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WO 93/17229 PCT/US93/01662

CATALYTIC SYSTEM

5 FIELD OF THE INVENTION

This invention relates to catalytic systems,
more particularly to automotive emission conversion
systems and systems for providing metal catalysts for

converting automotive emissions.
10

BACKGROUND OF THE INVENTION
There has long been a need to employ catalysts

in reactions such as simultaneous combustion leading to
oxidation of carbon monoxide and unburned hydrocarbons,

15 and the reduction of nitrogen oxides (NOx) which are
emitted from automotive engines and the like. The role
of catalysts, particularly three-way catalysts, in
automotive emission control has been widely studied in
the art. For example, Taylor, "Automobile Catalytic

20 Converter", Catalysis, Science and Technology, pp. 119-67
(Anderson et al. eds. 1984), describes emission control
technology, composition of three-way catalysts and
catalytic supports.

Conventional systems for converting automotive
25 exhaust gases employ pre-fabricated supported catalysts,
typically a solid stratum of catalyst material, such as
honeycombed ceramic structures, which are placed in the
exhaust section of the automobile. As the emissions pass
through the solid, the catalytic metal present on the
30 strata aids in conversion of CO, NOx and unburned
hydrocarbons to CO;, N, and H,0. However, the solid



WO 93/17229 PCT/US93/01662

10

15

20

25

30

35

2

strata-type catalytic converter eventually becomes spent,
and requires removal and replacement in the exhaust
portion of the engine. Moreover, structures such as a
honeycomb support are complex and relatively expensive to
manufacture. State of the art systems capable of
carrying out three-way catalysis include those having
supported noble metals such as rhodium and platinum, with
rhodium being a preferred catalyst for the reaction:

NO + CO ----- > ¥ N, + CO,

Platinum is the preferred catalyst for
oxidation of CO and unburned hydrocarbons.

The noble metals are expensive and in limited
supply, particularly rhodium. This is exacerbated by the
fact that current usage of Pt and Rh in three-way
catalysis exceeds the Rh/Pt mine ratio. Thus, reduction
of noble metal usage is a problem of three-way catalysis.
Therefore, it is necessary to develop alternative
approaches to emission control.

U.S. Patents 4,295,816, 4,382,017 and 4,475,483
describe catalyst solutions and delivery systems for
improving the efficiency of combustion chambers. The
catalyst solutions described in these patents comprise
(a) a single metal catalyst compound, H,PtCle.6H,0; a
chloride compound such as HCl, LiCl, or NaCl; an
antifreeze compound such as ethylene glycol; and
approximately 50 percent water by volume, (b) a single
platinum group metal catalyst in water and a layer of oil
containing a manganese catalyst provided on top of the
surface of the water, or (c) a single rhenium metal
catalyst in water, or in a glycol solvent containing a
chloride blocking agent, and a layer of oil containing a
manganese catalyst provided on top of the surface of the
water. The solutions are not taught or suggested for use
in aiding conversion of automotive emissions, require a
chloride "blocking agent" where a glycol solvent is
employed, and contain undesirably high levels of water.
Moreover, the solutions create an undesirable acidic and
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corrosive environment. The patents do not teach or
suggest use of a solvent such as a diethylene glycol
derivative, or that the solution could be used for
deposition onto a surface within the exhaust system of an
automobile.

Accordingly, there is a need for alternative
methods of converting automotive emissions not utilizing
conventional pre-fabricated, additional, non-regenerable
solid catalytic material-containing supports in the
exhaust system of an automobile.

OBJECTS AND SUMMARY OF THE INVENTION

In light of the foregoing, it is an object of
the invention to provide a catalytic system capable of
converting emissions from automotive engines.

It is a further object of the invention to
provide a catalytic system capable of converting
automotive emissions without the need for an additional,
pre-fabricated, non-regenerable solid catalytic support
system in the exhaust portion of an engine.

These and other objects of the invention are
accomplished by a catalytic system comprising a metal
catalyst in a liquid catalyst solution, means for adding
metal catalyst from the solution to a combustion system,
and a catalyst collector for collecting the metal
catalyst which can serve as a reaction vessel. The
invention further comprises a method for converting
emissions from a combustion chamber comprising providing
a source of metal catalyst in a liquid solution; adding
the metal catalyst to a combustion system; carrying the
metal catalyst to a catalyst collector and reaction
vessel; depositing the metal catalyst on a solid surface
in the catalyst collector and reaction vessel; and
converting the emissions from the combustion chamber by
contacting the emissions and the metal catalyst.

BRIEF DESCRIPTION OF THE DRAWINGS
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Figure 1 is a schematic of a catalytic system
of the present invention.

Figure 2 is a schematic of a second embodiment
of a catalytic system of the present invention.

Figure 3 is a schematic of a third embodiment
of a catalytic system of the present invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
The catalytic systems of the present invention
comprise a source of metal catalyst, means for adding
metal catalyst to a combustion system, a catalyst
collector for collecting the metal catalyst and for
serving as a reaction vessel in the conversion of

starting materials such as automotive emissions to final
products.

The source of metal catalyst preferably is a
catalytic solution containing one or more metal compounds
in a suitable solvent. Metals useful in the present
invention include middle transition metals, particularly
Group VIIA metals such as rhenium, and ending transition
metals, such as Group VIIIA metals including platinum and
rhodium. The metals are present in compound forms such
as chlorides, carbonyls, perrhenates, and oxides in the
solution. Preferred solvents for the metal compounds
include glycol derivatives, and in particular diethylene
glycol derivatives such as diglyme [CH;0 (CH,),0 (CH,),0CH,],
triglyme and tetraglyme. Other preferred solvents
include alkyl pyrrolidones such as N-methyl pyrrolidone
and alkoxy ethyl ethers such as bis- [2-[2-methoxy-
ethoxy]ethyl] ether. Diglyme is a particularly preferred
solvent. In the most preferred embodiment, the solution
contains H,PtCle.6H,0, LiReO, and RhCl;.4H,0 in diglyme. A
co-pending application U. S. Serial No. 07/841,356, filed
February 25, 1992, contains further details and
embodiments of suitable solutions for use in the present
invention, and the disclosure of that application is
incorporated herein by reference.
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The catalyst source is connected to a means for
adding the metal catalyst to the combustion system.
Suitable means can include an atomizer, a pump with a
restraining orifice, or a nozzle. Due to the physical
and chemical properties of catalyst solutions, which can
be used in the present invention, the solution can be
exposed to the incoming air into the automotive engine.
In this embodiment, as the air passes over the solutions
which can be used in the present invention, the catalyst
compound becomes entrained and is carried into and
through the combustion chamber with or without any
additional pumping or other assistance.

The catalyst collector is located downstream of
the combustion chamber. The collector receives the
catalyst and serves as a reaction vessel for conversion
of automotive emissions to CO,, N;, and H;0. The catalyst
collector is any surface capable of retaining the
catalyst and making the catalyst sufficiently available
for reaction with automotive emissions which flow past
the collector. The collector can be any section of
exhaust system. While it is preferred that the collector
is a muffler or muffler-like system, as is explained more
fully below, the collector can also be a section of the
tailpipe of an automotive system. In this embodiment,
the catalyst is deposited on the surface of the tailpipe
and acts as a reaction site for the emissions passing
through the tailpipe.

Preferably, the collector is a muffler or
muffler-like system having a series of trays and/or
baffles and/or a packed bed, with the inclusion of a
packed bed particularly preferred. A co-pending
application U.S. Serial No. 07/840,860 filed February 25,
1992, contains further details and embodiments of
suitable collectors for use in the present invention, and
the disclosure of that application is incorporated herein
by reference. The surface of the muffler should allow
the catalyst to be retained in the collector sufficiently
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to convert emissions passing through the collector. It
is preferred that the muffler surface either be made from
a solid material having a structure capable of retaining
the metals from the catalytic solution, or contain cracks
or pores on its surface capable of retaining the
catalytic metal. Suitable muffler surface materials can
include steel, iron, ceramics, and thermosetting
polymers, with low carbon steel being particularly
preferred. Low carbon steel refers to steel having a
carbon content less than about 0.5 percent by weight.

In a particularly preferred embodiment, the
muffler further contains an additional material capable
of retaining the metal catalyst. It has been found that
iron and iron compounds, as well as steels, particularly
low carbon steel, in the form of shavings, are especially
useful in the practice of the invention. The low carbon
steel shavings preferably are acid washed and packed into
the muffler. As the metal catalyst is carried into the
muffler, the catalyst is deposited on the steel.
Emissions passing through the muffler from the combustion
chamber can then contact the catalyst and be converted to
N;, CO; and H,0. CO and unburned hydrocarbons are
oxidized and NOx is reduced on the metal sites. Each of
these components is chemisorbed onto the metal site, and
after conversion, the reaction products are desorbed,
making the site available for further conversion. The
catalysis reaction preferably is a three-way catalysis:
oxidizing CO, oxidizing unburned hydrocarbons, and
reducing NOx. Optionally, an additional oxidation
catalyst can be employed to increase the conversion of CO
and unburned hydrocarbons emitted from the combustion
chamber.

In another embodiment, secondary air can be
added to the catalyst collector to promote oxidation of
CO and unburned hydrocarbons, instead of or in addition
to use of the optional oxidation catalyst. Where
employed, secondary air is added to comprise about 1 to
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15 volumetric percent of the gas flow through the
muffler. Preferably about 2 to 4 percent secondary air
is utilized.

Addition of the metal catalyst can be
controlled, for instance, by a microprocessor. Control
of metal catalyst feed can desirably increase the
efficient use of the catalyst, and decrease the amount of
catalyst used to convert a given level of emissions.

Feed control can be based on a variety of parameters in
the system, including the temperature of the air intake
into the automotive system, the temperature of the metal
catalyst source solution, the temperature in the
catalytic collector, the flow rate of the emissions from
the engine (as measured, for example, by engine rpm and
intake vacuum) .

Use of a catalytic system of the present
invention has been shown to permit operation of an
automotive engine in a leaner regime, thereby increasing
fuel economy. Conventional automotive engines adapted to
convert emissions sufficiently to meet current United
States pollutant level requirements of conversion of 76%
NOx, 94% CO and 94% unburned hydrocarbons must operate at
an air number of about 0.90 to 1.03 (with an air number
of 1.0 equivalent to a stoichiometric air:fuel ratio of
14.7:1 by weight). With catalytic systems of the present
invention, the engine can be operated at air numbers
above 1.10 and still meet pollutant level requirements.

Referring to Figure 1, there is shown a
catalyst system of the invention. The system contains a
catalytic reservoir 10 connected by a catalytic feed line
12 to an atomizer 14. A catalytic feed valve 16 is
positioned in feed line 12 to meter the flow of catalytic
feed to atomizer 14.

Reservoir 10 may be any suitable container for
the liquid catalytic feed solution. Preferred materials
for reservoir 10 are non-reactive or have a non- reactlve
inner coating, and include glass, teflon, fiberglass
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coated with teflon, steel coated with glass, and plastic
coated with teflon. Glass and teflon are particularly
preferred. In a typical automotive system, reservoir 10
preferably has an internal volume of about 0.5 liters.
Feed line 12 should be non-reactive with the catalyst
solution, and preferably is made from stainless steel or
non-reactive rubber. Feed valve 16 may be any suitable
valve for regulating the flow of feed through feed line
12. Preferably, valve 16 is controlled electronically,
such as by catalytic delivery control 18. A particularly
preferred feed valve is a solenoid valve such as a teflon
PTFE solenoid valve sold under Catalog Number L-01367-70
by Cole Palmer Instrument Co. (Chicago, Illinois).

Atomizer 14 preferably mistifies the catalytic
feed by contacting the liquid feed with a vibrating

nozzle tip, forming drops of feed when the ultrasonic

energy exceeds the surface tension of the liquid. A
particularly preferred atomizer is the Series 8700-120MS
(Micro Spray™) Ultrasonic Atomizing Nozzle sold by Sono-
Tek Corporation (Poughkeepsie, New York).

Atomizer 14 is connected to automotive air
intake line 20, and preferably is located downstream of
air-fuel ratio control 22. Air intake 20 leads to
combustion chamber 24, which is provided with an exit
conduit 26. The combustion chamber 24 can be any
suitable chamber, such as those present in a typical
automobile internal combustion engine. Conduit 26
preferably is a typical combustion engine exhaust line.

Conduit 26 is connected to vessel 28, which is
a site of catalytic collection and emission conversion.
Vessel 28 may be a section of the exhaust tailpipe, but
preferably is a muffler. A particularly preferred
muffler has a series of trays having low carbon steel
shavings packed thereon. Vessel 28 preferably contains a
plurality of distinct chambers. In a particularly
preferred embodiment, vessel 28 contains three chambers.
The first chamber contains low carbon steel shavings, and



WO 93/17229 PCT/US93/01662

10

15

20

25

30

35

9

is primarily a site of reduction of NOx. The second
chamber preferably contains low carbon steel shavings,
and serves as a mixing enhancer of secondary air from
secondary air inlet line 30 and the exhaust gases passing
through the first chamber of vessel 28. 1Inlet line 30
preferably is made from steel, and is connected to an air
source such as a belt-driven air compressor. The third
chamber contains low carbon steel shavings, and is
primarily a site of oxidation of CO and unburned
hydrocarbons. Suitable embodiments for vessel 28 are
more fully described in the co-pending application U.S.
Serial No. 07/840,860, filed February 25, 1992, herewith.

Vessel 28 is connected to a system exhaust line
32, which preferably is a typical automotive tailpipe.
Exhaust line 32 contains a catalyst structure 34.
Structure 34 preferably contains an oxidation catalyét,
such as iron, steel, or copper, or compounds theresof,
with cuprous oxide compounds being particularly
preferred. The oxidation catalysts of structure 34
preferably is formed into a thin sheet which is rolled
tightly into a cylindrical form and then positioned in
structure 34.

Catalytic delivery control 18 preferably
monitors several system parameters and controls the rate
of catalytic feed through feed valve 16. Control 18
preferably is a microprocessor. The system preferably
has a plurality of monitors which provide data to
catalytic delivery control 18. Temperature probe 36
monitors the temperature of the air intake in line 20.
Probe 36 preferably is a thermocouple capable of sending
signals such as analog or digital signals to control 18
via line 37. Likewise, catalytic supply temperature
probe 38 monitors the temperature of the catalytic feed
in reservoir 10, and transmits appropriate signals to
control 18 via line 39. Temperature probe 40 monitors
the temperatures in vessel 28, and sends appropriate
signals to control 18 via line 41.
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In an automotive engine system, the flow rate
of gaseous material in the system can be monitored by rpm
monitor 42. Monitor 42 measures the engine speed, such
as in revolutions per minute, and transmits appropriate
signals via line 43 to control 18. Monitor 42 preferably
is a conventional rpm monitor having a magnet on a
flywheel.

Vacuum monitoring valve 45 measure the vacuum
intake into combustion chamber 28 by placing a spring-
biased valve in the path of the air intake. As the
engine rpm increases, the capillary vacuum decreases,
until the spring bias overcomes the vacuum force and
closes the valve. When the valve closes, a circuit is
completed, sending an appropriate signal to control 18.
If desired, control 18 can shut off the feed through
atomizer 14 when the vacuum valve is closed.

The system is also provided with a
recirculation line 80, which recirculates at least a
portion of the contents traveling through conduit 26 back
into air-fuel ratio control 22. Recirculation line 80 is
connected to a recirculation valve 82. Valve 82
preferably switches from fully closed to fully open, with
no intermediate positions. Valve 82 is capable of
monitoring the air-fuel intake into the system and to be
opened and closed via line 86. Valve 82 is also coupled
to recirculation feed line 84, which is adapted to feed
the recirculated contents of conduit 26 into air-fuel
ratio control 22.

In operation, the system performs as follows.
Control 18 monitors system conditions through monitors
36, 38, 40, 42 and 44. When conditions are appropriate,
control 18 sends a signal via line 47 to feed valve
control 46 to open feed valve 16. Catalytic feed
solution flows from reservoir 10, through line 12 and
feed valve 16, to atomizer 14. Preferably, there is no
additional pumping of the solution into atomizer 14.
Atomizer 14 injects a spray or mist of the catalytic feed
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solution into air intake line 20. Preferably, atomizer
injects about 0.001 to about 3.5 milliliters.per second
of catalytic feed into line 20, when feed is to be
introduced. A feed rate of about 0.003 ml/second is
preferred. Feed preferably is introduced for 2 to 10
seconds per minute during engine warm-up until the engine
reaches its normal operating temperature. It has been
found that a total feed of about 100 to 500 milliliters
per 60,000 miles of driving is preferred, with about 300
ml/60,000 miles particularly preferred.

The catalytic feed is then transported along
air intake 20 into and through combustion chamber 24. It
is believed that the feed is carried in the form of small
liquid droplets by the gas in air intake line 20 to
combustion chamber 24. It is believed that in chamber
24, the temperature is sufficient to alter the metal
compound to a metal, so that, for example, substantially
all of the H,PtCl(.6H,0 is altered to Pt. It is preferred
that substantially none of the metal catalyst be consumed
in combustion chamber 24, so that substantially all the
metal catalyst can be available for deposition and
reaction in vessel 28. The catalyst feed exits
combustion chamber 24 through conduit 26 and is carried
into vessel 28.

In vessel 28, the metal catalyst is deposited
on a surface such as the vessel walls, vessel trays or
packing material present in the vessel. While not
wishing to be bound by theory, it is believed that the
metal catalyst is chemisorbed on the surface, and is
highly dispersed so that a large amount of precious metal
surface available for reaction is obtained. It is
believed that significantly more metal catalyst atoms are
available for reaction in the system of the invention
than in conventional catalytic converters.

Once the catalyst is chemisorbed on a surface
in vessel 28, it is believed that a conventional three-
way catalysis of emissions occurs. That is, unburned
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hydrocarbons are oxidized, CO is oxidized, and NOx is
reduced to H0, CO; and N,. Among unburned hydrocarbons
it is believed that olefinic, other unsaturated, and
cyclic hydrocarbons are oxidized preferentially, with &
saturated hydrocarbons, and methane in particular,
oxidized less preferentially. It is believed that
unburned hydrocarbons are generally oxidized
preferentially with respect to CO present in the
emissions. After oxidation and reduction are carried
out, the H;0, CO, and N, products are desorbed, and the
site is available for further reaction. The catalyst
present in vessel 28 should be periodically replenished
by injection of additional catalytic feed solution into
the system. '
It is believed that three-way catalysis occurs
substantially throughout vessel 28 from inlet 48 to
outlet 50. However, it has been found that a
proportionally greater amount of reduction takes place
nearest to inlet 48 of vessel 28, while a proportionally
greater amount of oxidation takes place nearest to outlet
50 of vessel 28.
Secondary air inlet 30 provides excess air to
vessel 28 to aid in the oxidation reactions, particularly
in carbon monoxide oxidation to CO,. Preferably, air
inlet 30 is positioned approximately halfway between
inlet 48 and outlet 50 of vessel 28. It is preferred
that secondary air inlet 30 provide approximately 3
percent of the volumetric flow rate downstream of air
inlet 30 in vessel 28.
As the emissions pass through outlet 50 of
vessel 28, they are transported through oxidation
catalytic structure 34. Oxidation structure 34
preferably contains Fe or Cu and serves to increase the
oxidation efficiency of the system by oxidizing CO and
unburned hydrocarbons which pass through vessel 28
unreacted. The emissions, now largely free of CO, NOx
and unburned hydrocarbons, pass out exhaust line 32, such
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as to the atmosphere.

Recirculation valve 82 preferably is in the
closed position during engine idle and when the engine is
running with the carburetor fully open. In the
intermediate operating ranges, where the carburetor is
partially open, line 86 will open valve 82 to permit
contents of conduit 26 to be recirculated through lines
80 and 84 into air-fuel control 22. Such a recirculation
system is particularly preferred if the engine runs in a
lean regime. 1In lean regimes, the pollutants contained
in conduit 26 will contain relatively large amounts of
NOx. The ratio of NOx:CO in lean regimes can approach
1.0. It has been found that NOx conversion in the
present system is preferably carried out where the NOx:CO
ratio is about 0.01 to 0.10. Thus, recirculation of at
least a portion of the contents of conduit 26 is
preferable to decrease the NOx:CO ratio for the
pollutants emitted from combustion chamber 24 and improve
NOx conversion.

When a sufficient amount of metal catalyst has
been provided to vessel 28, control 18 closes feed valve
16 to prevent further introduction of feed into air
intake line 20. It has been found that entry of
catalytic feed into air intake line 20 is most preferred
when the engine is operating at low rpm, such as about
600 to 2800 rpm. It is particularly preferred to
introduce the feed into the system during engine warm-up,
that is, before the engine reaches its normal operating
temperature.

Referring to Figure 2, there is shown an
alternate catalyst system of the present invention. The
system contains many of the same elements as the system
of Figure 1, with like-numbered elements representing

- like components of the systems. The system of Figure 2

does not include a secondary air source or oxidation
catalyst structure downstream of vessel 28, unlike the
system of Figure 1.
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Additionally, the catalytic feed from line 12
in Figure 2 is branched into two feed lines 60, 62. Feed
line 60 is a precombustion feed line, which introduces
catalytic feed to the combustion system upstream of
combustion chamber 24 in air take line 20. Feed line 62
is a postcombustion feed line, which introduces catalytic
feed to the combustion system downstream of combustion
chamber 24 into conduit 26. Introduction of feed through
each of precombustion line 60 and postcombustion line 62
can be by an atomizer, as described with reference to
Figure 1.

Each of feed lines 60, 62 are provided with a
feed valve 64, 66, respectively. Feed valve 64 contains
a valve control 72 connected via line 68 to control 18.
Feed valve 66 contains a valve control 74 connected via
line 70 to control 18. Additionally, segment 76 of line
68 connects valve control 72 and valve control 74.

The system depicted in Figure 2 operates in a
similar manner as the system of Figure 1. Catalytic feed
is introduced into the combustion system through either
or both of feed lines 60, 62 from reservoir 10. The
combustion system includes the combustion chamber, and
the associated inlet and outlet conduits. The proportion
of feed from each line can be varied and controlled by
valves 64, 66 and controller 18. The metal catalyst is
transported to vessel 28, where it is deposited on a
surface and aids in conversion of CO, unburned
hydrocarbons, and NOx to CO,, H,0 and N,. The products
are then carried out the system through exhaust line 32.

Referring to Figure 3, there is shown another
catalytic system of the invention. The catalytic system
of Figure 3 is identical to the system of Figure 2,
except that an oxidation catalyst structure 34 has been
positioned at the outlet 50 of vessel 28. Like numbered
elements of Figures 2 and 3 represent like components.
Oxidation catalyst structure 34 preferably contains iron
Oor copper, and serves to increase the oxidation

L}
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efficiency of the system by converting unreacted CO and
unburned hydrocarbons exiting vessel 28. The system of
Figure 3 operates in substantially the same manner as
that of Figure 2, with additional CO and unburned

5 hydrocarbons oxidized by catalyst 34.
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WHAT IS CLATIMED IS:

1. A catalyst system comprising a metal r
catalyst in a liquid catalyst solution, means for adding
metal catalyst from the solution to a combustion system,
and a catalyst collector and reaction vessel for
collecting the metal catalyst.

2. A system according to claim 1 wherein the
means for adding metal catalyst is selected from the
group consisting of an atomizer, a pump, a nozzle, and an
air stream.

3. A system according to claim 1 wherein the
collector and reaction vessel contains a material capable
of retaining the metal catalyst.

4, A system according to claim 3 wherein the
material is selected from the group consisting of iron,
steel and iron compounds.

5. A system according to claim 4 wherein the
material is low carbon steel.

6. A system according to claim 1 wherein the
catalyst collector and reaction vessel is a muffler.

7. A system according to claim 1 wherein the
catalyst collector and reaction vessel is a tailpipe of
an automobile.

™

8. A system according to claim 1 further
comprising a conduit for adding an oxidation enhancer
selected from the group consisting of air and oxygen to
the catalyst collector.

9. A system according to claim 1 further



WO 93/17229 PCT/US93/01662

17

comprising an oxidation catalyst source located adjacent
to an outlet of the catalyst collector.

10. A system according to claim 9 wherein the
oxidation catalyst is selected from the group consisting
of iron and copper.

11. A system according to claim 1 further
comprising a feed valve located between the catalyst
solution source and the means for adding the metal
catalyst to a combustion system.

12. A system according to claim 11 further
comprising a controller for controlling the feed valve.

13. A system according to claim 1 further
comprising a plurality of means for adding metal catalyst
to a combustion system.

14. A system according to claim 13 wherein a
first means for adding metal catalyst is located upstream
of a combustion chamber and a second means for adding
metal catalyst is located downstream of a combustion
chamber.

15. A system according to claim 1 further
comprising a recirculation system for recirculating
material downstream of a combustion chamber to a position
upstream of the combustion chamber.

16. A system according to claim 15 wherein the
recirculating system contains a recirculation valve
connected to an air-fuel control for the combustion
system, wherein the valve is opened and closed in
response to the air-fuel control.

17. A method for converting emissions from a
combustion chamber comprising:
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(a) providing a source of metal catalyst in a
liquid solution;

(b) adding the metal catalyst to a combustion
system;

(c) carrying the metal catalyst to a catalyst
collector;

(d) depositing the metal catalyst on a solid
surface in the catalyst collector; and

(e) converting the emissions from the
combustion chamber by contacting the emissions and the
metal catalyst.

18. A method according to claim 17 further
comprising controlling the amount of metal catalyst to
the combustion system by a controller.

13. A method according to claim 17 further
comprising adding the metal catalyst at a plurality of
locations in the combustion system.

20. A method according to claim 17 further
comprising adding a source of a oxidation enhance
selected from the group consisting of air and oxygen to
the catalyst collector.

21. A method according to claim 17 further
comprising contacting the emissions with a oxidation
catalyst selected from the group consisting of iron and
copper.

22. A method according to claim 19 wherein the
metal catalyst is added at a position upstream of the
combustion chamber and at a position downstream of the
combustion chamber.

23. A method according to claim 17 further
comprising recirculating at least a portion of the

©.

i3
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emissions from the combustion chamber to a position
upstream of the combustion chamber.

24. A method according to claim 23 wherein the
recirculation is controlled in conjunction with an air-
fuel control for the system.
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