°C and then calcined for 5 hours at 600°C in
the air. The fired products thus obtained were pulverized to obtain powders of samples 1-1 to
1-6 and 2-1 to 2-5 including Al, Zr and Ti, or Al and Zr at mass ratios, in terms of oxides,
shown in Table 1 and sample 3-1 (alumina).

[0042] Further, aluminum isopropoxide and tetraethoxysilane were dissolved in ethanol at a
predetermined weight ratio, the solution was stirred for 2 hours at 60°C, subjected to
hydrolysis by a sol-gel method, and then cooled to room temperature and filtered. The
obtained precipitate was dried in the air and then calcined for 2 hours at 600°C in the air.
The calcined products thus obtained were pulverized to obtain the powders of samples 4-1 to
4-4 including Al and Si, in terms of oxides, at the mass ratios shown in Table 1.

[0043] Pellet-shaped oxidation catalysts for exhaust gas purification were prepared by using
the powders of the samples prepared in the above-described manner. More specifically, a
tetraamine platinum nitrate solution and aqueous solution of palladium nitrate adjusted to
appropriate concentrations and an appropriate amount of pure water were mixed with the

power of each sample serving as a substrate, the mixtures were stirred for 2 hours and then
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dried at 130°C and calcined for 1 hour at 500°C in the air to produce oxidation catalysts for
exhaust gas purification for each sample supporting platinum (Pt) particles and palladium
(Pd) particles. The supported amount of platinum (Pt) particles and palladium (Pd) particles
was 1% by mass (Pt) and 1.5% by mass (Pd), with the support being taken as 100% by mass.

The powders supporting the noble metal particles that have thus been obtained were
press molded into pellets and used for the below-described tests.
[0044] <Test Example 2: Measurement of acid amount and base amount>

The acid amount and base amount of each sample were evaluated on the basis of a
typical temperature-programmed desorption (TPD). Regarding the acid amount, the supplied
samples were caused to adsorb ammonia as a base probe molecule, and the amount ammonia
desorbed with the increase in temperature and the desorption temperature were measured
(NH3-TPD). Meanwhile, regarding the base amount, the supplied samples were caused to
adsorb carbon dioxide as an acid probe molecule, and the amount of carbon dioxide desorbed
with the increase in temperature and the desorption temperature were measured (CO,-TPD).

Then, the acid amount and base amount for each sample were determined from a
value (integrated value/sample weight) obtained by dividing an integrated value of ion
intensity (acid amount m/z =16, base amount m/z = 44) obtained from the mass (MASS)
measurement with a mass analyzer by the sample weight. The analysis results are shown in
FIGS. 5 to 8. Thus, FIG. 5 is a graph showing the relationship between the acid amount of
each supplied sample and the Al,O3 amount. FIG. 6 is a graph showing the relationship
between the base amount of each supplied sample and the Al,O3 amount. FIG. 7 is a graph
showing the relationship between the base amount of each supplied sample and the TiO»
amount. FIG. 8 is a graph showing the relationship between the acid amount of each supplied

sample and the ZrO, amount. The results shown in the graphs demonstrate changes in acid
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centers and base centers between the AZT oxides (or AZ oxides) having Al,O3, ZrO,, and
TiO; (in terms of oxides) at different mass ratios.
[0045] <Test Example 3: Evaluation of noble metal sintering inhibition effect>

Catalytic activity (catalytic activity of CO oxidation) and the state of the catalysts
after thermal degradation durability treatment were then evaluated. Thus, the oxidation
catalysts (pellets) for exhaust gas purification of the samples were calcined for about 5 hours
at 750°C in the air.

The average particle diameter of palladium particles contained in each sample after
the abovementioned calcining (that is, after thermal degradation) for 5 hours at 750°C was
calculated by a CO pulse adsorption method. The results are shown in the graph in FIG. 9.
As follows from the results shown in the graph, for example, when the palladium support
amount was 1.5% by mass, it was found that by using the AZT oxide or AZ oxide with a ratio
of the base amount to the aluminum support (sample 3-1) of about 0.25 or higher as a
support, it was possible to maintain the average particle diameter of palladium particles after
the thermal degradation at 2 nm or less. The average particle diameter changes depending on
the supported amount, but the trend to the decreasing average particle diameter does not
change within the appropriate range of base amount.

[0046] <Test Example 4: Evaluation of CO oxidation activity>

Then, 1 g of the catalyst (pellet) after the abovementioned calcining was placed in an
evaluation device, and the gas of the composition shown in Table 2 was flown in at the inlet
gas temperature set to 500°C. The gas flow rate was 15 L/min.

More specifically, after 1 g of the oxidation catalyst for exhaust gas purification was
placed in the evaluation device, the gas of the composition shown in Table 2 was caused to
flow in at a gas flow rate of 15 L/min, while the oxidation catalyst for exhaust gas

purification was heated from 65°C at a temperature rise rate of 20°C/min, and the
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concentration of carbon monoxide (CO) in the outlet was measured. The temperature at the
time the CO concentration at the gas loading time was reduced by 50 mol% by purification
was calculated as the CO 50% purification temperature (°C).

[0047] [Table 2]

Gas composition CO/C;He/NO/O,/CO/H,0 = 1500 ppm/1000 ppmC/200

ppm/10%/10%/3% (balance gas: N»)

Gas flow rate 15 L/min

Temperature rise rate 20°C/min

[0048] FIG. 10 shows the calculated CO 50% purification temperature (°C) and the average
particle diameter of palladium particles after the abovementioned thermal degradation. The
results shown in the graph clearly indicate that the CO 50% purification temperature equal to
or lower than 180°C, which was a good result, was obtained in a sample in which the average
particle diameter of palladium particles was maintained at 2 nm or less.
[0049] <Test Example 5: Evaluation of state of noble metal (Pt and Pd) in catalyst>

The electron state (valence) of the noble metal (Pt and Pd) supported on the catalyst
supports of the samples was examined by an in-situ X-ray absorption fine structure analysis
(XAFS). Thus, after the oxidation treatment performed in the oxidation atmosphere (10% O-,
residual gas N») was performed in advance at S00°C, the temperature was lowered to 65°C
and the height of the peak originating in a d-electron vacancy called White Line was
measured from L3-edge spectra of platinum and palladium by using the available X-ray
absorption fine structure analyzer. It is known that the valence of the test metal species
increases with the increase in the peak intensity. The normalized peak height was obtained
by normalizing, with the absorption height of the L3-edge taken as 1. The results for Pt are

shown in FIGS. 11 and 12, and the results for Pd are shown in FIGS. 13 and 14.
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[0050] The graphs clearly show that where the ratio of the acid amount to that of the alumina
support (sample 3-1) was greater than 1, the noble metal (Pt, Pd) supported on the support
could maintain the single metal (that is, low-valence) state without entering the oxide (that is,
high-valence) state, regardless of the abovementioned oxidation treatment at 500°C. For this
reason, as shown in FIGS. 12 and 14, the CO 50% purification temperature equal to or less
than 190°C, which was a good result, was obtained.

[0051] <Test Example 6: Measurement of specific surface area of support>

The specific surface area of oxide powders of samples 1-1, 1-3, 1-4, and 1-5, from
among the oxide powders shown in Table 1, was measured on the basis of a typical BET 1
point method (nitrogen adsorption method) using nitrogen as the adsorption gas. The results
are shown in FIG. 17.

As follows from the graph (FIG. 17), in samples 1-4, 1-1, and 1-3 in which the
content ratio of Al component (Al,O3), in terms of oxides, was equal to or higher than 40%
by mass, the specific surface area was greater than 110 rn2/g (more specifically, equal to or
greater than 140 m2/g and less than 20 mz/g). Meanwhile, in sample 1-5 in which the content
ratio of Al component (Al,O3), in terms of oxides, was less than 40% by mass, the specific
surface area was less than 110 mz/g.

[0052] <Test Example 7: Measurement of XRD peak intensity ratio (I1i/Iz;) of support>

The XRD peak intensity ratio (Ii/Iz) after thermal durability treatment of oxide
powders of samples 1-1, 2-3, and 2-4, from among the oxide powders shown in Table 1, was
examined. Thus, the samples were disposed inside an electric furnace (furnace atmosphere
was air) and heat treated for 3 hours at 1000°C. Then, XRD patterns were measured for the
samples cooled to room temperature, and the ratio (I1i/Iz;) of the peak intensity (Ir;) of rutile-

type titania (TiO,) at a 20 angle of 27 degrees (+0.2 degrees) to the peak intensity (Iz) of
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zirconia (ZrO,) at a 26 angle of 30 degrees (0.2 degrees) was measured. The results are
shown in FIG. 18.

As clearly follows from the graph (FIG. 18), for the samples 2-3 and 1-1 for which the
content ratio of Ti component (T10,), in terms of oxides, was equal to or less than 15% by
mass, the peak intensity (I1i/Iz) was equal to or less than 0.02, and the peak of TiO; at a level
substantially undetectable by the XRD. Meanwhile, in the sample 2-4 in which the content
ratio of Ti component (Ti0Oy), in terms of oxides, was 20% by mass, the peak intensity (I1i/Iz)
was greater than 0.1 and close to 0.15, and the growth of TiO, grains was observed.

[0053] As follows from the results of the above-described test examples, in the oxidation
catalyst for exhaust gas purification disclosed herein, by using the AZ oxide or AZT oxide
with a mass ratio (in terms of oxides) of Al and Zr, or Al, Zr and Ti within the above-
described ranges, it is possible to realize the balanced operation effects in the base sites and
acid sites. Therefore, the substance which is the object of purification, such as CO in exhaust
gas, can be effectively and stably oxidized (purified) over a long period of time not only in a
high-temperature range, but also in a low-temperature range (for example, about 200 to
400°C, or 200°C or below, for example, about 180°C or below, for example, about 150 to
200°C).

[0054] Several advantageous examples of the oxidation catalyst for exhaust gas purification
disclosed herein will be explained below.

[0055] <Manufacturing example of oxidation catalyst for exhaust gas purification>

In the present example, a total of four samples, namely, sample 1-1, sample 1-2,
sample 1-4, and sample 2-3 were used (Table 1) as the supports (in a powdered state).
Sample 3-1, which was the alumina support was used as a comparative example (Table 1). Pt
and Pd were used as the noble metal. The method and materials for supporting the noble

metals on the support were the same as in the above-described test examples, and the

33



redundant explanation thereof is herein omitted. A BEA-type zeolite (Si/Al ratio = 40) was
used as a hydrogen adsorbent. Further, in the present example, the catalyst coat layer of a
two-layer structure such as shown in FIG. 4 was formed.

The slurry for forming the upper layer section of the catalyst coat layer was prepared
by mixing 25 g/L of a sample support supporting Pt (0.67 g/L) and Pd (0.33 g/L), 60 g/L of
BEA zeolite, an aqueous solution of aluminum nitride with an Al,O3 amount of 17.5 g after
firing as a binder, and an appropriate amount of pure water.

Meanwhile, the slurry for forming the lower layer section of the catalyst coat layer
was prepared by mixing 80 g/L of a sample support supporting Pt (1.33 g/L) and Pd (0.67
g/L), an aqueous solution of aluminum nitride with an Al,O3 amount of 17.5 g after firing as
a binder, and an appropriate amount of pure water.

[0056] The slurry for forming the lower layer section was wash coated on the surface of a
honeycomb base material (volume 2 L) made from cordierite. The lower layer section was
formed by calcining for 1 hour at 500°C after circulation drying.

The slurry for forming the upper layer section was wash coated by the same method
on the lower layer section formed on the base material. The upper layer section was formed
by calcining for 1 hour at 500°C after circulation drying. As a result, oxidation catalysts for
exhaust gas purification were obtained in which the catalyst coat layer of a two-layer
structure was provided on the base material. The material composition ratios (% by mass)

contained in the oxidation catalysts for exhaust gas purification obtained herein is shown in

Table 3 below.
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[0057] [Table 3]

Sample No. Material composition ratio (% by mass)

Al O; ZrO, TiO, Si0,
3-1 (Comparative 71.2 0 0 28.8
Example)
1-1 50.2 14.7 6.3 28.8
1-2 60.7 7.4 3.2 28.8
1-4 45.0 18.4 7.9 28.8
2-3 50.2 18.9 21 28.8

[0058] <Oxidation performance evaluation test>

The oxidation catalysts for exhaust gas purification of five types manufactured in the
above-described manner were subjected to thermal durability treatment by heating for 37
hours at a temperature of 750°C in the air by using an electric furnace.

Exhaust gas was supplied from a diesel engine with a capacity of 2.2 L to the
oxidation catalysts for exhaust gas purification subjected to the abovementioned thermal
durability treatment, and the CO oxidation performance in the exhaust gas was evaluated.
Thus, a NEDC (New European Driving Cycle) mode (see FIG. 15) regulated by the European
emission standards was reproduced using a diesel engine. As a pretreatment, the regeneration
treatment was performed by burning the particulate matter (PM) by setting the catalyst bed
temperature to 600°C for 5 minutes. The revolution speed was adjusted such that the average
temperature of the exhaust gas in "regions 2 to 4" was 150°C, and the CO purification
efficiency (%) in "regions 2 to 4" (average temperature 150°C) was calculated.

[0059] In FIG. 16, the CO purification ratio (%) of each sample is shown as an increase ratio

(%) related to the CO purification ratio of sample 3-1 (comparative example).
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As follows from the results shown in FIG. 16, the oxidation catalysts for exhaust gas
purification (a total of four samples) using the AZT oxide as a support within the contents
disclosed herein maintain high catalytic activity enabling effective oxidation of CO in the
exhaust gas in a low-temperature region even after the thermal durability treatment.
Industrial Applicability
[0060] The oxidation catalyst for exhaust gas purification disclosed herein enables effective
CO oxidation even when the exhaust gas temperature is comparatively low. Therefore, the
oxidation catalyst for exhaust gas purification is advantageous for diesel engines in which the
exhaust gas temperature generally tends to be lower than in gasoline engines.

Reference Signs List
[0061] 1 engine unit

2 combustion chamber

12 exhaust passage (exhaust pipe)

15 fuel supply valve

24 fuel tank

30 ECU

40 exhaust gas purification unit

50 oxidation catalyst for exhaust gas purification (DOC)

52 honeycomb base material

54 rib wall (partition wall)

56 cell (through hole)

60 base material

62 catalyst coat layer

63, 65 supports

64 lower layer section
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66

68

70

72

74

80

100

upper layer section

hydrocarbon adsorbent

noble metal particles (oxidation catalyst metal)
platinum (Pt) particles

palladium (Pd) particles

particulate filter (DPF)

exhaust gas purification device

[0062] The term “comprise” and variants of the term such as “comprises” or “comprising” are

used herein to denote the inclusion of a stated integer or stated integers but not to exclude any

other integer or any other integers, unless in the context or usage an exclusive interpretation of

the term is required.

[0063] Any reference to publications cited in this specification is not an admission that the

disclosures constitute common general knowledge in Australia.
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CLAIMS

1. An oxidation catalyst for exhaust gas purification, comprising:

a base material; and

a catalyst coat layer formed on the base material;

a support constituting at least part of the catalyst coat layer; and

palladium particles and/or platinum particles as noble metal particles that are supported
on the support and catalyze the oxidation of carbon monoxide, wherein

the support is mainly constituted by a composite metal oxide including, in terms of

oxides, Al and Zr, or Al, Zr and Ti as constituent metal elements at the following mass ratios:

Al,O4 40 to 99% by mass,
ZrO, 1 to 45% by mass,
TiO, 0 to 15% by mass, and wherein

the crystallite size of the support determined by X-ray diffraction (XRD) is
1 nm to 10 nm, and

the intensity ratio (Ii/Iz;) of the XRD peak of the support after the thermal durability
treatment conducted for 3 hours at 1000°C in the air is equal to or less than 0.02, wherein the I is
the XRD peak intensity of rutile-type titania (TiO,) at a 20 angle of 27 degrees (£0.2 degrees),
and the I, is the XRD peak intensity of zirconia (ZrO,) at a 26 angle of 30 degrees (+0.2

degrees).

2. The oxidation catalyst for exhaust gas purification according to claim 1, wherein
the composite metal oxide includes, in terms of oxides, Al and Zr, or Al, Zr and Ti at the

following mass ratios:

ALOs 50 to 90% by mass,
71O, 5 to 40% by mass,
TiO, 0 to 15% by mass.

38



30 Oct 2013

2012240909

3. The oxidation catalyst for exhaust gas purification according to claim 1 or 2, wherein
an average particle diameter of the noble metal particles determined by a CO pulse adsorption

method is equal to or less than 5 nm.

4, The oxidation catalyst for exhaust gas purification according to any one of claims 1 to

3, further comprising a hydrocarbon adsorbent in at least part of the catalyst coat layer.

5. The oxidation catalyst for exhaust gas purification according to claim 4, comprising

zeolite particles as the hydrocarbon adsorbent.

6. The oxidation catalyst for exhaust gas purification according to any one of claims 1 to
5, wherein an initial specific surface area of the support measured by a BET 1 point method is

equal to or greater than 110 m*/g.

7. The oxidation catalyst for exhaust gas purification according to any one of claims 1 to

6, that is used for purifying exhaust gas of a diesel engine.

8. An exhaust gas purification device that purifies exhaust gas discharged from an engine,
comprising:

an exhaust passage communicating with the engine; and

an exhaust gas purification unit disposed in the exhaust gas passage, wherein

the exhaust gas purification unit includes the oxidation catalyst for exhaust gas

purification according to any one of claims 1 to 7.

Dated; 30 October 2013
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