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REFRACTORY EXHAUST FILTERING
METHOD AND APPARATUS

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a divisional to U.S. patent application
Ser. No. 11/276,524 filed Mar. 3, 2006, now U.S. Pat. No.
7,211,232 which is a continuation to U.S. patent application
Ser. No. 11/164,005 filed Nov. 7, 2005, now abandoned both
incorporated by reference herein.

BACKGROUND

1. Field

The present invention relates generally to a catalytic device
for reducing the pollution content of an exhaust gas.

2. Description of Related Art

Exhaust systems perform several functions for a modern
engine. For example, the exhaust system is expected to man-
age heat, reduce pollutants, control noise, and sometimes
filter particulate matter. Generally, these individual functions
are performed by separate and distinct components. Take, for
example, the exhaust system of a typical gasoline engine. The
engine exhaust system may use a set of heat exchangers or
external baftles to capture and dissipate heat. A separate muf-
fler may be coupled to the exhaust outlet to control noise,
while a catalytic converter assembly may be placed in the
exhaust path to reduce non-particulate pollutants. Although
today particulates are not generally the pollutants focused
upon in the gasoline engine, it is likely that more restrictive
regulations may soon apply.

An exhaust system for a modern gasoline engine is nearly
universally required to remove or eliminate some of the non-
particulate pollutants from the exhaust gas stream, and there-
fore might employ a known emissions control device, such as
three-way catalytic converter. Such a three-way converter
uses chemical oxidation and reduction processes to remove
non-particulate pollutants from the exhaust gas stream. The
known catalytic (or metal) converter holds a catalytic material
that, when sufficiently heated, reacts with exhaust gassed to
lower the chemical potential to react non-particulate pollut-
ants into non-pollutants. More particularly, the known con-
verter uses a flow-through design where exhaust gasses enter
one end of the converter, flow through open parallel channels,
come into contact with a catalyst for converting some of the
pollutants in the exhaust gas stream into non-pollutants
before ultimately flowing out into the atmosphere. As the
exhaust gas flows through the channels, laminar flows are
created which cause the exhaust gases to flow down the chan-
nel and, due to concentration gradient and mass-transfer
effects, come into contact with the catalyst residing on the
channel walls. The channel walls have the catalytic material
disposed on their surfaces, and as the hot exhaust gas contacts
the channel walls, the walls are heated to elevate the catalytic
material to the a threshold temperature above which the cata-
lyzed reactions readily occur. This is colloquially known as
the ‘light-off” temperature. Likewise, the time it takes for the
light-off temperature to be reached is known as the ‘light-oft”
period. Then, as the exhaust gas continues to flow, the cata-
lytic material interacts with the pollutants in the exhaust gas
to facilitate the conversion thereof into non-polluting emis-
sions. About 50% ofthe pollution generated from and emitted
by modern engines equipped with catalytic converters occurs
during this light-off period when the converter is essentially
non-operational. In certain vehicle applications, such as stop
and go traffic and short trips in cities, the overall usefulness of
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the catalytic converter to reduce pollution is mitigated since
the converter spends a significant amount of time at tempera-
ture below catalyst light-off or relating to low conversion
efficiencies.

The action of moving the exhaust gas through open chan-
nels and transporting the pollutants to the channel walls
occurs via a gaseous diffusion mechanism. Once the catalyst
has reached its activation temperature, the reaction rate is
dependant on the rate of mass transter from the bulk of the gas
stream (center of the laminar gas flow) to the walls. As the
catalyzed pollutant-eliminating reactions occur at the wall-
gas interface (where the catalyst is typically located), a con-
centration gradient of pollutants is generated in the exhaust
gas stream. A boundary layer develops and, being the slowest
process under such conditions, mass-transfer principles dic-
tate the overall rate of the reaction. Since bulk diffusion is a
relatively slow process, the number of open channels is typi-
cally increased to compensate, and increase the overall reac-
tion rate. The effect is essentially to reduce the distance that
the gas molecules have to travel to diffuse from the bulk into
the boundary layer. Additionally, the relatively limiting bulk
diffusion step may be compensated for by making the con-
verter in a honeycomb design or by otherwise increasing the
effective catalytic surface area. By simultaneously reducing
the size of the open channels and increasing the number of
channels, the bulk diffusion rate may effectively be increased
and the efficiency of the converter improved. However, mak-
ing such a “closed-cell” honeycomb design results in a
decrease in the thickness, and thus the strength, of the cell
walls and an increase in the backpressure to the engine. Thus,
the converter is made more fragile while the fuel economy of
the vehicle is simultaneously decreased. Accordingly, there
are practical limits on the minimum size of the open channels
that restrict the ability to significantly improve the bulk trans-
fer rate of traditional monolithic honeycomb converters past
a certain point.

Thus, due to the inefficiency of the bulk transfer process the
converter is typically made quite large and is therefore heavy,
bulky and relatively slow to heat to the threshold catalytic
operating temperature. Typically, several catalytic converters
may be arranged in a sequential order to improve overall
emission control.

Known three-way gasoline catalytic converters do not filter
particulate matter. Recent studies have shown that particu-
lates from a gasoline ICE (internal combustion engine) may
be both dangerous to health and generated at quantities
roughly equal to post-DPF (diesel particulate filter) PM (par-
ticulate matter) emission levels. As PM emissions standards
are tightened, both diesel and gasoline engines will have to be
further modified to reduce PM emissions. Some European
agencies are already considering the regulation of gasoline
PM emissions.

Most, if not all, catalytic systems do not efficiently or
effectively operate until a threshold operational temperature
is reached. During this “light-off” period, substantial
amounts of particulate and non-particulate pollution are emit-
ted into the atmosphere. Accordingly, it is often desirable to
place a catalytic device as close as possible to the engine
manifold, where exhaust gasses are hottest and thus light-off
time is shortest. In this way, the catalyst may more quickly
extract sufficient heat from the engine exhaust gasses to reach
its operational temperature. However, materials, design and/
or safety constraints may limit placement of the catalytic
converter to a position spaced away from the manifold. When
the catalytic converters are spaced away from the manifold,
light off time is increased, and additional pollutants are thus
exhausted into the atmosphere.






