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(57) Abstract

A catalytic converter is described for a lean burn spark ignition internal combustion engine. The converter comprises a first and a
second catalyst matrix (12, 14) connected in series with one another. The first matrix (12) has a coating that includes an oxygen storage
material and the second matrix (14) has a coating that includes a NOx storage material. To allow rapid purging of the NOx trap, the
catalytic converter includes a bypass to allow a proportion of the exhaust gases to flow to the second matrix (14) without that proportion
losing its HC and CO content by reacting with the oxygen stored in the coating of the first matrix (12).
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CATALYTIC CONVERTER FOR A LEAN BURN ENGINE

Field of the invention

The present invention relates to a catalytic converter
containing a NOx trap for use in the exhaust system of a lean

burn engine.

Background of the invention

In a lean burn engine, the exhaust system typically consists
of a first and a second catalyst matrix connected in series,
with a NO, trap incorporated into the second catalyst matrix.
This arrangement is to be preferred over the alternative
arrangement wherein a single catalyst matrix is used and the
NOyx trap is incorporated into the single catalyst matrix.
This 1s because of the difference in the desired operating
temperature range over which the oxidation of HC and CO in
the catalyst is effective (300°C to 900°C) and the
temperature range over which the absorption of the NO, in the
NOy trap is effective (250°C to 450°C) which is much
narrower. By having the NOy trap in the second catalyst
matrix, it is possible to optimise the operating temperature
range of the NOyx trap independently of the operating
temperature range of the first catalyst matrix in order to

achieve the maximum NO, storage efficiency.

However, a disadvantage of arranging the NOyx trap downstream
of the first catalyst matrix becomes evident during the
process of purging the trap which is necessary at regular
time intervals to remove some of the NOy previously stored in
the trap. The method of purging of the trap involves
changing the air/fuel ratio calibration of the engine from a
steady lean setting to a temporary rich setting in order to
alter the equilibrium condition at the NOx trap and change
from the absorption mode to the desorption mode whereupon
the released NOyx is reacted with the HC and CO in the rich
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exhaust gases in the presence of a catalyst such that all

three pollutants are converted to harmless gases.

In the above arrangement of the exhaust system, it is found
that the engine must be operated with a rich setting for a
considerable length of time before the purging of the NO,
trap becomes effective. This is undesirable from the point
of view of fuel economy since the fuel efficiency benefit
during lean burn is typically +5% whereas the fuel
efficiency penalty during rich purge is -30% compared with a
stoichiometric calibration. It is clear that the purge time
must be kept to a minimum in order to avoid being counter-
productive in achieving good overall fuel economy with a

lean burn engine.

Object of the present invention

The present invention seeks to reduce the purge time for the

NOx trap in the exhaust system of a lean burn engine.

Summary of the invention

According to the present invention, there is provided a
catalytic converter for a lean burn spark ignition internal
combustion engine comprising a first and a second catalyst
matrix connected in series with one another, the first
matrix having a coating that includes an oxXygen storage
material and the second having a coating that includes a NOy«
storage material, wherein the catalytic converter is
designed in such a manner as to allow a proportion of the
exhaust gases to flow to the second matrix without the said
proportion losing its HC and CO content by reacting with the
oxygen stored in the coating of the first matrix.

In one embodiment of the invention, a pipe is provided to

bypass permanently the first matrix to allow the desired
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proportion of the exhaust gases to reach the second matrix

without at any time flowing through the first matrix.

Such an embodiment requires an alteration to the housing of
the matrix which adds to manufacturing cost and the
bypassing upsets the flow distribution through the matrix,
which is undesirable because it affects the performance of
the catalyst and can cause hot spots that may damage the
matrix. This embodiment, though not preferred, does however
illustrate the principle of the invention of allowing a
small proportion of the exhaust gases to reach the second
matrix without having their HC and CO content reduced by the

oxygen stored in the coating of the first matrix.

A simpler way of creating such a bypass would be to form a
bypass hole through the body of the first matrix. Here the
hole or holes can be positioned to maintain a symmetrical
gas flow distribution and does not require the housing to be
modified. The flow distribution will still not be even as
gases will preferentially flow through the larger bypass
holes and will pass through these holes at higher speed.

A further possibility would be to make the mesh size of the
first matrix sufficiently large so as to allow the
proportion of the gases to pass through the flow channels of
the first matrix without coming into contact with the walls
of the first matrix. Such an embodiment is difficult to
engineer as it is difficult to arrive at an optimum mesh
size in relation of the length to allow just the required

proportion of the gases to pass through unreacted.

In the preferred embodiment of the invention, selected flow
channels of the first matrix are arranged to contain no
oxygen storage material. In this case, the gas flow through
the matrix need not be modified in any way and only the
chemical properties of selected flow channels of the first

matrix are modified to ensure that a proportion of the



10

15

20

25

30

35

WO 97/47863 PCT/GB97/01210

exhaust gases can pass through them without reacting with
stored oxygen. Such a matrix may be produced simply by
blanking off the selected flow channels during processing of
the ceramic substrate to apply the oxygen storage coating to

the substrate.

In the prior art, the excessive purge time comes about from
the fact that the first matrix is a three-way catalyst which
is necessary for use with the engine when it is running at a
stoichiometric air/fuel ratio calibration during high load
operations. The three-way catalyst is capable of redox
reaction in reducing NOx and oxidising HC and CO within the
same matrix and contains oxygen storage components for
preventing breakthrough of HC and CO through the matrix
during transient rich excursions when there is a temporary
shortage of oxygen in the exhaust gases. During the purging
of the NOx trap of the second matrix, when the engine
air/fuel ratio is set rich, the stored oxygen in the first
matrix intercepts the HC and CO in the rich exhaust gases
and delays the breakthrough of these constituents which are
necessary for the purging of the NOy trap. The consequence
of this is that the rich setting must be maintained for a
considerable time in order to allow for the delay of the
breakthrough of HC and CO reaching the NO, trap.

Short rich air/fuel ratio excursions which often occur
during gear changes and decelerations of the vehicle are
also not effective for purging the NO, trap in the prior art
system precisely because the oxygen storage in the first
catalyst matrix is designed to neutralise these transient
rich excursions and prevent breakthrough of HC and CO
reaching the NOy trap.

By contrast, in the present invention, a predetermined
proportion of the exhaust flow is intentionally carried
directly to the NOy trap in the second matrix without being

reacted with stored oxygen in the first matrix. Thus any
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short rich air/fuel ratio excursion will be immediately
effective for purging of the NOx trap. 1In this context, the
NO, trap has an equivalent function to the oxygen storage in
that it neutralises the transient rich excursions and
prevents breakthrough of HC and CO through the second
matrix. This applies for both deliberate purging when the
air/fuel ratio of the engine is intentionally perturbed with
a rich excursion and incidental purging from transient rich

excursions during gear changes and decelerations.

Typically the duration of the rich excursions which are
effective for purging the NO, trap in the present invention
is of the order of 0.3 seconds compared with 1.5 seconds
required in the prior art systems. As explained above, this
reduction in the purge time represents a significant

reduction in the fuel economy penalty.

Moreover, under urban driving conditions, the incidental
rich excursions during frequent gear changes and
decelerations, which typically account for 6% and 4%
respectively of the overall fuel consumption of the vehicle,
will be sufficient to maintain a high level of purge in the
NO¢ trap without having to introduce additional deliberate
purges by setting the engine to run rich. In this case,
there will be no fuel economy penalty at all as a

consequence of the purging of the NO, trap.

Brief description of the drawings

The invention will now be described further, by way of
example, with reference to the accompanying drawings, in
which
Figure 1 is a schematic section through a catalytic
converter in accordance with a first embodiment of the
invention, and
Figures 2 and 3 are schematic sections similar to that of

Figure 1 showing two further embodiments of the invention.
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Detailed description of the preferred embpodiments

Figure 1 shows a catalytic converter 10 having two matrices
12 and 14 arranged in series with one another in the
direction of gas flow. The first matrix 12, arranged

at the upstream end of the converter 10, is a three way
catalyst that has an oxygen storage coating. The second
matrix 14 is a three way catalyst the coating of which
incorporates a NOy trap. A bypass pipe 16 allows a
proportion of the exhaust gases to reach the second matrix

14 without passing through the first matrix 12.

In common with all the embodiments of the invention to be
described below, the embodiment of Figure 1 is intended to
allow purging of the NOyx trap in the second matrix by
enriching the fuel mixture supplied to the engine for as
short a time as possible. This is achieved because
immediately following the fuelling disturbance the resulting
HC and CO in the exhaust gases will reach the second matrix
14 by way of the bypass pipe 16 without having first been
reacted with stored oxygen in the first matrix 12. ©On
reaching the second matrix 14 the reducing atmosphere will
cause the stored NOyx in the NO4 trap to be released and in
the presence of the three way catalyst the NOy will react
with the HC and CO to produce N;, H;0 and CC, which can then
be safely discharged.

In the embodiment of Figure 2 the reducing atmosphere
required for purging the NOy trap flows through a bypass
passage having the form of a central hole 24 in the first
matrix 22. This avoids the need to modify the housing of
the catalytic converter 10. The hole 24 is in other
respects analogous to the bypass pipe 16 in Figure 1.
Instead of providing a separate large hole 24 for the
unreacted gases, a further possibility is to enlarge all the

flow channels of the matrix so that they all allow a
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proportion of the exhaust gases to pass through them

unreacted.

In the embodiment of Figure 3 the first matrix 32 has flow
channels that are all of the same cross-section so that the
flow distribution through the first matrix 12 is not
disturbed in any way. However in contrast with a
conventional first matrix, the procedure adopted to apply to
the matrix substrate a catalyst and oxygen storage coating
is modified so that the oxygen storage coating is applied to
a central section 32a in the normal manner, as represented
by the shading in Figure 3, but the surrounding annulus 32b
is allowed to remain uncoated at least with the oxygen
storage component. This can be achieved by masking the ends
of the substrate to prevent the applied fluids from
penetrating into selected flow channels during the coating
process. The reducing atmosphere required for purging the
NOx trap flows through the annulus 32b but is unreacted
because there is no stored oxygen in the annulus 32b. This
embodiment has the advantage that the flow distribution is
totally unaffected and no modification whatever is required

to the substrate geometry or the converter housing.

The uncoated channels are located in the outer periphery of
the first matrix 32 because under high flow rates a lesser
proportion flows through these channels than through the
centre of the matrix. Therefore the reduced efficiency of
the matrix 32 would be less perceptible under high load

conditions.
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CLAIMS

1. A catalytic converter for a lean burn spark
ignition internal combustion engine comprising a first
(12,22,32) and a second (14) catalyst matrix connected in
series with one another, the first matrix (12,22,32) having
a coating that includes an oxygen storage material and the
second matrix (14) having a coating that includes a NOy
storage material, characterised in that the catalytic
converter is designed in such a manner as to allow a
proportion of the exhaust gases to flow to the second matrix
(14) without the said proportion losing its HC and CO
content by reacting with the oxygen stored in the coating of
the first matrix (12,22,32).

2. A catalytic converter as claimed in claim 1,
wherein a pipe (16) is provided to bypass permanently the
first matrix (12) to allow the desired proportion of the
exhaust gases to reach the second matrix (14) without at any

time flowing through the first matrix (12).

3. A catalytic converter as claimed in claim 1 or 2,
wherein a bypass hole (24) is formed through the body of the

first matrix (22).

4. A catalytic converter as claimed in claim 1,
wherein the mesh size of the first matrix is sufficiently
large to allow the proportion of the gases to pass through
the flow channels of the first matrix without coming into

contact with the walls of the first matrix.

5. A catalytic converter as claimed in claim 1,
wherein selected flow channels (32b) of the first matrix

{32) are arranged to contain no oxygen storage material.
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6. A catalytic converter as claimed in claim 5,
wherein the flow channels (32) containing no oxygen storage

material are located in an annulus about the central axis of
the first matrix (32).
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