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Into a slurry of silica-alumina thereby inducing chemical adsorption, then adding zeolite to the resultant mixture thereby obtaining a
mixed slurry of a noble metal-supporting silica-alumina and zeolite, dipping a refractory three-dimensional structure in the slurry
thereby Inducing deposition of the catalyst component, and subsequently calcining the resultant composite.
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ABSTRACT OF THE DISCLOSURE
A catalyst which purges a diesel engine exhaust gas of
HC, CO, and SOF and reduces the emission of particulates as

well and a method for the production thereof are provided.

The catalyst for purifyving a diesel engine exhaust gas has
deposited on a refractory three-dimensiocnalstructure a
catalyst component comprising silica-alumina supporting at
least one noble metal selected from the group consisting of
platinum, palladium, and rhodium and zeolite. This catalyst
is produced by adding a noble metal compcocnent into a slurry
of silica—-alumina thereby i\nducing chemical adsorption, then
adding zeolite to the resultant mixture thereby obtaining
a mixed slurry of a noble metal-supporting silica-alumina
and zeolite, dippinga refra‘cﬁtory three—-dimensional structure
in the slurry thereby inducing deposition of the catalyst
component, and subsequently calcining the resultant

composite.
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CATALYST PFOR PURIFYING DIESEL ENGINE EXHAUST GAS
AND METHOD FOR PRODUCTION THEREOF

BACKGROUND OF THE INVENTION
Field of the Invention: -

This inventionrelatestoacatalyst forpurifyingdiesel
exhaust gas which purges a diesel engine exhaust gas of
hydrocarbons (hereinafter referred to as “HC”), carbon
monoxide (hereinafter referred to as “CO”), and soluble
organic fractions (hereinafter referred to as “SOF”)
contained thereilin by oxidation and decreases the discharge
diesel particulates and a method for the production thereof.
Description of the Related Art:

In recent years, the particulate matters particularly

in the diesel engine exhaust gas (hereinafter referred to

as "PM”) mainly comprise solid carbon particulates

(hereinafter referred to as “S0O0T”), sulfates (hereinafter
referred to as Vsulfates”), and liguid macromolecular
hydrocarbon particulates (hereinafter referredtoas “SOF”)
and are posing a problem regarding environmental health. The

reason for this anxiety resides in the fact that since the

PM has a particle diameter of not more than 1 pm, it is liable

todrift in the air and enter the human body through breathing.

Thus, theauthorities are formulatingapolicy towardexacting

the control imposed on the emission of the PM from the diesel

englines.

Meantime, the amount of the PM emitted from the diesel

engine has been appreciably diminished owing to the

optimization of the operation of the diesel engine
materialized by the electronic control of the fuel injection

system directed toward exalting its pressure and adapting

1ts timing. This diminution, however, hardly deserves to be
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rated satisfactory. Besilides, the SOF in the PM contains such

harmful fractions as cancerating substances. Thus, the

eliminationof SOFand SOOT aswell has come to forman important

problem.

In search of a means to remove the PM, the feasibility

p—.

of a system of catalysis which seizes the PM fraction in the

diesel engineexhaustgasbyusingadevice formedbydepositing
a catalytic substance capable of burning the PM on such a
refractory three-dimensional structure as a clogged type

ceramlic honeycomb, a ceramic foam, a wire mesh, a metallic

foam, an open-flow type ceramlc honeycomb, or a metallic
honeycomb and as well removes the PM either by forcibly
elevating the temperature of the engine under the exhaust
gas emission conditions (gas composition and temperature)
obtained under the ordinary traveling condition of the diesel
engine or through control of the engine or by using such a
heating means as an electric heater has been being studied.
Generally, as the catalyst for purifying the exhaust

gas of the diesel engine particularly of the grade intended

for use 1n the passenger car, (1) a catalyst manifesting high

efficiency 1n the removal by combustion of such harmful

fractions as unburned hydrocarbons (hereinafter referred to

as "HC”) and carbonmonoxide (hereinafter referred toas “CO”)

besides PM, (2) a catalyst excelling in the so-called

high-temperature stability, namely the ability to endure a
continuous operation under a high load, and (3) a catalyst
excellingintheso-calledabilitytoresist sulfurpoisoning,

namely the insusceptibility to the poisoning caused by the

adhesion of a sulfur oxide on the catalyst observed in the
operation under a low load at a low emission gas temperature

are being sought.

Various proposals have been hitherto advanced with the



10

15

20

25

30

CA 02466409 2004-05-05

object of exalting the e:

gazette of JP-A-HEI 7-24

having platinum and/or

“ficiency of the removal by combustion

of PM, HI, andCOinthediesel engineexhaustgas. Theofficial

260, forexample, disclosesacatalyst

palladium and the oxide of at least

one element selected from the group consisting of tungsten,

antimony, molybdenum,

nickel, wvanadium, manganese, 1ron,

bismuth, cobalt, zinc, and alkaline earth metals deposited

on a refractory inorganic oxide in an amount 1n the range

J—ep

of 5 - 50 mass% based

Then, 1n the official gazette of

on the mass of

po—

the 1norganic oxide.

JP-A-HEI 10-33986, a

p—

catalyst which possesses several kinds of zeolite mixtures

F
P

having di

separate metal oxide selected from the group consisting of

fferent moduli and a platinum family metal and a

i
—

aluminum silicate, aluminum oxide, and titanium oxide, has

the aluminum silicate contaln silicate dioxide at a weight

ratio in the range of 0.005 - 1 relative to aluminum oxide,

and has the platinum family meta.

deposited exclusively on

the separate metal oxid 1s disclosed.

The temperature of the engine exhaust gas tends to fall

under the influence such as of thé FEGR which 1s mounted on

the engine for the purpose of decreasing the NOx in the engine

exhaust gas. The change of the control test mode to the cold

start condition with a view to &

pproximating it to the actual

working environment of the car is also spurring the decrease

of the exhaust gas temperature. Under

these situations, the

conventional catalysts mentioned above are still deficient

1n the ability invariably in the low-temperature regions o:

PM, HC, and CO, though they are appreciably capable of

T}

ﬁ
—

combustion. During the operation at a low exhaust gas

temperature, they are susceptible of the polisoning caused

by the deposition of sulj

areat adisadvantageinsufferingthee

F

"ur oxide on the catalyst and therefore

1clencyof combustion
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of PM, HC, and CO to decline.

This invention has been initiated in appreciation of this true status of
affairs and is directed towards the creation of a catalyst of the quality defined
in (1) - (3) mentioned above for the purification of a diesel engine exhaust
gas, which catalyst possesses satisfactorily the properties particularly

required of a catalyst for use on the passenger car.

SUMMARY OF THE INVENTION

The present inventors have made a diligent study with a view to
accomplishing the creation of the new catalyst mentioned above and have
consequently found a catalyst for purifying a diesel engine exhaust gas which
is found by depositing on a refractory three-dimensional structure a catalytic
component comprising silica-alumina and zeolite and supporting thereon at
least one noble metal selected from the group consisting of platinum,
palladium, and rhodium. This invention has been perfected on the basis of this

knowledge.

Specifically, this invention concerns a catalyst for purifying a diesel
engine exhaust gas, characterized by having deposited on a refractory three-
dimensional structure a catalytic component comprising silica-alumina and
zeolite and supporting thereon at least one noble metal selected from the

group consisting of platinum, palladium, and rhodium.

This Iinvention further concerns a method for the production of a
catalyst for purifying a diesel engine exhaust gas, characterized by adding a
noble metal component into a slurry of silica-alumina, subjecting them to
chemical adsorption, then adding zeolite thereto, dipping a refractory three-
dimensional structure in the resultant mixed slurry of a noble metal-supporting
silica-alumina and zeolite thereby inducing adhesion of a catalytic component,

and
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subsequently calclning the resultant composite.

The catalyst for purifying a diesel engine exhaust gas

according to thilis i1nvention possesses such a configuration

asmentioned above and, therefore, manifestsahighefficiency

e gr—_r.

1n the removal by combustion of such harmful fractions as

unburned hydrocarbons and carbon monoxide besides PM from
a low temperature upward, excels 1in the ability to resist

high temperatures, and excels in the ability to withstand

sulfur poisoning.

BRIEEF DESCRIPTION OF THE DRAWINGS

N

Fig. 1 1s a graph showing the relation between the engine

speed and the magnitude of torgue on the simulation of a travel

in the European emission test mode cycle and

Fig. Z21sagraphshowingtherelationbetweenthecatalyst

inlet temperature of the exhaust gas emitted from an engine

and the time.

DESCRIPTION OF THE PREFERRED EMBODIMENT

Now, this invention will be described in detail below.

This invention is characterizedby combining a composite

having at least one noble metal selected from the group

consisting of platinum, palladium, and rhodium supported on

silica-alumina and zeolite and thereby enabled to manifest

gt

such e:

fectsaspurginganexhaust gasof suchharmful fractions

as unburned hydrocarbons, carbon monoxide, and SOF in the

PM from a low temperature onward, withstanding a

high-temperature continuous operation, excelling in the

abllity to resist high temperatures, defying the poilisoning

P

caused by such adhesion of sulfur oxide onto a catalyst as

Observed during the operation of the engine at a low exhaust

gas temperature, and excelling in the ability to resist the
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sulfur poisoning.

When alumina 1s used, for example, as a basis for

supporting a noble metal, the catalyst consequently formed

indeedproducesadiscernibleeffect inpurgingadiesel engine

exhaust gas of such harmful fractions asunburnedhydrocarbons,

carbon monoxide, and SOF in the PM. When this catalyst 1s

exposed for a long time to an operation proceeding at a low

exhaust gas temperature, however, 1t 1s poisoned by sulfur

to a point where the ability thereof to oxidize such harmful

fractions as unburned hydrocarbons, carbon monoxide, and SOF
in the PM 1s seriously degraded because the SO, contained in

the exhaust gas 1s oxidized by the noble metal and disposed

to succumb to adsorption. Inthecaseofsilica, particularly

when the catalyst 1s exposed for a long time to an operation

proceeding at a high exhaust gas temperature, the ability

of the catalyst to oxidize such harmful fractions as unburned
hydrocarbons, carbon monoxide, and SOF in the PM is
conspicuously degraded.

The physical propertlies of silica-alumina which is used

as a basis for deposition in this invention do not need to
be partilcularly restricted. For application to the actual

diesel car, the silica-alumina advisably possesses a specific

surface area (Brunaer-Emmett-Teller {BET} specific surface

area) 1n the range of 100 - 400 mz/g, preferably 120 - 350

2 e o .
m°/qg. the silica-alumna used has a specific surface area

F

which falls short of 100 mz/g, the shortage will result in

degrading the ability thereof todisperseplatinum, palladium,

andrhodiumand impairingtheabilityof thecatalyst tooxidize

such harmful fractions as unburned hydrocarbons, carbon

monoxide, andSOFinthePM. Conversely, ifthesilica-alumina

used has a specific surface area exceeding 400 m°/g, it no

longer deserves to be rated as thermally stable, succumbs
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to thermal change in the diesel emission gas, and 1ncurs a

great impairment of the ability to oxidize such harmful

fractions as unburned hydrocarbons, carbon monoxide, and SOF

in the PM. Since this excess further results 1n increasing

the amount of deposition of the SO, in the exhaust gas and

consequently degrading the ability of the catalyst to resist

the poisoning of sulfur.

The mass ratio of Si0O, to Al>0z 1n the silica-alumina

Vo

commendably falls 1n the range of 0.02 - 1, preferably in

the range of 0.05 - 0.5. If the mass ratio of Si0, to Al,0;

falls short of 0.02, the shortage will result 1in decreasing
the superiority of the composite, silica—-alumina, to alumina

used singly, disposing the SO, tosuccumbeasily toadsorption,

and consequentlydegradingtheability tooxidize such harmful

fractions as unburned hydrocarbons, carbon monoxide, and SOF

inthe PM. Conversely, ifthemassratioofSi0O,toAl,0Ozexceeds
1, the excess will result in degrading the ability of the
catalyst to oxidize such harmful fractions as unburned
hydrocarbons, carbon monoxide, and SOF in the PM when the
catalyst 1s exposed for a long time to an operation proceeding
at a high exhaust gas temperature.

The silica—-alumina mentioned above 1s preferably used

inapowdery form. Theaverageparticlediameter of the powder

1s 1n the range of 5 - 90 um, preferably 10 - 45 pm.

The role of the zeolite 1n the catalyst of this invention

consists in endowing the catalyst with a function of adsorbing

unburned hydrocarbons under the condition of a low emission

gas temperature at which the catalyst is not activated and

desorbing them after the emission gas temperature has risen.
Most of the desorbed hydrocarbons are burned on the catalyst
which has been activated by the elevation of the temperature.

That is, the zeolite has the role of widening the range of
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temperature in which the unburned hydrocarbons in the exhaust

gas can be adsorbed and removed by combustion. Further, the

zeolite functions to exalt the ability of the catalyst to

resist the poisoning of sulfur because the acidic quality

possessed by the zeollte 1s effectlive 1n repressing the

adsorption to the catalyst of the SOZ2 contained in the exhaust
gas. Of all the types of zeolite, the most suitable for the
addition to the catalyst contemplated by this invention is
beta zeolite.

When-the addition of zeolite is omitted, the absence
entalls a decrease of the ability of the catalyst to oxidize

unburned hydrocarbons particularly in a range of low

temperature and a decrease of the ability of the catalyst
to resist the poisoning of sulfur as well. When zeolite of
a kind other than beta zeolite such as, for example, ZSM-5
or mordenlite i1s used, the function of adsorbing long-chain
hydrocarbons present in t'he diesel engine exhaust gas is lower
than beta zeolite and the effect of decreasing hydrocarbons
1s decreased, though the function of adsorbing hydrocarbons

1s discernible.

The mass ratio of S10, to Al,03 in the zeolite is in the
range of 10 - 150, preferably 18 - 50. If this mass ratio

exceeds 150, the excess will result in lowering the acid point

et =
f—

fect of decreasing

of zeolite and decreasing the e

hydrocarbons particularly in a range of low temperature.

Conversely, 1f the mass ratio falls short of 10, the shortage

willl result in depriving the structure of zeolite of thermal
stability and suffering it to succumb to a thermal change

in the diesel engine exhaust gas and entailing a decrease

in the function of adsorbing hydrocarbons.
Thesilica-alumina andthe zeolite which support at least

onenoblemetal selected fromthe group consistingofplatinum,
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palladium, and rhodium as described above each possess the

functions mentioned above. Only when they are combined, the

catalyst consequently obtained 1s enabled to acquire fully

satisfactorily the properties which are required of the

catalysts of (1) - (3) for purifying a diesel engine exhaust

gas, particularly the catalyst for use in a passenger car.

The catalyst contemplated by this invention is produced
by depositing on a refractory three-dimensional structure
a catalyst component which comprises silica-alumina
supporting at least one noble metal selected from the group

N
pr——

consisting of platinum, palladium, and rhodium, preferably

platinum and zeolite, preferably beta zeolite.

The raw material for the noble metal mentioned above

does not need to be particularly restricted. For example,

nitrates, acetates, chlorides, sulfates, oxides, peroxides,
and hydroxides areavailable. Tocitesomeexamples, platinum
chloride, aqueous platinum nitrate solution, and aqueous
dinitrodiammine platinum (II) nitrate solution are starting

raw materials for platinum, agqueocus palladium nitrate

solution ls a starting rawmaterial for palladium, and agueous

rhodiumnitrate solutionisastartingrawmaterial for rhodium,

for example.

Various methods are available for the production of such
anoblemetal. Forexample, anoblemetal component mentioned
above 1s added to a slurry of silica-alumina and they are

stirred. During this stirring, they are optionally heated

to promote the reaction of the noble metal component and the

silica-alumina. The temperature reached by this heating is

in the range of 15° - 500°C, preferably in the range of 25°
- 150°C. Consequently, the noble metal component is

chemically adsorbed by the silica-alumina.

Then, the slurry of the silica-alumina which has
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chemically adsorbed the noble metal 1s opticonally dried by
heating. Thedryor slurryand zeolite of a prescribed amount
are added together and subsequently subjected to dry
pulverization or wet pulverization. When the resultant

F

powder 1s a product of wet pulverization, it is directly

slurried. When it is a product of dry pulverization, it is

slurried 1n the presence of water. The refractory

three-dimensional structure is dipped in the slurry to induce

deposition of the catalyst component on the structure.
Next, a gas such as air is passed through the individual
cells of the three-dimensional structure to expel surplus
catalyst component. The structure is further dried and then
calcined. '
The calcination atmosphere for the catalyst may be

’ ame

properly selected from among a body of air, a body of vacuum,

a current of such an inert gas as nitrogen, or a current of

such a reducling gas as hydrogen or carbon monoxide to suit

the method adopted for the preparation of the catalyst. The

calcination with a reducing gas proves particularly

advantageous. The calcination temperature falls preferably

in the range of 200° - 800°C and more preferably in the range

of 300° - 600°C. Then, the calcination time falls preferably

ﬂ

in the range of 30 minutes - 20 hours and more preferably

1n the range of one 1 - 5 hours.

3y adding the noble metal component into the

| — ]

silica-alumina slurry and stirring and mixing them together

as described above, it is made possible to deposit the noble

metal component on the the silica-alumina by chemical
adsorption.

Meanwhile, even when the zeolite and the silica-alumina
are mixed, substantially no deposition occurs on the zeolite.

The aforementioned catalyst component in this invention



10

15

20

25

30

CA 02466409 2004-05-05

may optionally contain at least one element selected from

the group consisting of titanium, zirconium, and rare earth
elements for the purpose of improving the ability to endure
high temperatures and the ability to resist sulfur poisoning
and exalting the oxidizing property. The mass ratio of the

element mentioned above to the total amount of the catalyst

deposited falls properly 1in the range of 1 - 50 parts by mass

and preferably in the range of 3 - 20 parts by mass based

gty

on 100 parts by mass of the total amount of deposition.

The mass ratio of silica-alumina to zeolite in the

-~

catalyst of this invention is properly in the range of 0.5

— 5 and preferably in the range of 0.8 -— 3. If the mass ratio

of silica-alumina to zeolite falls short of 0.5, the shortage

will result in unduly increasing the amount of adsorption

of hydrocarbons, consequently increasing the amount of
hydrocarbon to be desorbed, preventing the combustion on the

catalyst fromproceeding fullyproportionately, and impairing

the balance among the component processes. If the ability

to adsorb hydrocarbons is unduly exalted, the excess will

grivi

possibly result in clogging the catalyst because of the

blockage of the cells. Conversely, if the mass ratio of
silica-alumina to zeolite exceeds 5, the excess will result

1n lowering the ability of the catalyst to adsorb hydrocarbons

-
—

and consequently reducing the e:

fect of decreasing
hydrocarbons in the range of low temperatures. It will also
degrade the effect of repressing the adsorption of 802 but
the catalyst and lowering the ability to resist the poisoning

-

of sulfur.

The amount of at least one element selected from the

group consisting of platinum, palladium, and rhodium in the
catalyst of this invention and supported by the catalyst per
liter (hereinafter denoted by L) of the refractory
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three—-dimensional structure is properly in the range of 0.01
- 5 g/L and particularly in the range of 0.5 - 4 g/L.

The refractory three-dimensional structure to be used

in-this invention has only to be what is generally called
a “‘ceramic honeycomb substrate.” Particularly, honeycomb
substrates using such materials as cordierite, mullite,
a—-alumina, zirconlia, titania, titanium phosphae, aluminum
titanate, bellite, spodumene, aluminosilicate, andmagnesium

silicate are preferred examples. Among other honeycomb

substrates enumerated above, those made of cordierite prove

Besides, substrates which are

particularly favorable.
formed of such oxidation-resistant refractory metals as
stainless steel and FeCr-~Al alloys in a solid construction
are usable.

These monolithic substrates are produced by a method
of extrusionmoldingoramethodof forminga sblid construction

by tightly rolling a sheetlike material. The gas-passing

mouths (shape of cells) of such a honeycomb construction may

assume any of various forms suchas hexagon, tetragon, triangle,

andcorrugation. Thecelldensity (numberofcells/unitcross
sectlon) which falls in the range of 150 - 900 cells/square
inch, preferably 400 - 600 cells/square inch, suffices for

the honeycomb substrate to prove fully useful.

Intheuse of thecatalyst of thisinvention forpurifying
a diesel engine exhaust gas, the space velocity of the exhaust

gas falls preferably in the range of 5,000 - 200,000 hr"*t.

If the space velocity of the gas falls short of 5,000 hr™?,

the shortage will result in requiring the necessary catalyst

capaclty to increase unduly at a sacrifice of economy. If

it exceeds 200,000 hr™*, the excess will result in degrading

the efficiency of purification of the diesel engine exhaust

gas. The temperature of the exhaust gas at the inlet to the
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catalyst bed during the use of the catalyst of this invention

for purifying the diesel engine exhaust gas falls properly

in the range of 200°C - 700°C, preferably in the range of 250°C
- 600°C. If this temperature falls short of 200°C or exceeds

700°C, the deviation will result in degrading the ability to
purify the diesel engine exhaust gas below the target value.

Varying embodiments of the catalyst of this invention

for purifying the diesel engine exhaust gas will be described

below with reference to the relevant methods of production

-

of the catalysts.

Example 1

A platinum-supporting sillica-alumina powder

(hereinafter referred to as “"platinumpowder A”) was obtained

by adding and mixi1ngl800 g of a silica-alumina (hereinafter

| — 4

referred to as “silica-alumina A”) having a BET specific

surface area of 320 m*/g and containing silica at a mass ratio

of 0.053 relative to alumina and an agqueous dinitrodiammine
platinum (II) nitrate solution containing 60 g of platinum
together and drying the resultant mixture and calcining it
at a temperature of 500°C for one hour. A slurry was obtained
by adding the platinum powder A, 2400 g of beta zeolite
(S102/A1,03 = 25) (which ratio holds good hereinafter) and an

aqueous medium and wet pulverizing the resultant mixture.

Then, a complete catalyst was obtained by dipping a cordierite
honeycomb substrate (which holds good hereinafter) in the
slurry, blowing the wet honeycomb substrate consequently

obtained to expel the surplus slurry, drying it at 150°C, and

subsequentlycalciningit at 500°C foronehour. Thiscatalyst

was coated with 2.0 g of platinum per liter of honeycomb,

by,

60 g of silica-lumina per liter of honeycomb, and 80 g of

beta-zeolite per liter of honeycomb.

The honeycomb substrate was formed of cordierite
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measuring 1.3 liter involume, containing 400 cells per square

g

inch of cross section, and having a wall thickness of 6 mils.

Control 1

A complete catalyst was obtained by following the
procedure of Example 1 while using silica-alumina A in the
place of beta-zeolite during the course of wet pulverization.

This catalyst was coated with 2.0 g of platinum per liter

of honeycombandl40gofsilica-aluminaper literof honeycomb.

Example Z
A complete catalyst was obtained by following the
procedure of Control 1 while adding 1200 g of beta-zeolite

—

and 1200 g of silica-alumina A instead of solely adding beta

zeollteduringthecourseofwetpulverization. Thiscatalyst

was coated with 2.0 g of platinum per liter of honeycomb,

100 g of silica-alumina per liter of honeycomb, and 40 g of
beta zeolite per liter of honeycomb.

Example 3

A complete catalyst was obtained y following the
procedure of Control 1 while adding 2100 g of beta-zeolite
and 300 g of titania i1nstead of solely adding beta zeolite

during the course of wet pulverization. This catalyst was

3!

coated with 2.0 g of platinum per liter of honeycomb, 60 g

of silica-alumina per liter of honeycomb, 70 g of beta zeolite

griem

per liter of honeycomb, and 10 g of titania per liter of

honeycomb.
Example 4

A complete catalyst was obtained by following the
procedure of Example 1 while wusing silica-alumina
(hereinafter referred to as “silica-alumina B”) having a
specific surface area of 150 m*/g and containing silida 1n

’-ﬁ

a weight ratio of 0.05 relative to alumina in the place of

silica-alumina A. This catalyst was coated with 2.0 g of
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platinum per liter of honey comb, 60 of silica-alumina per
liter of honeycomb, and 80 g of beta zeolite per liter of
honeycomb.
Example 5

A complete catalyst was obtalined by following the
procedure of Example 4 while adding 900 g of silica—-alumina
B, 300 g of zirconia, and 1200 g of betal-zeolite instead

p—

of solely adding beta zeolite during the course of wet

pulverization. Thilscatalystwascoatedwith2.0gofplatinum

per liter of honeycomb, 90 g of silica-alumina per liter of
honeycomb, 40 g of beta zeclite per liter of honeycomb, and
10 g of zirconia per liter of honeycomb.

Control Z

A complete catalyst was obtained by following the

procedure of Example 1 while using ZSM5 zeolite in the place
of beta-zeolite during the course of wet pulverization. This

catalyst was coated with 2.0 g of platinum per liter of

honeycomb, 60 g of silica-alumina per liter of honeycomb,

 ——
—

and 80 g of ZSM5 zeolite per liter of honeycomb.
Control 3

A platinum-supporting powder was obtained by following

the procedure of Example 1 while using beta-zeolite in the

place of silica-alumina during the deposition of platinum

powder. A complete catalyst was obtained by following the
procedure of example 1 while using silica-alumina A in the
place of beta zeolite during the course of wet pulverization.

This catalyst was coated with 2.0 g of platinum per liter

of honeycomb, 60 g of beta zeolite per liter of honeycomb,

and 80 g of silica-alumina per liter of honevycomb.
Example 10
The catalysts obtained in the preceding examples and

controls were tested for ability to purify an exhaust gas
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according to the following methods of testing.

(Apparatus and fuel used)

A commercially avallable additional supply direct
injection type diesel engine (4 cylinders, 2500 cc) connected
to a dynamo meter was used. An automatic operation control

device capable of automatically adjusting engine speed and

torque was connected to the dynamo meter. As the fuel for

evaluation, light oil having a sulfur content of less than

0.05 mass % was used. In the test for the ability to endure

sulfur poisoning, light o0il having a sulfur content of 0.20
masss was used.
(Method for determining ability to endure sulfur poisoning)

The engine operated by using the aforementioned light

o1l having a higher sulfur content was exposed for 50 hours

to the exhaust gas, with the torque adjusted to change the

engine speed of the engine from 1400 to 2200 r.p.m. and the

catalyst inlet temperature from 200° to 300°C.

(Method for determining abillity to endure high temperatures)

The engine operated by using the same fuel as in the
evaluation was exposed for 20 hours to the exhaust gas, with
the engine speed and the torque of the engine adjusted to
set the catalyst inlet temperature at 600°C.

(Mode of evaluation)

The catalyst inlet temperature of the exhaust gas emitted

from the engine was varied as shown in Fig. 2 by arbitrarily
changing the engine speed and the torgue of the engine on

the assumptionof a travel in the European emission gas control

mode as shown in Fig. 1.

(Method of evaluation)

Apart of the exhaust gas which had not been passed through

the catalyst bed was analyzed with an exhaust gas analyzing

meter. Another part of the exhaust gas which had been passed
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5 in Tables 1 - 3.

Example 1
Example 2

Example 4

Example 5

Table 1

i

|
(1
)

Type o3 talyst

Pt/Si0,~-Al1,03+BEA

Pt/Si0,-A1,03+BE

Pt/SlOz*AlgOg,'i— _JA+Zr02+SlO2 Al-045

Control 1| Pt /$10,-A1,0; R
Control 2 Pt/Si0,-A1,03+MFI —

Control 3 Pt/BEA+S10,-A1,05

f purgation of HC, CO, and PM.

tionmode mentioned above.

17

p—

for ratio

The ratios of purgation

Mass ratio of
S10,-A1,03/B]

[
J

f the data obtained

The results are shown

Initial ratio
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Table 2

Ratio of

purgation (%)

C catalyst Mass ratio of

Si0,-Al,03/BEA

after
enduring

sulfur

polsoning

cxample 1| Pt/S10,-A1,03+BEA | 0.750
Example 2|  Pt/Si0;-Al,05+BEA+Si0,-A1,0;
Example 3 Pt/Si0,-A1,03+BEA+TiO, 0.857

xample 4
Example S

Controll|  Pt/Si0nAl0s | -
control2|  Pt/siOpAlposeMFI | -

w |~ NN iy [y O oy i
Uy 1O 1O oo (N U o 1w D
W [ |y O [OY ®
< W o oo (- O
N W IN jw fw lwijiw lw iy
DO O I~ oy i 0 O |2

.25
Control 3 Pt /BEA+Si0,-Al1503

Table 3

Ratio of
purgation (3)

Mass ratio of
S10,-Al1,05/BEA

Type of catalyst

after enduring
high

temperatures

rxample 1 Pt/S10,-A1,03;+BEA ' 0.750
Example | Pt/SiOz“AlgO3+BEA+SiOg“"AlgO;; | 2.5

2
xample 3 0.857
xample 4 0.750
Example 5| Pt/S10,-Al,05+BEA+2r0,+610,-A1,0s | 2.2
Control 1
Control 2
Control 3 1.33

. ‘ |l|

-

Wl I oy oy [ ~ i
o o lw o o o O
SO o |- W N Yo
U 00 Ul |© w [t |O
= o o Jo s fes s e
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The entire disclosure of Japanese Patent Application
No. 2003-127910 filed on May 6, 2003 including specification,

claims, drawings, and summary are 1incorporated herein by

reference in its entirety.
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THE EMBODIMENTS OF THE INVENTION IN WHICH AN EXCLUSIVE
PROPERTY OR PRIVILEGE IS CLAIMED ARE DEFINED AS FOLLOWS:

1. A catalyst for purifying a diesel engine exhaust
gas, having deposited on a refractory three-dimensional
structure a catalyst component comprising (a) silica-

alumina having deposited thereon at least one noble metal

selected from the group consisting of platinum, palladium
and rhodium, and (b) beta zeolite which 1s substantially
free from depositions of said noble metal, wherein the

mass ratio of silica/alumina in said silica-alumina is in

the range of 0.02 to 1, wherein said silica-alumina is in

a powdery form and whereln the average particle diameter
of said silica-alumina powder 1is 1in the range of 5 to 90
um.

2. A catalyst according to claim 1, wherein the
mass ratio of silica/alumina in said beta =zeolite is in

the range of 10 to 150.

3. A catalyst according to claim 1, wherein said

silica-alumina has a BET specific surface area in the
range of 100 to 400 m*/g and the mass ratio of Si0O, to A1,0;
1s 1n the range of 0.02 to 1.

4, A catalyst according to c¢laim 1, wherein the
mass ratio of silica-alumina to zeolite is in the range

of 0.5 to 5.

5. A catalyst according to claim 1, wherein the

amount of said noble metal 1s 1n the range of 0.01 to 5g
per liter of the volume of the catalyst.

0. A catalyst according to claim 1, wherein said
catalyst component further contains at least one element

selected from the group consisting of titanium, zirconium

- 19 -
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and rare earth elements.

7. A method for the production o©of a catalyst as
claimed in claim 1 for purifying a diesel engine exhaust
gas, characterized by adding the noble metal component
into a slurry of silica-alumina thereby inducing chemical
adsorption, then adding the beta zeolite to the resultant
mixture thereby obtaining a mixed slurry of a noble
metal-supporting silica-alumina and beta zeolite, dipping
a refractory three-dimensional structure 1in said mixed
slurry thereby 1inducing deposition of a catalyst
component, and subsequently calclning the composite

consequently obtalned.

_20_
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