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CATALYST FOR PURIFYING EXHAUST GAS

ABSTRACT OF THE DISCLOSURE

A catalyst for purifying an exhaust gas to remove
nitrogen oxides, carbon monoxide and hydrocarbons from
an oxygen rich exhaust gas containing the same,
comprising (i) a zeolite having an Si0,/Al,0; mole ratio
of at least 15 and (ii)(a) silver and, optionally, (b) an
alkali metal and/or an alkaline earth metal incorporated
therein.
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CATALYST FOR PURIFYING EXHAUST GAS

BACKGROUND OF THE INVENTION
1. Field of the Invention

The present invention relates to a catalyst for
purifying an exhaust gas to remove nitrogen oxides,
carbon monoxide and hydrocarbons contained in an exhaust
gas discharged, for example, from internal combustion
engines of automobiles and the like, more specifically,
it relates to a catalyst for removing nitrogen oxides
contained in an oxygen xrich exhaust gas.

The term "oxygen rich exhaust gas" herein used
is intended to mean an exhaust gas containing oxygen in
an amount exceeding the amount of oxygen necessary for
completely oxidizing carbon monoxide, hydrocarbons and
hydrogen contained in the exhaust gas. Specific examples
of such an exhaust gas include exhaust gases discharged,
for example, from internal combustion engines of
automobiles, particularly exhaust gases produced at a
high air/fuel ratio (i.e., in the lean burn region).

2. Description of the Related Art

Nitrogen oxides, carbon monoxide and
hydrocarbons, which are toxic substances contained in an
exhaust gas discharged from internal combustion engines,
are removed, for example, through the use of a three-way
catalyst comprising Pt, Rh, Pd, etc., supported on a
carrier material. In the case of an exhaust gas
discharged from.diesel‘engines, however, no effective
catalyst exists for removing nitrogen oxides because the
exhaust gas contains a large amount of oxygen, and thus a
purification of the exhaust gas by means of a catalyst
has not been practiced. |

In current gasoline engines, a lean burn

combustion is used for the purpose of lowering the fuel
consumption and reducing the amount of exhausted carbon
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dioxide gas, but an exhaust gas from this lean burn
gasoline engine comprises an oxygen rich atmosphere, and
accordingly, it is impossible to use the above-mentioned
conventional three-way catalyst, and thus no practical
method of removing toxic components from the exhaust gas
has been known.

Examples of the method of removing, in
particular, nitrogen oxides in an oxygen rich exhaust gas
include that wherein a reducing agent such as ammonia is
added, and that wherein the nitrogen oxides are absorbed
in an alkali, to thus remove the nitrogen oxides. These
methods, however, are not effective for automobiles,
which are a moving nitrogen oxides source, and thus the
application thereof is limited.

It has been reported that a zeolite catalyst
subjected to an ion exchange with a transition metal can
remove nitrogen oxides in an oxygen rich exhaust gas,
without the addition of a special reducing agent such as
ammonia. For example, Japanese Unexamined Patent
Publication (Kokai) Nos. 63-283727 and 1-130735 propose a
catalyst capable of selectively reducing nitrogen oxides
even in an oxygen rich exhaust gas containing minor
amounts of reducing agents such as unburnt carbon
monoxide and hydrocarbons.

Nevertheless, in the conventional zeolite
catalysts, since elements in the fourth period, such as

copper, nickel and cobalt, are used as a main active

metal, the temperature region in which the nitrogen

oxides can be removed is relatively narrow, and
therefore, a higher capability of purifying nitxrogen
oxides in a broader temperature region, particularly at a
low temperature, is required from a catalyst used for
purifying an exhaust gas discharged, in particular, from
automobiles. |

SUMMARY OF THE INVENTION

Accordingly, the objects of the present invention
are to eliminate the above-mentioned disadvantages of the
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prior art and to provide a catalyst for purifying an
exhaust gas having a high catalytic performance such that
nitrogen oxides, carbon monoxide and hydrocarbons can be
simultaneously removed from an exhaust gas discharged
from internal combustion engines of automobiles, etc., in
a relatively broad temperature region.

Another object of the present invention is to
provide a method of purifying an exhaust gas through the
use of a catalyst of the type described above.

Other obijects and advantages of the present
invention will be apparent from the following
description.

In accordance with the present invention, there is
provided a catalyst for purifying an exhaust gas to
remove nitrogen oxides, carbon monoxide and hydrocarbons
from an oxygen rich exhaust gas containing the same,
comprising (i) a zeolite having an Si0,/Al,0; mole ratio
of at least 15 and (ii), silver incorporated thereinto.

In accordance with the present invention, there 1is
also provided a catalyst for purifying an exhaust gas to
remove nitrogen oxides, carbon oxide, and hydrocarbons
from an oxygen rich exhaust gas containing the same,
comprising (i) a zeolite having an Si0,/Al,0; mole ratio
of at least 15 and (ii)(a), silver and (b) an alkali
metal and/or an alkaline earth metal, both incorporated
thereinto. ,

'~ DESCRIPTION OF THE PREFERRED EMBODIMENTS

The present inventors have made extensive and
intensive studies of the above-mentioned problems, and as
a result, have found that a catalyst compriéing (1) a
zeolite having an Si0,/Al,0, mole ratio of 15 or more and
(ii) silver or (ii)(a) silver and (b) an alkali metal
and/or an alkaline earth metal is capable of purifying
nitrogen oxides in a relatively broad temperature region,

and thus completed the present invention.

The present invention will now be described in more
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The catalyst for purifying an exhaust gas according
to the first embodiment of the present invention

comprises (i) a zeolite having an SiO;/Al;0, mole ratio of

at least 15 and (ii) silver incorporated thereinto.

The zeolite generally has the following composition:

XlenO . A1203 . YSiOz ® ZH20 ¢ o0 (I)

wherein n is a valency of the cation M, x is 0.8 to 1.2,
v is 2 or more and z is 0 (zero) orxr more. In the zeolite
used in the present invention, the Si0,/Al,0, mole ratio

is preferably at least 15. There is no particular
limitation of the upper limit of the $i0,/Al,0; mole
ratio, but when the $i0,/Al,0; mole ratio is less than 15,

the heat resistance and durability of the zeolite per se
are low, and thus the heat resistance and durability of

the catalyst are unsatisfactory. The 8i0,/Al,0; mole

ratio is preferably about 15 to 1000.

The zeolite conStituting the catalyst of the present
invention may be any of naturally-occurring zeolite and
synthetic zeolite, and there is no particular limitation
of the method of producing_the‘zeolite.. Representative
examples of the zeolite used in the present invention
include ferrierite,'Y, ZSM-~-5, ZSM-11, 728M-12 and 2SM-20,
and these zeolites per se may be used as the catalyst of
the present invention, or after treatment with an
ammonium salt, a mineral acid or the like for an ion
exchange to form an NH;<mer'type zeollite, or'after an
ion exchange with an alkali metal or an alkaline earth
metal. ' ‘

The zeolite used in the present invention must
contain silver. There is no particular limitation of the
method of incorporating silver into the zeolite, and in
general, silver can be incorporated by an ion exchange

method, an impregnation method, and an evaporation-to-
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dryness method through the use of a water soluble salt.

When incorporating silver into the zeolite, the
concentration of silver ions in the aqueous solution can
be properly selected depending upon the intended
percentage ion exchange of the catalyst. The silver ions
may be used in the form of a soluble salt, and suitable
examples of the soluble salt include nitrate, acetate,
and oxalate.

The silver content is preferably 0.1 to 1.5, more
preferably 0.2 to 1.4, in terms of the mole ratio of
silver to alumina in the zeolite.

The catalyst for purifying an exhaust gas according
to the second embodiment of the present invention
comprises a zeolite and, incorporated therein, silver and
an alkali metal and/or an alkaline earth metal. The
zeolite may originally contain the alkali metal and/or
the alkaline earth metal. Examples of the alkali metal
are lithium, sodium, potassium, caesium and examples of
the alkaline earth metal are calcium, magnesium,
strontium, barium. Alternatively, the alkali metal
and/or the alkaline earth metal may be incorporated
later. There is no particular limitation of the method
of incoxrporating the alkali metal and/or the alkaline
earth metal later, and the incorporation may be conducted
by the ion exchange method. The ion exchange may be
conducted by the conventional procedure through the use
of a soluble salt of an alkali metal and/or an alkaline
earth metal. Examples of the soluble salt include
nitrate, acetate, oxalate and chloride.

The alkali metal and/or alkaline earth metal content
is preferably 0.1 to 1.2, more preferably 0.2 to 1.1, in
terms of the mole ratio of alkali metal oxides and/or
alkali earth metal oxides to alumina in the zeolite.

The sample containing silver is generally used after
solid-liguid separation, washing and drying, and 1f
necessary, can be used after calcination.

The catalyst for purifying an exhaust gas according



10

15

20

25

30

35

-6 - 2057522

to the present invention may be used after mixing with a
binder, such as a clay mineral, and then molding,
Alternatively, the zeolite may be previously molded, and
silver and, if any, an alkali metal and/or an alkaline
earth metal, may be incorporated into the molding.
Examples of the binder used in molding of the zeolite
include clay minerals such as kaolin, attapulgite,
montmorillonite, bentonite, allophane and sepiolite,
silica and alumina. Alternatively, the catalyst may be a
binder-less zeolite molding directly synthesized without
the use of a binder. Further, the zeolite may be wash-
coated on a honeycomb-structured base material made of
cordierite, a metal or the like.

The nitrogen oxides, carbon monoxide and
hydrocarbons contained in an oxygen rich exhaust gas can
be removed by bringing the exhaust gas into contact with
the catalyst for purifying an exhaust gas according to
the present invention.

There is no particular limitation in the operating
conditions of the catalyst according to the present
invention, but the preferable temperature is 100°C to
900°C, more preferably 150°C to 800°C and the preferable
space velocity is 1,000 to 500,000 hr™. The "space
velocity" means a'value'of a gas flow rate (cc/hr)
divided by a catalyst volume (cc).

The above-mentioned catalyst for purifying an
exhaust gas purification exhibits no change in the
performance even when applied to an exhaust gas
containing carbon monoxide, hydrocarbons and hydrogen but
not containing an excess amount of oxygen.

EXAMPLES |

The present invention will now be described in more
detail with reference to the following Examples, but it
is no way limited to these Examples.

Example l: Preparation of catalyst 1
A ZSM-5-like zeolite was synthesized according to
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the method described in Example 5 of Japanese Unexamined
Patent Publication (Kokai) No. 59-54620. The zeolite had
the following composition in terms of mole ratios of

oxides on an anhydrous basis:

1.1 Na20 . A1203 o 40 SiOz.

First, 20 g of the resultant Na type Z2SM-5 was put
in 180 ml of a 0.04 mol/liter agueous silver nitrate
solution, and the mixture was stirred at 80°C for 16 hrs.
The mixture was subjected to solid-liquid separation, and
the solid was thoroughly washed with water and dried at
110°C for 20 hrs, to thereby prepare a catalyst 1.

The catalyst 1 was subjected to a chemical analysis,
and as a result, found to have an Ag,0/Al,0; mole ratio of

0.63 and an Na,0/Al,0; mole ratio of 0.39.

Exanple 2: Preparation of Catalyst 2
The Na type ZSM-5 synthesized in Example 1 was lon-

exchanged with an aqueous ammonium nitrate solution to
give NH, type ZSM-5, 20 g of the NH, type ZSM-5 was put
in 180 ml of a 0.2 mol/liter aqueous silver nitrate
solution, and the slurry was stirred at B0°C for 16 hrs.
The slurxry was subjected to solid-liquid separation, the
zeolite cake was put in a fresle,prepared agqueous
solution having the above-mentioned composition, and the
above-mentioned procedure was repeated. The slurry was
subjected to solid-liquid Separatien, and the solid was
dried at 110°C for 20 hrs to give a catalyst 2. The
catalyst 2 was subjected to a chemical analysis and found
to have an AgZO/Al;;O;, mole ratio of 0.74.

Example 3 Pregaration of Catalyst 3

First, 20 g of the NH, type 7ZSM-5 prepared in
Example 2 was put in 180-ggof_a 1.09 mol/liter aqueous
barium chloride solution,'the mixture was stirred at 80°C

for 16 hrs, and then subjected to solid-liqgquid
separation. The solid was washed with water and
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subsequently put in 180 ml of a 0.04 mol/liter aqueous
silver nitrate solution, and the mixture was stirred at
80°C for 16 hrs. The mixture was subjected to solid-
liquid separation, and the solid was thoroughly washed
with water and dried at 110°C for 20 hrs to give a
catalyst 3. The catalyst 3 was subjected to a chemical
analysis and found to have an Ag,0/Al,0; mole ratio of

0.42 and a Ba,0/Al,C; mole ratio of 0.50.

Comparative Example 1: Preparation of Comparative
Catalyst 1

First, 1 kg of the NH, type ZSM-5 prepared in
Example 2 was added to a 0.1 mol/liter copper acetate
solution so that the number of copper atoms was one time
the number of Al atoms in the zeolite. Thereafter, 2.5%
aqueous ammonia was added to adjust the pH to 10.5, and
the mixture was stirred at room temperature for 20 hrs,
to thereby conduct an ion exchange treatment. This
procedure was repeated twice. The resultant solid was
washed and dried at 110°C for 12 hrs to give a
comparative catalyst 1. The comparative catalyst 1 was
subjected to a chemical analysis and found to have an a
Cu0/Al,0, mole ratio of 1.05.

Conmparative Example 2: Preparation of Comparative
| Catalyst 2

First, 20 g of the NH, type %SM-5 prepared in
Example 2 was put in 180 ml of a 0.23 mol/liter
cobalt (II) acetate tetrahydrate solution, and the
mixture was stirred at 80°C for 16 hrs. The slurry was
subjected-toISOlidmliquid separation, the zeolite cake
was put in a freshly prepared aqueous'solution having the
above-~described composition, and'the ab0ve~mentioned
procédure'was repeated. The slurry was subjected to
solid-liquid separation, and the solid was thoroughly
washed with water and dried at 110°C for 10 hrs to give a
comparative catalyst 2. The comparative catalyst 2 was
subjected to a chemical analysis and found to have an
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Co0/Al,0, mole ratio of 1.39.

Comparative Example 3: Preparation of Comparative

Catalyst 3
First, 20 g of the NH, type ZSM-5 prepared in

Example 2 was put in 180 g of a 0.23 mol/liter nickel
acetate tetrahydrate solution, and the mixture was
stirred at 80°C for 16 hrs. The slurry was subjected to
solid-liquid separation, the zeolite cake was put in a
freshly prepared aqueous solution having the above-
described composition, and the above-mentioned procedure
was repeated. The slurry was subjected to solid-liquid
separation, and the solid was thoroughly washed with
eater and dried at 110°C for 10 hrs to give a comparative
catalyst 3. The comparative catalyst 3 was subjected to
a chemical analysis and found to have an NiO/Al,0; mole

ratio of 1.40.

Example 4: EBvaluation of Catalytic Activity

Catalysts 1 to 3 and comparative catalysts 1 to 3
were press-molded and then crushed to regulate the size
of granules to 12 to 20 meshes, and an atmospheric fixed
bed type reaction tube was packed with 1 g of each of the
granular catalysts. The temperature of the catalyst bed
was raised to 500°C while passing a gas having the
following composition (hereinafter referred to as
"reaction gas") through the reaction tube at a flow rate
of 1000 ml/min, and the temperature'was maintained at
500°C for 0.5 hr, to thereby conduct a pretreatment.
Thereafter, the reaction tube of the catalyst bed was
raised from 300 to 500°C. 1In this case, the temperature
was kept constant at each 50°C increment, to measure the
catalytic activity at respective temperatures. The NOX
conversions at respective temperatures after the state
became steady are given in Table 1. The NOx conversion

can be determined by the following equation.



10

15

20

25

NOx conversion (%)

wherein NOx;,

NOX ¢

In the catalysts,

- 10 -

NOXin - NOxout

- —m———w——erereree— 100
N OX,_n

: NOx concentration

of fixed bed type
tube: and

- NOx concentration

of fixed bed type
tube.

2057527

at inlet

reaction

at outlet

reaction

little carbon monoxide and

hydrocarbons were detected at 400°C or above.

Composition of reaction gas

NO
O,
Hy
CO
C,H,
H,0
co,

N,

700 ppm
4%

330 ppm
1000 ppm
400 ppm
3%

10%

balance
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Table 1
Temp. |Cata-|Cata-}| Cata-
(°C) lyst lyst lyst
NOx
conver-—
sion at 46 33 41
respec- 57 53 63
tive
temps, 54 47 71
(%) 38 | 39 68

Temp. region
where NOX
conversion 1S

‘(lgz)or more 490 | 490 580 440 | 460

320 360 350 360 390

As apparent from Table 1, the catalysts of the
present invention can remove nitrogen oxides in a larger
temperature range and have a higher capability of
purifying an exhaust gas containing an excess amount of
oxygen, compared with the comparative catalysts.

Namely, the use of the catalyst for purifying an
exhaust gas purification catalyst accorxding to the
present invention enables nitrogen oxides in an exhaust
gas containing an excess amount of oxygen to be removed
with a high NOx conversion.
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The embodiments of the invention in which an exclusive
property or privilege 1s claimed are defined as

follows: -

1. A catalyst for purifying an exhaust gas to
remove nitrogen oxides, carbon monoxide and hydrocarbons
from an oxygen rich exhaust gas containing the same,
comprising (i) a zeolite having an Si0,/Al,0; mole ratio
of at least 15 and (ii) (a) silver and (b) at least one
metal selected from the group consisting of alkali
metals and alkaline earth metals, both components

(11) (a) and (ii) (b) being incorporated in the zeolite,

wherein the silver content ranges from 0.1 to 1.5, in
terms of the mole ratio of silver to alumina in the
zeolite, and wherein the content of the metal selected
ftrom the group consisting of alkali metals and alkaline
earth metals ranges from 0.1 to 1.2, 1in terms of mole
rati1o of alkali metal oxides and/or alkali earth metal

oxldes to alumina in the zecolite.

2 . A catalyst for purifying an exhaust gas as
claimed 1in claim 1, wherein the silver content ranges
from 0.2 to 1.4, in terms of the mole ratio of gilver to

alumina in the zeolite.

3. A catalyst for purifying an exhaust gas as

claimed in c¢laim 1, wherein the content of the metal

selected from the group consisting of alkali metals and
alkaline earth metals ranges from 0.2 to 1.1, in terms
of the mole ratio of alkali metal oxides and/or alkali

earth metal oxilides to alumina in the zeolite.

4. A method for reducing nitrogen oxides by
hydrocarbons present 1n an oxygen-rich exhaust gas
containing nitrogen oxides, carbon monoxide,
hydrocarbons and oxygen, comprising bringing said

exhaust gas 1into contact with a catalyst comprising (i)
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a zeolite having an Si0,/Al,0; mole ratio of at least 15
which 1s a member selected from the group consisting of
ferrierite, Y, ZSM-5, ZSM-11, ZSM-12 and ZSM-20 and (11)
(a) silver incorporated therein, the silver content
ranging from 0.1 to 1.5 in terms of the mole ratio of
silver oxide to alumina in the zeolite, and (b) at least
one metal selected from the group consisting of an
alkali metal and an alkaline earth metal, wherein the
content of each metal in the catalyst ranges from 0.1 to
1.2, 1n terms of the mole ratio of alkali metal oxide
and/or alkaline earth metal oxide to alumina in the

zeolite.

5. The method of claim 4, wherein said contacting step
1s performed at a temperature of from 100°C to 900°C and
a space velocity of from 1,000 to 500,000 hr*, wherein
sald space velocity is defined as a gas flow rate divided

by a catalyst volume.

6. The method of claim 4 wherein, over the
temperature range of reduction, at least 40% of the

nitrogen oxides in the exhaust gas are reduced.
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