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CLOSELY COUPLED EXHAUST CATALYST
SYSTEM AND ENGINE STRATEGY
ASSOCIATED THEREWITH

TECHNICAL FIELD

The present invention pertains to a closely coupled cata-
lytic system which is effective in reducing emissions from
internal combustion engines. More particularly, the present
invention pertains to a closely coupled catalytic system
employing a highly loaded Pd or trimetal catalyst to enhance
cold-start light off in conjunction with more lightly loaded
catalysts to prevent emissions break-through under warmed-
up conditions. The present invention further pertains to an
engine strategy which optimizes emissions reduction.

BACKGROUND ART

Since the advent of emissions standards for internal
combustion engines for cars, trucks, and other vehicles,
emissions of hydrocarbons (HC), carbon monoxide (CO),
and nitrogen oxides (NO,) have markedly declined. This
decline has been brought about through the use of a variety
of techniques including electronic fuel injection (EFI), elec-
tronic (computerized) engine control (EEC), and the use of
a variety of catalytic converters to oxidize hydrocarbons and
carbon monoxide, and to reduce NO,, to nitrogen. However,
increasingly more stringent emissions standards, particu-
larly those promulgated by the California Air Control Board,
require still further emissions reductions over extended
periods of engine operation.

For example, California’s ULEV emissions levels of 0.04
g/mile HC, 1.7 g/mile CO, and 0.2 g/mile NO,; or the
European Stage III requirements of 0.1 g/Km HC, 1.5 g/Km
CO, and 0.1 g/Km NO,, are difficult to meet with current
equipment, and yet more difficult to sustain over 50,000 mile
and 100,000 mile use periods. During emissions testing, a
considerable amount of total emissions occur during engine
warm-up after a room temperature soak. During this time
period, the emissions-reducing catalysts located in the cata-
lytic converter(s) are largely ineffectual due to the fact that
they have not reached a temperature at which significant
catalytic activity can be maintained (light-off). Thus, par-
ticular attempts have been made to decrease emissions
during engine warm-up.

Among the devices used to decrease cold-start emissions
are electrically heated catalysts to ensure rapid light-off;
exhaust system burners, either EGI or fuel burners; close-
coupled catalysts, and cold start spark retard and enleanment
(CSSRE) or hydrocarbon traps. The first four of these are
means of more rapidly heating the exhaust catalyst, thus
reducing the light-off time and resultant cold-start emis-
sions. The last are means of collecting hydrocarbons prior to
exiting the system, and reusing them as fuel. In general, the
above devices require additional hardware, packaging space,
and cost.

For example, U.S. Pat. No. 5,349,816 discloses an inter-
nal combustion engine having a closely coupled catalyst to
reduce HC and further downstream catalysts for reducing
NO,. The first catalyst is active during warm-up, following
which a flapper valve bypasses the first catalyst, directing
the exhaust exclusively to the downstream catalysts. The use
of the electronically controlled flapper valve adds to com-
ponent cost as well as introducing additional components
capable of failure into the vehicle. The closely coupled
catalyst is used during cold-start only, representing a non-
economical application of expensive catalyst components.

In U.S. Pat. No. 5,332,554, a two-stage catalytic converter
is disclosed, the first converter containing an unspecified
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pretreatment catalyst, the second converter having multiple
monolithic catalyst elements, a first element having depos-
ited on its upstream end a multi-layer platinum/palladium
catalyst containing 0.35 g/l to 1.0 g/1 (9.9 g/ft’ to 28.3 g/ft°)
of palladium. Located further downstream is a further oxi-
dizing catalyst. The necessity for a pretreatment catalyst
increases the cost and complexity of the system. The U.S.
Pat. No. 5,332,554 system is not believed capable of meet-
ing upcoming, more stringent emissions standards.

In U.S. Pat. No. 5,179,059 are disclosed catalysts having
improved light-off behavior prepared by impregnating
active aluminum oxide, containing customary promoters,
with platinum, palladium, and rhodium, followed by asso-
ciating the precious metal catalysts with up to five times
their mass of base metal. Amounts of palladium of c.a. 6.5
g/ft> are disclosed.

It has also been proposed to further lower hydrocarbon
emissions by injection of air into the exhaust stream by
engine-driven or electrically driven air pump. For example,
U.S. Pat. No. 5,410,872 discloses supplying air to maintain
a stoichiometric increase in oxygen in the range of 0.5 to 1.5
volume percent excess oxygen. However, addition of air
during cold-start conditions has the effect of reducing the
temperature of the exhaust gases, thus increasing the time
for catalyst light-off.

It would be desirable to provide a catalyst system which
is capable of meeting ultra-low emissions levels by lowering
cold-start emissions without the use of active components
such as electrical heaters, fuel burners, flapper valves, and
the like. It would be desirable, also, to minimize the light-off
of such catalyst systems by employing a cold-start, light-
off-assisting engine strategy. It would be further desirable to
lower emissions through the optional use of air injection
without significantly delaying catalyst light-off. It would be
yet further desirable to maintain lowered emissions during
warmed-up engine operation by eliminating spikes and
break-through of CO and HC during this phase of engine
operation.

SUMMARY OF THE INVENTION

It has now been surprisingly discovered that the use of a
highly loaded palladium or trimetal catalytic element of high
stability induced by incorporation of lanthanum, barium,
zirconium oxide or stabilized cerium oxide, and having
relatively large size Pd particles, closely coupled to the
exhaust of an internal combustion engine in conjunction
with more lightly loaded catalytic elements located
downstream, provides sharply reduced cold-start emissions,
resulting in the ability to meet ultra low emission levels by
wide margins in a completely passive system. It has been
further unexpectedly discovered that an engine strategy
involving delayed air injection and ignition retardation
cycling provides for further cold-start reductions while
maintaining driveability, and that ignition retardation damp-
ening yet further reduces HC and CO spikes and break-
through during warmed-up operation.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 illustrates the decrease in 50% light-off time when
using the heavily loaded catalysts of the subject invention;

FIGS. 2A-2C illustrate the improvement in HC, CO and
NO,, levels provided by the subject invention;

FIG. 3 illustrates a non-limiting physical embodiment of
the catalyst system of the subject invention; and

FIG. 4 illustrates emissions reductions in catalyst systems
employing ceramic and metallic substrates.
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DESCRIPTION OF THE PREFERRED
EMBODIMENTS

The ultra-low emissions system of the present invention,
in its simplest aspect, comprises a closely coupled catalytic
converter employing a first, highly loaded palladium or
trimetal catalytic element closely coupled to the engine
exhaust manifold, together with more lightly loaded cata-
lysts located downstream from the first catalytic element.
This system acts as an entirely passive emissions reduction
system capable of reducing emissions to below the Califor-
nia 1998 emissions levels and below the European Stage IIT
emissions levels, both by a wide margin.

In preferred embodiments, the closely coupled ultra low
emissions system is employed together with an emissions
reduction engine strategy which optionally includes addition
of secondary air ahead of the first catalyst element to the
catalyst at controlled portions of the engine cycle, as more
fully set forth below.

The first, highly loaded catalytic element may be of the
palladium or trimetal type. The active catalytic components
are supported on traditional catalyst supports such as
alumina, optionally in conjunction with known catalyst
promoters such as cerium, lanthanum, and other metal
oxides, on ceramic or metal substrates. In the preferred
system, the first catalytic element contains palladium at a
level of at least 100 g/ft*, preferably at least 150 g/ft>, more
preferably at least 200 g/ft>, and particularly about 250 g/ft>.
A range of 100 g/ft> to 300 g/ft> is highly suitable. When the
fuel supplied is low sulfur fuel, for example fuel containing
about 50-100 ppm sulfur or less, it is preferred that sub-
stantially all precious metal of the catalyst be palladium.
When the sulfur content of the fuel is greater than 100 ppm,
and particularly in the “normal” range of c.a. 300 ppm, it is
desirable that a “trimetal” catalyst be used, i.e. a catalyst
having substantial amounts of palladium but further incor-
porating other precious metals such as platinum and
rhodium associated with the palladium to minimize catalyst
poisoning due to sulfur contained in the fuel. Such trimetal
catalysts should contain at least 100 g/ft® palladium
equivalent, defined as an amount of platinum group metals,
particularly Pd, Pt, and Rh, which provides the same degree
of hydrocarbon reduction as a palladium-only catalyst
deposited on a like support, and having a catalyst 50%
light-off time of 40 seconds or less. Such catalysts typically
contain minimally 60-75 g/ft> or more of palladium in
conjunction with other precious metals to provide 100 g/ft>
palladium equivalent, and correspondingly higher amounts
of palladium to provide higher palladium equivalents, pref-
erably in the range of 100 g/ft° to 300 g/ft>.

The first, highly loaded palladium or trimetal catalysts are
prepared using traditional methodology but with higher
metal levels and relatively larger palladium particle size.
Traditional palladium particle sizes range from about 5 Ato
15 A, while those of the first catalytic element are relatively
larger, for example in the range of 60A to 1500 A, and
preferably in the range of 100 Ao 600 A. The larger particle
sizes are prepared by methods known to the skilled artisan,
for example by employing a less porous substrate. The
catalytic metals may be coated on traditional monolithic
ceramic substrates of cordierite, mullite, alumina, etc. For
example, a cordierite monolith having 400 square channel
cells per square inch may be coated with a gamma alumina
wash-coat by dipping the monolith into a dispersion of
gamma alumina, drying, and firing to provide a wash-coated
substrate. The gamma alumina dispersion may contain cata-
lyst promoters, either in solution or dispersion, and may
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further contain metal catalyst salts such as platinum,
rhodium, and/or palladium chlorides, generally with a mod-
est quantity of nitric acid. After firing, the wash-coated
substrate is loaded with palladium by immersion in a con-
centrated palladium salt solution, optionally with additional
metal salts, and firing. The amount of palladium may be
increased by further dipping/firing steps until the desired
loading of palladium is obtained. The substrate may be
further subjected to additional catalyst deposition where
desired to render the catalyst less subject to catalyst poison-
ing or to increase catalyst conversion efficiency with respect
to a particular emissive class, e.g. HC, CO, or NO,. Treat-
ment with platinum and/or rhodium salts and firing to
deposit metallic platinum and/or rhodium (trimetal
catalysts) is preferred when precious metals other than just
palladium are used.

The first, highly loaded palladium or trimetal catalyst
must be closely coupled to the exhaust of the internal
combustion engine. By “close coupling” is meant a location
minimally spaced apart from the engine exhaust but at a
distance such that catalyst deactivation does not occur due to
overheating of the catalyst. It has been found that a position
approximately 6 to 9 inches (15 cm to 23 cm) from the
engine exhaust manifold outlet is highly satisfactory. For
palladium or trimetal catalysts with high heat resistance, a
closer location, for example 4 inches (10 cm) may be
suitable. Locations greater than 9 inches (23 cm) away are
less desirable due to the reduced temperature of exhaust gas
impinging upon the catalyst which delays catalyst light-off
under cold-start or partial cold-start conditions. However,
due to the exceptionally low emissions brought about by the
present invention, distances of up to about 12 to 18 inches
(30 to 46 cm) may be tolerated without increasing emissions
beyond tolerable levels. For maximum decrease in
emissions, the distance of the first catalytic element from the
exhaust manifold is preferably not greater than 15 inches (38
cm), preferably about 12 inches (30 c¢m) or less, and most
advantageously, as stated, between 6 inches and 9 inches (15
cm and 23 cm, respectively).

The ultra low emissions system of the subject invention
further comprises one or more second catalytic elements,
which may be the same or different, which further decrease
emissions as well as maintaining reduced emissions during
warmed-up engine operation. A second catalytic element
may be a less highly loaded palladium or trimetal catalyst or
other catalyst, preferably located proximate the first catalytic
element. For example, a suitable second catalytic element is
a gamma alumina-supported palladium catalyst having a
palladium loading of 50 g/ft* of palladium or higher, pref-
erably at least 80 g/ft>, and more preferably at least 100 g/ft>.
Equivalent trimetal catalysts as hereinbefore described are
also suitable. The nature of the second catalytic element is
not as critical as that of the first, since early light-off, for
which the first catalytic element is employed, is not a major
concern. Moreover, as the second catalytic element is
located further downstream in the exhaust system, the sec-
ond catalytic element does not have to contend with the high
exhaust temperatures proximate the exhaust manifold, and
hence more common redox catalysts which would deactivate
at the high temperatures experienced by the first catalytic
element may be used. Preferably, the second catalytic ele-
ment contains finely dispersed palladium in close proximity
to cerium oxide or oxides of praseodymium to achieve high
and stable oxygen storage capacity.

The second catalytic element may be located within the
same catalytic converter housing as the first catalytic
element, or may be located in a separate catalytic converter


















