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IMPROVED ΝΟχ TRAP

FIELD OF THE INVENTION

The invention relates to a NOx trap for exhaust systems for internal

combustion engines, and a method for treating an exhaust gas from an internal

combustion engine.

BACKGROUND OF THE INVENTION

Internal combustion engines produce exhaust gases containing a variety

of pollutants, including hydrocarbons, carbon monoxide, nitrogen oxides ("NOx"),

sulfur oxides, and particulate matter. Increasingly stringent national and regional

legislation has lowered the amount of pollutants that can be emitted from such

diesel or gasoline engines. Many different techniques have been applied to

exhaust systems to clean the exhaust gas before it passes to atmosphere.

One such technique utilized to clean exhaust gas is the NO trap (or "NO

adsorber catalyst"). NO traps are devices that adsorb NOx under lean exhaust

conditions, release the adsorbed NO under rich conditions, and reduce the

released NO to form N2. A NO trap typically includes a NOx adsorbent for the

storage of NO and an oxidation/reduction catalyst.

The NOx adsorbent component is typically an alkaline earth metal (such as

Ba, Ca, Sr, and Mg), an alkali metal (such as K , Na, Li, and Cs), a rare earth

metal (such as La, Y, Pr, and Nd), or combinations thereof. These metals are

typically found in the form of oxides. The oxidation/reduction catalyst is typically

one or more noble metals, preferably platinum, palladium, and/or rhodium.

Typically, platinum is included to perform the oxidation function and rhodium is

included to perform the reduction function. The oxidation/reduction catalyst and

the NO adsorbent are typically loaded on a support material such as an

inorganic oxide for use in the exhaust system.

The NO trap performs three functions. First, nitric oxide reacts with

oxygen to produce N0 2 in the presence of the oxidation catalyst. Second, the

O2 is adsorbed by the NO adsorbent in the form of an inorganic nitrate (for

example, BaO or BaC0 3 is converted to Ba(N0 3)2 on the NO adsorbent). Lastly,

when the engine runs under rich conditions, the stored inorganic nitrates



decompose to form NO or N0 2 which are then reduced to form N2 by reaction

with carbon monoxide, hydrogen and/or hydrocarbons in the presence of the

reduction catalyst. Typically, the nitrogen oxides are converted to nitrogen,

carbon dioxide and water in the presence of heat, carbon monoxide and

hydrocarbons in the exhaust stream.

Unfortunately, the presence of sulfur compounds in the diesel or gasoline

fuel is detrimental to NO traps since the oxidation of sulfur compounds leads to

sulfur oxides in the exhaust gas. In the NO trap, sulfur dioxide is oxidized to

sulfur trioxide over the oxidation catalyst and the NOx adsorbent reacts with the

sulfur trioxide to produce surface sulfates (e.g., barium oxide or barium carbonate

reacts with sulfur trioxide to form barium sulfate). These sulfates are more stable

than the nitrates and require higher temperatures (> 650°C) to desulfate.

However, the extreme conditions required for desulfation and NO trap

regeneration can lead to longer term deactivation of the NO trap and may lead to

shortened NO trap life.

U.S. Appl. Pub. No. 2010/0215557 describes an aging-resistant three way

catalyst for reducing NOx in exhaust gases. The three way catalyst preferably

comprises three layers: (1) a bottom "etch coat" layer containing no platinum

group metals; (2) a middle (first catalytic) layer comprising Pd on a ceria-free

oxygen storage component and Pt on a refractory metal oxide; and (3) a second

catalytic layer formed on the first catalytic layer, comprising Pt on an oxygen

storage component and Rh on zirconia-coated or yttria-coated alumina. U.S.

Appl. Pub. No. 2010/0215557 does not describe the effects of sulfur on its

catalyst.

As with any automotive system and process, it is desirable to attain still

further improvements in exhaust gas treatment systems. We have discovered a

new NOx trap that is less prone to deactivation over numerous desulfation/NO

trap regeneration cycles.

SUMMARY OF THE INVENTION

The invention is a NO trap for use in an exhaust system for internal

combustion engines. The NOx trap comprises a substrate and three layers on

the substrate. The first layer comprises a first platinum group metal, a first NO



storage component, and a first support; the second layer comprises a second

platinum group metal, a second NOx storage component, and a second support;

and the third layer comprises rhodium and a third support. The platinum group

metal loading in the first layer is from 1 to 40 percent of the platinum group metal

loading in the second layer. In addition, the first NO storage component and the

second NOx storage component are the same, and the first support and the

second support are the same. The NO trap is less prone to deactivation over

numerous desulfation/NO trap regeneration cycles.

DETAILED DESCRIPTION OF THE INVENTION

The ΝΟχ trap of the invention comprises a substrate and three layers on

the substrate. The substrate is preferably a ceramic substrate or a metallic

substrate. The ceramic substrate may be made of any suitable refractory

material, e.g., alumina, silica, titania, ceria, zirconia, magnesia, zeolites, silicon

nitride, silicon carbide, zirconium silicates, magnesium silicates, aluminosilicates

and metallo aluminosilicates (such as cordierite and spodumene), or a mixture or

mixed oxide of any two or more thereof. Cordierite, a magnesium

aluminosilicate, and silicon carbide are particularly preferred.

The metallic substrate may be made of any suitable metal, and in

particular heat-resistant metals and metal alloys such as titanium and stainless

steel as well as ferritic alloys containing iron, nickel, chromium, and/or aluminum

in addition to other trace metals.

The substrate is preferably a flow-through substrate or a filter substrate.

Most preferably, the substrate is a flow-through substrate. In particular, the flow-

through substrate is a flow-through monolith preferably having a honeycomb

structure with many small, parallel thin-walled channels running axially through

the substrate and extending throughout the substrate. The channel cross-section

of the substrate may be any shape, but is preferably square, sinusoidal,

triangular, rectangular, hexagonal, trapezoidal, circular, or oval.

The first layer comprises a first platinum group metal ("PGM"), a first NO

storage component, and a first support. The first PGM is preferably platinum,

palladium, gold, or mixtures thereof; most preferably, the first PGM is platinum,

palladium, or mixtures thereof.



The first N0 storage component preferably comprises alkaline earth

metals (such as barium, calcium, strontium, and magnesium), alkali metals (such

as potassium, sodium, lithium, and cesium), rare earth metals (such as

lanthanum, yttrium, praseodymium and neodymium), or combinations thereof.

Most preferably, the first NOx storage component comprises barium, cerium, or

mixtures thereof. These metals are typically found in the form of oxides, but may

also be supported on supports such as alumina or ceria.

The first support is preferably an inorganic oxide, and more preferably

includes oxides of Groups 2 , 3 , 4 , 5 , 13 and 14 elements. Most preferably, the

first support is an alumina, silica, titania, zirconia, magnesia, ceria, niobia,

tantalum oxide, molybdenum oxide, tungsten oxide, a mixed oxide or composite

oxide of any two or more thereof (e.g. silica-alumina, magnesia-alumina, ceria-

zirconia or alumina-ceria-zirconia), and mixtures thereof. Useful inorganic oxides

preferably have surface areas in the range 10 to 1500 m2/g, pore volumes in the

range 0.1 to 4 mL/g, and pore diameters from about 10 to 1000 Angstroms. High

surface area supports having a surface area greater than 80 m2/g are particularly

preferred.

A second layer of the NO trap comprises a second platinum group metal,

a second NOx storage component, and a second support. The second PGM is

preferably platinum, palladium, gold, or mixtures thereof; most preferably, the

second PGM is platinum, palladium, or mixtures thereof.

The second NO storage component preferably comprises an alkaline

earth metal (such as barium, calcium, strontium, and magnesium), an alkali metal

(such as potassium, sodium, lithium, and cesium), a rare earth metal (such as

lanthanum, yttrium, praseodymium and neodymium), or combinations thereof.

Most preferably, the second NO storage component comprises barium, cerium,

or mixtures thereof. These metals are typically found in the form of oxides, but

may also be supported on supports such as alumina or ceria.

The second support is preferably an inorganic oxide, and more preferably

includes oxides of Groups 2 , 3 , 4 , 5 , 13 and 14 elements. Most preferably, the

second support is an alumina, silica, titania, zirconia, magnesia, ceria, niobia,

tantalum oxide, molybdenum oxide, tungsten oxide, a mixed oxide or composite

oxide of any two or more thereof (e.g. silica-alumina, magnesia-alumina, ceria-

zirconia or alumina-ceria-zirconia), and mixtures thereof. Useful inorganic oxides



preferably have surface areas in the range 10 to 1500 m2/g, pore volumes in the

range 0.1 to 4 mL/g, and pore diameters from about 0 to 1000 Angstroms. High

surface area supports having a surface area greater than 80 m /g are particularly

preferred.

The first NO storage component of the first layer and the second NOx

storage component of the second layer are the same. Thus, if barium oxide is

the Ο χ storage component used in the first layer, barium oxide is also used in

the second layer. The first support of the first layer and the second support of the

second layer are also same. Thus, is alumina is used as the support in the first

layer, alumina is also used in the second layer.

In addition, the platinum group metal loading in the first layer (in mass of

PGM per volume of first layer, e.g., in g/L or g/ft3) is from 1 to 40 percent of the

platinum group metal loading in the second layer. More preferably, the platinum

group metal loading in the first layer is from 5 to 30 percent of the platinum group

metal loading in the second layer. Thus, a much smaller amount of PGM is

located in the first layer on the substrate. Preferably, the PGM loading in the

second layer will range from 20 to 300 g/ft3, and the PGM loading in the first layer

will range from 0.3 to 90 g/ft3.

A third layer of the NOx trap comprises rhodium and a third support. The

third support is most preferably a cerium oxide, a cerium-zirconium mixed oxide,

or a rare earth, alkaline earth, or transition metal-stabilized alumina. Preferably,

the rare earth, alkaline earth, or transition metal-stabilized alumina contains a

rare earth, alkaline earth, or transition metal comprising lanthanum, barium,

praseodymium, yttrium, magnesium, cerium, and cobalt. Preferably, the rare

earth, alkaline earth, or transition metal-stabilized aluminum oxide comprises

from 0.5 to 5 weight percent rare earth, alkaline earth or transition metal.

The layers of the NOx trap may be arranged on the substrate in any order,

but preferably the first layer is disposed on the substrate, the second layer is

disposed on the first layer, and the third layer is disposed on the second layer.

The NO trap of the present invention may be prepared by processes well

known in the prior art. Preferably, the NO trap is prepared by depositing the

three layers on the substrate using washcoat procedures. A representative

process for preparing the NO trap using a washcoat procedure is set forth below.



It will be understood that the process below can be varied according to different

embodiments of the invention.

The first layer of the NO trap is preferably prepared using a washcoat

procedure. The first PGM is preferably added to the first support and then

combined with the first NOx adsorbent prior to the washcoating step. The first

PGM may be loaded onto the first support by any known means, the manner of

addition is not considered to be particularly critical. For example, a platinum,

palladium or gold compound (such as platinum nitrate) may be added to the

support by impregnation, adsorption, ion-exchange, incipient wetness,

precipitation, or the like to produce a supported PGM. Alternatively, the first

support and the first NOx adsorbent may be coated onto the substrate, followed

by addition of the first PGM to the coated substrate.

The washcoating is preferably performed by first slurrying finely divided

particles of the supported PGM (or just the first support) and the first NOx

adsorbent in an appropriate solvent, preferably water, to form the slurry. The

slurry preferably contains between 5 to 70 weight percent solids, more preferably

between 10 to 50 weight percent. Preferably, the particles are milled or subject

to another comminution process in order to ensure that substantially all of the

solid particles have a particle size of less than 20 microns in an average

diameter, prior to forming the slurry. Additional components, such as stabilizers

or promoters may also be incorporated in the slurry as a mixture of water soluble

or water-dispersible compounds or complexes.

The substrate may then be coated one or more times with the slurry such

that there will be deposited on the substrate the desired loading of catalytic

materials in the first layer. If only the first support and the first NOx adsorbent is

deposited on the substrate, the first PGM may then be added to the coated

substrate by any known means, including impregnation, adsorption, or ion-

exchange of a platinum compound (such as platinum nitrate).

Preferably, the entire length of the substrate is coated with the first layer

slurry so that a washcoat of the first layer covers the entire surface of the

substrate.

After the first layer is deposited onto the substrate, the first layer is

typically dried by heating at an elevated temperature of preferably 80 to 150°C.



The substrate may also be calcined at higher temperatures (such as 400 to

600°C) but calcination is typically not required before adding the second layer.

The second layer is then added to the first layer in a similar manner as

discussed above, and then dried by heating at an elevated temperature of

preferably 80 to 150°C. The substrate may also be calcined at higher

temperatures (such as 400 to 600°C) but calcination is typically not required

before the addition of the third layer. Preferably, the entire length of the substrate

is coated with the second layer slurry so that a washcoat of the second layer

covers the entire surface of the substrate.

The third layer of the NO trap is preferably prepared using a washcoat

procedure. Rhodium is preferably added to the third support prior to the

washcoating step, but alternatively, the third support may be coated onto the

second layer followed by addition of rhodium to the coated substrate. If rhodium

is added to the third support prior to washcoating the third layer, it can be loaded

onto the third support by any known means, the manner of addition is not

considered to be particularly critical. For example, a rhodium compound (such as

rhodium nitrate) may be added to the support by impregnation, adsorption, ion-

exchange, incipient wetness, precipitation, or the like.

The washcoating is preferably performed by first slurrying finely divided

particles of .the supported rhodium (or just the third support) in an appropriate

solvent, preferably water, to form the slurry. The slurry preferably contains

between 5 to 70 weight percent solids, more preferably between 10 to 50 weight

percent. Preferably, the particles are milled or subject to another comminution

process in order to ensure that substantially all of the solid particles have a

particle size of less than 20 microns in an average diameter, prior to forming the

slurry. Additional components, such as stabilizers or promoters may also be

incorporated in the slurry as a mixture of water soluble or water-dispersible

compounds or complexes.

The substrate may then be coated one or more times with the slurry such

that there will be deposited on the substrate the desired loading of catalytic

materials in the third layer. If only the third support is deposited on the substrate,

the rhodium may then be added to the support-coated substrate by any known



means, including impregnation, adsorption, or ion-exchange of a rhodium

compound (such as rhodium nitrate).

Preferably, the entire length of the substrate is coated with the third layer

slurry so that a washcoat of the third layer covers the entire surface of the

substrate.

After the third layer has been coated onto the substrate, the substrate is

typically dried and then calcined by heating at an elevated temperature.

Preferably, the calcination occurs at 400 to 600°C for approximately 1 to 8 hours.

Although the preparation of the NOx trap demonstrated above shows the

preferred embodiment where the first layer is disposed on the substrate, the

second layer is disposed on the first layer, and the third layer is disposed on the

second layer, the first, second, and third layers may be arranged on the substrate

in any order using the same procedures described above.

The invention also encompasses an exhaust system for internal

combustion engines that comprises the NO trap of the invention. Preferably, the

exhaust system comprises the NOx trap with an oxidation catalyst and/or a

particulate filter. These after-treatment devices are well known in the art.

Particulate filters are devices that reduce particulates from the exhaust of internal

combustion engines. Particulate filters include catalyzed soot filters (CSF) and

bare (non-catalyzed) particulate filters. Catalyzed soot filters (for diesel and

gasoline applications) include metal and metal oxide components (such as Pt,

Pd, Fe, n, Cu, and ceria) to oxidize hydrocarbons and carbon monoxide in

addition to destroying soot trapped by the filter.

Particularly preferred exhaust systems include the NOx trap followed by a

CSF, both close-coupled; a close-coupled NO trap with an underfloor CSF; and

a close-coupled diesel oxidation catalyst/CSF and an underfloor NO trap.

The invention also encompasses treating an exhaust gas from an internal

combustion engine, in particular for treating exhaust gas from a vehicular lean

burn internal combustion engine, such as a diesel engine, a lean-burn gasoline

engine, or an engine powered by liquid petroleum gas or natural gas. The

method comprises contacting the exhaust gas with the NO trap of the invention.



The following examples merely illustrate the invention. Those skilled in the

art will recognize many variations that are within the spirit of the invention and

scope of the claims.

EXAMPLE 1: PREPARATION OF CATALYZED SUBSTRATES

Comparative Substrate 1A (50-50 PGM Split in 1st 2 Layers):

A 400 cells per square inch (cpsi) flow-through cordierite substrate

monolith is coated with a three layer NOx absorber catalyst formulation

comprising a first, lower layer comprising 1 g/in3 alumina, 1 g/in3 particulate ceria,

47 g/ft3 Pt, 9.5 g/ft3 Pd, and 200 g/ft3 Ba; a second layer comprising 1 g/in3

alumina, 1 g/in3 particulate ceria, 47 g/ft3 Pt, 9.5 g/ft3 Pd, and 200 g/ft3 Ba; and a

third layer comprising 0.5 g/in3 85 wt.% zirconia doped with rare earth elements

and 10 g/ft3 Rh. The first and second layers are coated on the virgin substrate

monolith using the method disclosed in WO 99/47260, followed by drying for 30

minutes in a forced air drier at 100°C and then firing at 500°C for 2 hours before

the third layer is applied and the same drying and firing procedure is repeated.

Comparative Substrate 1B (0-100 PGM Split in 1st 2 Layers):

Comparative Substrate 1B is the same as Comparative Substrate 1A

except that there is no PGM in the first layer (0 g/ft3 Pt, 0 g/ft3 Pd) and the PGM

loading in the second layer is 94 g/ft3 Pt and 19 g/ft3 Pd. The first layer is coated

on the virgin substrate monolith using the method disclosed in WO 99/47260

followed by drying for 30 minutes in a forced air drier at 100°C and then firing at

500°C for 2 hours before the second layer and third layers are applied and the

same drying and firing procedure is repeated.

Substrate 1C of the Invention (20-80 PGM Split in 1st 2 Layers):

Substrate 1C is the same as Comparative Substrate 1A except that the

PGM loading in the first layer is 18.8 g/ft3 Pt and 3.8 g/ft3 Pd and the PGM

loading in the second layer is 75.2 g/ft3 Pt and 15.2 g/ft3 Pd. The three layers are

coated using the procedure of Comparative Substrate 1B.



EXAMPLE 2 : TESTING PROCEDURES

A 35 mm x 76.2 mm core of each Example 1 Substrate is aged in an oven

at 800°C for 24h prior to evaluation. Testing is performed on a synthetic gas rig

with all testing done at a GHSV of 45,000 hr 1 . Prior to evaluation, the cores are

pre-conditioned at 600°C for 5 minutes with a 50 seconds rich / 0 seconds lean

desulfation. Lean and rich gas conditions are described in Table 1. The

temperature is then reduced to 350°C under N2 and five cycles of 300 seconds

lean and 20 seconds rich are performed to evaluate the NOx conversion

efficiency. The stabilized NOx conversion efficiency of the fifth cycle is shown in

Table 2 as the desulfated (start of run) NOx conversion. 90 ppm of S0 2 is then

introduced into the gas feed and five cycles of 300 seconds lean and 20 seconds

rich are completed thus sulfating the NOx trap to 2 g/L S loading. The fifth

sulfated cycle NOx conversion is shown in Table 2 as the sulfated (end of run)

NO conversion. The temperature is then increased to 600°C and 5 minutes of

desulfation with 50 seconds rich and 10 seconds lean is completed. Following

desulfation the temperature is reduced back to 350°C where five cycles of 300

seconds lean and 20 seconds rich are performed in the absence of S0 2 to obtain

a desulfated conversion efficiency. This procedure is repeated seven times to

give seven sulfated and desulfated NO conversion efficiency results over the

course of the entire run (see Table 2). The NOx storage capacity of the three

substrates over the course of the run is calculated from the NO conversion

results. The results are shown in Table 3 .

The results show that the substrate of the invention (Substrate 1C) retains

both higher NO conversion and higher NO capacity following a series of

sulfation cycles and regenerations, as compared to substrates that have an equal

amount of PGM on the first and second layers (Comp. Substrate 1A) and no

PGM on the first layer (Comp. Substrate 1B).



TABLE 1: Lean and Rich Gas Conditions

TABLE 2 : NO Conversion Results

* Comparison Example



TABLE 3 : NOx Storage Capacity Results

* Comparison Example



We claim:

1. A ΝΟχ trap, comprising a substrate and:

(a) a first layer comprising a first platinum group metal, a first NOx

storage component, and a first support;

(b) a second layer comprising a second platinum group metal, a

second NOx storage component, and a second support; and

(c) a third layer comprising rhodium and a third support,

wherein the first layer has a platinum group metal loading that is from 1 to

40 percent of the platinum group metal loading in the second layer, the first NO

storage component and the second NO storage component are the same, and

the first support and the second support are the same.

2. The NOx trap of claim 1 wherein the substrate is a flow-through

monolith.

3. The ΝΟχ trap of claim 1 wherein the first layer is disposed on the

substrate, the second layer is disposed on the first layer, and the third layer is

disposed on the second layer.

4 . The NOx trap of claim 1 wherein the first platinum group metal is

selected from the group consisting of palladium, platinum, gold, and mixtures

thereof.

5. The ΝΟχ trap of claim 1 wherein the second platinum group metal is

selected from the group consisting of palladium, platinum, gold, and mixtures

thereof.

6. The ΝΟχ trap of claim 1 wherein the first platinum group metal and

the second platinum group metal are the same.

7. The ΝΟχ trap of claim 1 wherein the first support and the second

support are selected from the group consisting of alumina, silica, titania, zirconia,

magnesia, ceria, niobia, tantalum oxides, molybdenum oxides, tungsten oxides,

and mixed oxides or composite oxides thereof.

8. The ΝΟχ trap of claim 1 wherein the first NOx storage component

and the second NOx storage component comprise an alkaline earth metal, an

alkali metal, a rare earth metal, or mixtures thereof.

9. The NOx trap of claim 8 wherein the first NO storage component

and the second NO storage component comprise barium, cerium, or mixtures

thereof.



10. The ΝΟχ trap of claim 1 wherein the third support is selected from

the group consisting of a cerium oxide, a cerium-zirconium mixed oxide, and a

rare-earth, alkaline earth, or transition metal-stabilized alumina.

11. The ΝΟχ trap of claim 1 wherein the platinum group metal loading in

the first layer is from 5 to 30 percent of the platinum group metal loading in the

second layer.

12. An exhaust system for internal combustion engines comprising the

ΝΟχ trap of claim 1 .

13. The exhaust system of claim 12 further comprising an oxidation

catalyst, a particulate filter, or combinations thereof.

14. A method for treating an exhaust gas from an internal combustion

engine comprising contacting the exhaust gas with the NOx trap of claim 1.
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