
15 NOVEMBER 2005 CATALYST COMPOSITION MID METHOD FOR OXIDIZING MIXTURES This
application is related to U.S. Previsional Patent Application Serial No.
60275,28], filed on Much 2, 2001, entitled "POLY-FUNCTIONAL LIQUID
CATALYST" and US. Provisional 1 atentApplimtion  Serial No 601355,973, filed
on  February 9, 2002, emitled "CATALYSTCOMPOSIFION  AND METHOD FOR
OXIDIZINGMIXTIJRPS"_  The disclosure oRlseserelated  applications me
incorporated herein by this reference. 10 DACKGROUND OF THE INVENTION  1.
Technical Field The present invention generally relates to a composition and
method for  catalyzing oxidation, and more particularly to acatalyst
mixture and method for  conveying a cattalyst  for oxdation  of a fuel. 15
2. Background Art Bubbling or stamping am through a catalytic mixture that
includes platinum,  rhodium and rhenium compound has been used to convey to
platinum, rhodium and  rhenium compounds into a combustion chamber of, for
example, an automobile 20 engine, to reduce pollution from the engine. The
use and operation of catalyst in  oxidation processes are generally known in
the art for increasing the efficiency of the  oxidation process and in
particular cases, reducing pollution. Greater efficiencies and  reduction of
pollution is needed. IS NOV EMBER 2005 WO 02/010632 PCT/US02/06578
Furthermore, dispersed particles in catalyst mixtures have been found to
agglomerate due to heat or complexation with organic additives in the
catalytic  



mixture . There is a need to prevent agglomeration of the dispersed
particles since  agglomerated particles are more difficult to convey out of
the catalytic mixture by a 5 stream of air at lean in part because they am
heavier than non-agglomerated  particles.  Accordingly, there is a need for
a catalyst composition and method for  oxidizing a fuel that prevents
agglomeration of the dispersed particles m the catalyst  mixture, reduces
pollution emissions and increases power generated by fuel oxidation. 10
DISCLOSURE OF THE INVENTION The present invention relates to a method for
oxidizing fuel through the use of  a catalyst mixture which is added to a
flame zone of an oxidation process. The  composition and methods of the
present invention may provide a way to increase the  efficiency of fuel
oxidation, resulting in reduced harmful emissions, greater 15 horsepower and
more stable burning which tends to result in less wear and tear on the
engine. Embodiment of the invention generate a catalyst-containing
environment  within the Flame zone by sparging  gas through a catalyst
mixture and transporting the  resulting gas, which contains catalyst
particles, to the flame zone to affect the  chemistry of the oxidation
process. The catalyst particles may he directly injected into 20 the Race
zone or may be indirectly injected or drawn into the flame zone, such as
doings an air intake to the flame zone. Ionized Sponging gas may improve the
results  even further. 2 15 NOVEMBER 2005 WO 02/070132 PCT/US02/06548
Embodiments of the catalyst mixture include at least one compound having
elements selected from the group consisting of group IA, group IIIA, group
VIA,  group VA, group VI, group VII, group VIII, group IVA, group It, group
IIB and  combinations thereof, and at least one compound having at least one
element selected 



5 from the group consisting of group III, group IIA and Lanthanide group,
such as  Aluminum, Magnesium or Cerium, mixed in a matrix, such as water.
Additionally,  the catalyst mixture may include one or more of a sorbent, an
antifreeze agent, and a  surfactant. It has been found that the pH of me
catalyst mixture is crucial to prevent  agglomeration of the catalyst.
Agglomeration reduces the amount of catalyst particles 10 which may be
carried to she flame zone in an air stream and may cause potions of the
catalyst mixture to fall out of suspension. Tests perform on diesel engines
which use catalyst particles of embodiments  of the invention within their
engine combustion chambers have but found to  generate more power using the
same fuel, experience less vibration and produce fewer 15 harmed emissions
than the same diesel engines urn without the catalyst patches.  Many of the
advantages experienced by the addition of the catalyst particles continue
for a time even after the catalyst particles are no longer being conveyed to
the tame  zone. Embodiments of the invention are applicable to any oxidation
process  including, but not limited to, oxidation processes in the fields of
boilers, furnaces, 20 turbine engines, reciprocating engines, incinerators,
open flames, and any other  process where hydrocarbon fuels are oxidized. 15
NOVEMBER 2005 WO 011070632 PCT/US00/06578 BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1 depicts an example of an apparatus for conveying the catalyst of the
present invention to a combustion chamber, in accordance with embodiments of
the  present invention; 5 FIG. 2 depicts an embodiment of a system having a
catalyst chamber for  producing a gas stream containing catalyst particles,
a catalyst transport and a flame  zone; and 



FIG. 3 depicts a method for oxidizing a fuel. 10 DETAILED DESCRIPTION OF
EMBODIMENTS OF THE INVENTION  The present invention discloses a method and
composition for catalyzing oxidation of a fuel by combining catalyst
particles with a fuel in a flame zone. As  used herein, a flame zone means
and includes an area where oxidation of a fuel occurs  and the area
immediately surrounding that area. For example, for a reciprocating 15
engine, and many other combustion processes, the flame zone is the area
within the  combustion chamber. For an incinerator, furnace or boiler, where
a flame is burning  for extended periods of time rather than in short
bursts, the flame zone is the area  within and directly surrounding the
flame, the chemistry environment of which affects  the oxidation process.
The catalyst particles may be conveyed to the flame zone by 20 sponging a
stream of gas, such as air, through a catalyst mixture so that catalyst
particles may be carried in the gas stream to the flame zone. Embodiments of
the invention may be used in the flame zones of either open  flame or
enclosed flame oxidation applications. An open flame oxidation is one in 4
I$ NOVEMBER 2005 WO 02/20632  which the expansion of gasses is used for
heat, heating, incinerating simper to soften,  mix, bum and/or melt a
substance. Examples of open flame oxidation applications  may include,
without Iimitation,  furnaces and incinerators. An enclosed flame  oxidation
is one in which the expansion of gases is directly used for work such as
moving a piston in an engine. Examples of enelosed flame oxidation
applications  may include, without limitation, turbines and reciprocating
engines. The invention is useful in all oxidation processes. In accordance
with embodiments of the present invention, FIG. 1 depicts a  



front cross-sectional view of catalyst chamber 15 for  sparging a catalyst
mixture 22  10 the catalyst chamber includes a sparging tube operatively
coupled to on air inlet 14 to the catalyst chamber IS. Alternatively, the
sparging  tube could be a hose coupled to  the air inlet 14. "Sparging"  or
"bubbling a gas through a mixture for use in an  oxidation process involves
passing a stream of gas through a mixture such that  dispersed particles in
the mixture may be non- evaporatively or 15 mechanically/physically
fluidized and carried to an oxidation flame zone by a gas  stream.
`Fluidized bed" is a term conventionally applied to passing a gas through a
powdered solid such that the originally static powder develops fluid
properties such as  becoming flowable. In the context of the present
invention, sparging a gas through  the liquid catalyst mixture 22
non-eveporatively or mechanicalhy removes otherwise 20 non-volatile solid
catalyst particles from the liquid mixture 22, such that the particles
become flowable or fluidized when placed into the gas stream above the
liquid  catalyst mixture 22, through the popping of the bubbles; 24 at the
surface of the liquid 15 NOVEMBER 2005  WO 02/070632 PCT/US02/06518 catalyst
mixture 22 In this fluidized state, the catalyst panicles may be carried to
the flame zone by the gas stream. In operation, air passes through the
sparging tube 12 into the catalyst chamber  15 in the direction of arrow 26
resulting in bubbles 24 passing through the catalyst 5 mixture 22. An outlet
17 to the catalyst chamber 15 operatively couples to transfer  lines 23.
Although two transfer lines 23 are shown in the embodiment of MG. 1, only
one or more than two may be used. The sparging gas may be moved in the
direction  of the arrow 26 by applying a vacuum to an opening 21 of a
transfer line 23.  Alternatively the sparging gas may be moved in the
direction of the arrow 26 by 10 supplying a sparging gas under a positive
pressure to the inlet I I of the sparging tube  



12. A bubble rate based on counting the number of bubbles per second
released from  the sparging tube 12 may be controlled by adjusting either
the vacuum applied to the  opening 21 of the transfer lines 23, by adjusting
the pressure supplied at the sparging  tube 12, or by incorporating an
appropriate restriction or restrictor in the transfer line 15 23. In
embodiments of the present invention, the bubble rate may be from about 2 to
about 15 bubbles per second. I he stabbing gas may be air, nitrogen, argon,
helium  and combinations thereof, although other gases may be used.
Alternatively, the sparging gas may be a positively or negatively ionized
gas,  for example, selected from air, nitrogen, argon, helium and
combinations thereof The  20 ionized sparging gas may be formed by exposing
the sparging gas to ions from an ionizer, such as that available from All
Electronics Corp., Van Nuys CA 91408. The  ionized sparging gas may be
passed through the sparging tube 12 and catalyst mixture  22 to the transfer
lines 23 as described above. Though not intending to be bound by 6 15
NOVEMBER 2005  WO 02/070622 PCT/US02/06578 this theory, it is believed that
the charged ions in the sparging gas may attract charged ions in the
catalyst mixture 22 based on the natural attraction of positively and
negatively charged ions. The natural attraction of the charged sparging gas
and the  charged catalyst ions may increase the efficiency of removal of the
catalyst ions from 5 the catalyst mixture 22 by the ionized sparging gas,
compared to the removal of the  catalyst ions by the electrically neutral
sparging gas. By sparging with ionized  sparging gas, the efficiency of
removal of the catalyst ions from the catalyst mixture  22 may be increased
Use of amused sparging gas may also result in a reduction in the  amount of
the catalyst used by the process and required for the advantages of the 10
invention. Use of ionized sparging gas may result in an increase in the
amount of  



catalyst ions conveyed to a flame zone of an oxidation process compared to
the  amount of catalyst ions removed from the catalyst mixture 22 with an
electrically  neutral sparging gas. For embodiments of the present
invention, the catalyst mixture used in the  15 sparging process includes at
least one catalyst compound which contains at least one  group III or group
BA element in a matrix such as water. The water is preferably pure  with as
few contaminants as possible. Distilled water may be used. In one specific
embodiment of the invention, the catalyst mixture includes a catalyst
compound  containing Aluminum. A non-limiting example of an Aluminum
catalyst compound 20 which may be used is AIOr. In another specific
embodiment of the invention, the  catalyst mixture includes a catalyst
compound containing Magnesium. A non-limiting  example of a Magnesium
catalyst compound which may be used is MgCl2 7 15 NON EMBER 2005 WO
021070632 PCT/US02/06578 Additionally, the catalyst mixture may include one
or more other catalyst  compounds which contain one or more elements from
group IA, group IIIA, group  VIA, group VA, group VI, group VII, group VIII,
group IVA, group IB, group JIB and  combinations thereof. For example, and
without limitation, the catalyst compound 5 may be a platinum (Pt) compound,
a rhodium (Rh) compound, a rhenium (Re)  compound, a lithium But compound, a
potassium (K) compound, a sodium (Na)  compound, an iron (Fe) compound, a
molybdenum (Mo) compound, a manganese  (Mn) compound, a copper (Cu)
compound, a gold (An) compound or a silver (Ag)  compound. In embodiments
including Platinum, the Platinum compound maybe a 10 water soluble form of
Platinum such as chloroplatinic  acid  (H2PtCI6.6H20). In  embodiments
including Rhodium, the Rhodium compound may be a water soluble  



had of Rh such as rhodium chloride (RhCh). In embodiments including Rhenium,
the Rhenium compound may be a water soluble form of Rhenium such as
perrhenic  acid (HReOJ. Alternatively, the Rhenium compound may be selected
from the group 15 including metaperrbenates, Rhenium carbonyl halides, and
salts of HReO4 . In  embodiments including Iron, the Iron compound may be
ferrocene.  In specific embodiments of the invention, a catalyst mixture
including  Aluminum as the group III element and Platinum, Rhodium and
Rhenium as group  VIII elements is used. With these catalysts in the
mixture, a concentration of 20 Platinum, as H2PtCl6 H2O in the catalyst
mixture, may be at least about 0.6 mg/ml, a  concentration of Rhodium, as
RhClt in the catalyst mixture, may be at least about 0.07  mg/ml, a
concentration of Rhenium, as HReO4 (perrhenic acid) in the catalyst
mixture, may be at least about 0.1 mg/ml, a concentration of Aluminum, as
AICI, in 8 15 NOVEMBER 2005 WO 02/070652 PCT/US02/06570 the catalyst mixture
, may be at least about 0.07 mg/ml. In another specific  embodiment,
Magnesium as a group llB element is substituted for Aluminum in the
catalyst mixture, and a concentration of Magnesium, as MgCl, in the catalyst
mixture,  may be at least about 007 mg/ml. It is contemplated that in
certain embodiments of 5 the invention, only a portion of the Aluminum is
replaced by Magnesium so that the  catalyst mixture includes both Aluminum
and Magnesium. The specific proportions of each of the various catalyst
components are related  to how well the catalyst particles will work in
achieving the various advantages of the  invention. Ina specific embodiment
of the invention, the ratio of Platinum to 10 Rhodium is about 8 6 to 1, the
ratio of platinum to Rhenium is about 6 to I and the  ratio of Platinum to
Aluminum is about 86 to I. In an embodiment where  



Magnesium is substituted for Aluminum, the ratio of Platinum to Magnesium is
about  8,6 to 1. Nevertheless, it is believed that the ratios of each ofthe
other catalyst  components to Platinum may be much higher and lower than is
used in this specific 15 embodiment. For example, it is believed that the
ratios of Platinum to Rhenium and  Platinum to Aluminum or Magnesium may
each individually range from between 30  to I and I to I, and more
specifically from between 15 to I and 2 to 1, and that ratios  of Platinum
to Rhodium may range from between 30 to 1 and 4 to 1, and more  specifically
between 15 to I and 4 to I. The actual maximum and minimum workable  20
ranges have not been researched fully. It should also be understood that in
embodiments of the invention, the use of  only Platinum and one other
component (i.e. Rhodium, Rhenium or Magnesium or  Aluminum), will similarly
provide some benefit to the oxidation process. Even 9 15 NONEMBER 2005 WO
02/090612 PCT/US02/06578 operating the catalyst system without Platinum
shows some improvement over  oxidation processes without a catalyst. It has
been theorized that the group III element described as part of a  compound
within the catalyst mixture above, particularly Aluminum, may be acting as
5 a sorbent for the catalyst mixture. An appropriate sorbent in the catalyst
mixture may cause a catalyst component to be adsorbed or absorbed to the
sorbent. This may assist  in transferring the catalyst to the sparging gas
stream through preventing the catalyst  from bonding with other elements.
This may also assist in reducing agglomeration of  catalyst components. Both
reduction of agglomeration and prevention of catalyst 10 components bonding
with each other is desirable because more catalyst particles  would reach
the panic zone and thereby increase the catalyst effectiveness.  



Alternatively, or additionally, it has been theorized that the group III
element, for  example Aluminum, or group IIA element, for example Magnesium,
acts as an  accelerant within the flame zone to enable the fuel to oxidize
at a lower temperature 15 and for a longer time. As part of this second
theory, it is believed that placing a group  III or group that element into
the flame zone, particularly Aluminum, creates a more  electrically
conductive environment within the flame zone, enabling oxidation to  occur
more quickly. With faster oxidation of me fuel, more of the fuel burns
resulting  in fewer emissions, more power output and lower bum temperature.
If serving this 20 function. the group III or group IIA element would be
acting as an accelerant for the  oxidation process. Whether the group 111 or
group IIA element, and particularly  Aluminum or Magnesium, added to the
catalyst mixture functions as a sorbent, an  accelerant, or serves some
other function, it is clear from test results that inclusion of 10 15
NOVEMBER 2005 WO 02/070632  the group III or group IIA element in the
catalyst mixture provides a significant  advantage to the oxidation process
Optionally, embodiments of the catalyst mixture, such a the analyst mixture
22 shown in the catalyst chamber 15 of FIG, 1, may include other components
such as  5 one or more sorbents, one or more propitiate: agents, one or more
fill adjusters/buffers  and one or more surfactants as described more folly
below. Examples of southern compounds which may be added to the catalyst
mixture  in embodiments of the present invention include sadism compounds
containing a  sharp III clement such as Aluminum (All or a Lanthanide group
clement such as 10 Cerium (Ce). It is believed that in particular
embodiments of the invention, a  Lanthanide group element, such tar Cerium,
may be added in fire catalyst mixture in  



place of the group III element. One particular example of such a catalyst
mixture may  include, without limitation, a catalyst mixture comprising at
least platinum, Rhudium The group III or Lanthanide sorbent maybe added  15
to the catalyst mixture as a precursor material such as, without limitation,
AICI,  A" Or), CeCl, or Ce(NO,), which forms sorbent particles when the
sorbent  precursor material posts with water in the catalyst mixture The
sorbent procursor  materials such as AICI, A1(NO)3, CeC1, or Ce(NO3)3 are
particularly useful because  they tend to Form finely divided and easily
dispersed cartoon materials in the catalyst 20 mixture. Sorbent materials
for example, may include alumina (AI,Oi which is  formed when AICI, or
A1(NO3)3 reacts with water. Southern materials may also  include ceria (COO,
or Ce,O,) which is formed when CeCh or Ce(NO3)3 reacts with  water calms the
catalyst mixture contains a arrestor material, me catalyst compound I I 15
NOVEMBER 2005 WO 02M70632 PCT/US02/06578 maybe adsorbed or absorbed on the
sorbent material as described above. In a  particular embodiment of the
invention, the sorbent may comprise both alumina and  cerm. Examples of
antifreeze agents which may be added to the catalyst mixture in  5
embodiments of the invention may include antifreeze agents containing an
alcohol such as ethylene glycol, propylene glycol, methanol, ethanol,
fraternal, hutanol,  gentanol,hexanol, isopropy  alcohol, isobutyl alcohol
and combinations thereof.  Examples of surfaotants  which may be added to
the catalyst mixture in embodiments of the invention may include ethylene
glycol, other glycols, silicone oil,  10 detergents and combinations
thereof. Surfactants reduce foaming of the catalyst  mixture in the catalyst
chamber, caused when the bubbles break the surface of the  



catalyst mixture. This allows the catalyst particles to more easily be
transferred to the  atmosphere above the surface of the catalyst mixture and
be carried away by the gas 15 stream The pH of the catalyst mixture
composition of embodiments of the invention,  including the catalyst
compound(s), any sorbent, antifreeze agent and/or surfactant,  should be
such that agglomeration of particles is substantially avoided. Agglomerated
panicles are undesirable because agglomerated particles are more difficult
to convey  out of the catalytic mixture by the stream of air, at least in
part because they are 20 heavier than non-agglomerated particles. It has
been found that for the compositions  of the catalyst mixtures of
embodiments of the invention, a pH of less than about 4.0  is desirable for
its efficacy in preventing formation of agglomerated panicles. Above  apH
of about 4.0, the catalyst components were. shown to agglomerate within the
12 15 NOVEMBER 2005 WO 02/070632 catalyst chamber. In a specific embodiment
of the invention, a pH in a range of about  1,4 to about 3.0 is used. In a
more specific embodiment of the invention, a pH of  between about 1.6 to
about 2,2 is used. The of of the catalyst mixture may or  adjusted by adding
appropriate amounts of an acid and/orbase. ~ The pH of the: 5 catalyst
mixture may also be adjusted by using the appropriate buffer such as tris
(hydroxymethyl) and citric acid monohydrate buffers, Examples of  order
compounds known to he useful in discouraging agglomeration am lithium
chloride (had), region chloride (NzC1), and HC1 FIG 7 depicts a catalyst
delivery system 40 far pachyderms catalyst particles  10 to u flame zone 19
Of an Oxidation persons. The flame zone 19 may be an enclosed  theme zone or
an open form ends, The catalyst particles sparked from the catalyst  mixture
within the catalyst chamber 15 am transported to bad flame zone 19 by a  



catalyst mordent 21, The catalyst 21 may be as simple as a tube coupled to
an air intake W (he flame zone 19, or may include one or mom of the
following to 15 direct regulate, monitor and control flow of the catalyst
particles to the flame zone  pumps, injectors, restrictors, orifices
controllers, regulators and other  components, The catalyst particles are
transported from the catalyst chamber 15 to the name  done 19 by the
sparging gas stream through the transport line 27. Alternatively, the 20
catalyst mixture Or catalyst particles may be directly injected into line 27
and swept by  the sparging gas to the flame zone 19. Alternatively, a
Combustion air rout tried gas  fired brats) 27 may be operatively attached
to the transfer line 23 to sweep me J3 IS NOVEMBER 2005 WO 02/020432
PCT/US02/06578 sparging gas or a directly injected catalyst mixture into the
flame zone 19. The  combustion air may be provided, for example, by forced
air induction. In a particular embodiment for use of the invention in an
oxidation process for  an open flame application for a furnace, wherein a
flame is placed under a heat 5 exchanger to transfer hest from the from to a
heat storage device such as a boiler, the  catalyst particles are delivered
to the flame zone 19 and are mixed with the  combustion air to affect the
chemical environment of the flame zone for oxidizing  fuel. In another
particular embodiment for use of the invention in an oxidation  process for
an open flame application for an incinerator, wherein oxidizable waste is 10
burned, the catalyst particles are delivered] to the flame zone 19 of the
incinerator to  affect the chemical environment within the flame zone.
Similar explanations may be used for embodiments of the invention involving
Dame zones 19, for example and without limitation, of an internal combustion
engine  



such as, for example, a rotary engine, a gasoline engine, a diesel engine, a
turbine 15 engine, natural gas and other alternative fuel engines, or other
applications such as a  furnace, an incinerator, a boilers and other open
flame applications using any fuel. It  has been determined that sparging the
catalyst particles out of the catalyst mixture of  embodiments of the
present invention into the flame cone 19 or direct injection of the
catalyst mixture into the flame zone 19 decreases air pollution typically
associated 20 with oxidation processes in the form of reduced carbon
monoxide, reduced carbon  particulates, and NO,, where x equals I or 2. Be
invention is also believed to reduce  Sulfur Oxide emissions, such as SO,
where x equals 2 or 3. Additional catalysts, such  as ferrocene, may be
added and are known to specifically reduce SOx emissions. 14 15 NOVEMBER
2005   Nonlimiting  examples of the Feel with which the catalyst mixtures of
embodiments of  the invention may be used are number 2 fuel oil, fuel oils
refined from crude oil,  diesel fuel, gasoline, compressed or liquified
natural gas, gasohol, any hydrocarbon  having one or more carbon atoms such
as methane, ethane, propane, butane, 5 isobutaue , toluene, xytene, octane,
benzene, mixtures of alcohols having methanol,  ethanol, propanal, butanol,
isopropanol, isobutanol, pentanol, hexana!, haptanol,  octanol, vegetable
oil such as cum oil, mineral oil, coal, coal gas, asphalt vapor,  oxidizable
vapors from chemical processes, wood, paper and combinations thereof. FIG. 3
depicts a method 30 for oxidizing a fuel. The fuel is oxidized by  10
providing a feel to be oxidized, and a catalyst mixture of the invention
(step 32),  mixing catalyst particles with combustion air (step 34), mixing
the catalyst- containing air with the fuel (step 36) and oxidizing the fuel
(step 39) As discussed  previously, the catalyst may be transported from the
catalyst mixture to the flame zone  



(step 34) by a sparging gas stream to a combustion At intake to the flame
zone, may 15 be directly injected into the combustion air intake to the
flame zone, or may be  directly injected into the flame zone. The fuel maybe
transported m the flame zone  by any method known and used in the art
including, without limitation, direct  injection. The various catalyst
panicles may alternatively be placed into the  combustion air separately by
separate sponging processes or injection. 20 Catalysts for mixing with fuel
in a fuel tank, also called fuel additives, have a  tendency to settle out
of the fined over time and collect on the bottom of me fuel tank.
Additionally, when catalysts are mixed with the fuel prior to being mixed
with the  combustion air, the catalyst particles attach to the fuel. For
liquid fuels, even after the 15 is NOVEMBER 2005  fuel is vaporized (also
conventionally called "atomized'), the coal shields most if run  all of the
catalyst particles from catalyzing the combustion air if me liquid fuel and
catalyst sub pre-mixed , The catalyst mixtures of the present invention we
not to he  confused within addifivis. By mixing the fluidized catalyst
particles with the 5 combustion air before the fuel is added, the catalyst
incomes we able to catalyze the  combustion air for the oxidation process.
By catalyzing the combustion air prior to  mixing it wish fuel, the
catalysts me counting and thus mom active than when pm- mixed with liquid W,
Accordingly, the catalysts further accelerate the separating of  oxygen in
the combustion air. The catalyst-containing combustion air within the 10
environment Of the Home Zone is miscount, catalyzed before combustion which
substances the oxidation of the fuel more fully than when due catalyst is
merely mixed  with the  feel in liquid form met for Oxidation, they also
catalyze the fuel, Catalyst round directly into liquid Fort  



has very little. if nay, the opportunity to catalyze the flame zone
environment prior to 15 oxidation Of the fuel. As explained previously, it
is believed that mixing a group III or group IIA  element, personally
Aluminum or Magensium, with me combustion air prior to  mixing the
combustion air with the fuel comes; a mom conductive environment for
oxidation enables the Oxidation of the fuel to occur more quickly because
electrons  associated with the oxidatiom process can travel more quickly.
However, actual bum  time may be increased due to the feel Oxidizing mom
completely in many oxidation  consensus, such as, for example, a diesel
reciprocating engine, some of the fuel is not 16 15 NOVEMBER 2005
w002/010632 PCT/US02/06573 completely oxidized in the combustion chamber.
This results in greater harmful  emissions from the diesel engine. By
accelerating the oxidation processor extending  its duration, more of the
fuel is burned and harmful emissions are reduced. Footnote 1 5 Referring to
FIG. 3, a gasoline fuel may be oxidized in accordance with the  method and
composition disclosed herein. The current Example relates to a gasoline
fuel engine having a fuel consumption rate of 5  gallons per hour operating
for at least  400 hours, thereby consuming approximately two thousand
(2,000) gallons (6056  kilograms) of fuel. A typical car consumes
approximately 5 gallons/hour. The engine 10 is provided with a catalyst
delivery system as shown in FIG. 1. The specific catalyst mixture for a fuel
rate of 5 gal/hour for this Example is as follows: To one (I) liter of water
was added: 2.4 g (2.4 milligrams/mlllihter, mg/mp H,PtCIc.6H1O
(chloroplatinic acid)  04 g (0.4 mg/m) HReO4 (perthenie acid) 



15 0.28 g (028 mg/m1) RhCl00,29 g (0.28 mg/ml) AICI,. The catalyst chamber
15 of the delivery system is charged with thirty six (36) ml of  this
catalyst mixture, and with enough ofa base liquid comprising equal parts
ethylene  glycol and water and 5400 parts per million (ppm) by weight LiCl
(collectively 20 "combined catalyst mixane"), for a total of 650 ml of
combined catalyst mixture in  the catalyst chamber. The pH of the combined
catalyst mature was adjusted to a  range between l.6 and 2.4 by dropwise
addition ofa dilute solution of hydrochloric  acid in water. 17 IS NOVEMBER
2005 WO 02/070632 PCT/US02/06578 Al a fuel consumption rate of approximately
5 gallons/how, 36071 of catalyst  mixture in 650 ml of combined catalyst
mixture maybe sparged for a period of at  least 400 his at a bubble rate of
between about 4-6 bubbles per second and still be  effective. The sparged
air of the present Example which contains catalyst particles is 5 placed
into the air intake of the combustion chamber of the gasoline engine. The
concentration of catalyst mixture in the combined catalyst mixture may be
adjusted for engines having higher fuel consumption rates so that the
combined  catalyst mixture of 650 ml includes approximately 36 ml of
catalyst mixture for each  5 gal/hour of fuel consumption. Accordingly, the
catalyst mixture may be produced, 10 sold and distributed separately from
the base liquid, and added to the base liquid in  the catalyst chamber as
needed by an end user such as a car owner Test results  indicate that when
there is more than approximately 160 ml of catalyst mixture in we  combined
catalyst mixture of 650 on, the benefits of adding more catalyst are
reduced.  In cases with engines consuming more than approximately 22.5
gal/hour of fuel, more 15 than one liquid catalyst dispenser may be needed
for full effectiveness. Test results  



also indicate that adding more Aluminum to the catalyst mixture, even
doubling it to  .56 car ml, provides better performance results than with
less Aluminum.  Nevertheless, even in engines using a catalyst mixture with
relatively small amounts  of Aluminum performed better than without any
Aluminum. 20 It has been found that engines using a combined catalyst
mixture as described  above experienced a greater than 50% reduction in NOx,
hydrocarbon and carbon  monoxide emissions While it was not directly tested,
it is also believed that SOx  emissions were reduced due to efficiency
increases. Is 15 NOVEMBER 2006 WO relativist PCT/US02/065114 Charging the
chemistry of the Sure zone environment through the ine  of  catalyst
mixtures of the invention navy affect the chemistry of the interactions and
oxidations of the various fee and catalyst elements, and may ism alter the
oxidizing  temperature of the fuel Studies by other researchers have
indicated that plating a 5 combustion chamber with Platinum reduced harmful
emissions and reduced cyclonic  temperatures of the combustion gone; from
approximately 330 -C to approximately  220 -C Reducedl cyclonic temperatures
of the combustion goes is believed to further  extend the bum time of the
combustion process. Example 2 10 The following specific tests were performed
on a single Caterpillar Model No  34DS Series Diesel Engine using a combined
catalyst mixture comprising 144 in] of a  mixture of water, 2.4 mg/ml
H2PtCi,.6H,O, 4mg/ml HReO,,  28 upload RICE, and  .28 ni AICIn and a liquid
comprising equal parts ethylene glycol and water and  5400 plan by weight
LiCl to bring the total of the combined catalyst mixture to 650 15 ml in the
catalyst chamber. Using the same scanning process described in Example 1,  



the catalyst particles were carried to the rumination chamber. Unless
otherwise  indicator the engine was running under an 85% load. Under the
description provided  in Example 1, 144 ml of catalyst mixture is sufficient
for about 20 gW/liour of Trial  consumption. Under 85% load, the Catepillar
engine ordinarily consumes 20 approximately 23 pullout, Thus, the catalyst
mixture was ran lean for these tests  The tests discussed are standardized
industry tests performed on appropriate calibrated  equipment and will be
clear to those of ordinary skill in the art. 19 15 NOVEMBER 2005 WO
02/070632 PCT/US02/06578  Horsepower  Using a water brake engine
dynomometer, the horsepower (Hp) of the engine was measured without the
addition of catalyst to the combustion chamber and found  to be about 669
Hp. When the catalyst was alleged from the catalyst mixture to the  5
combustion chamber, the horsepower of the engine was found to be 520 Hp.
This reflects a 16.3 % increase in horsepower (Hp) through the use of a
catalyst mixture of  the invention as compared to operating the same engine
under the same conditions  without the addition of catalyst into the engine
combustion chamber. Harmful Emissions  to Using various standard harmful
emissions detectors, it was found that a 79%  reduction in opacity, a 60 %
reduction in carbon monoxide and a 66 ex reduction in  hydrocarbons in the
exhaust from the engine resulted when catalyst was amended door  the
catalyst mixture into the engine combustion chamber as compared to the same
engine operated under the same conditions without sperging  the addition of
catalyst  15 into the engine combustion chamber. It is believed that the use
of a sparged  catalyst mixture results in the catalyst  



particles being attracted to metallic surfaces of the engine and exhaust
causing a  temporary thin catalyst coating to form, for example, on the
inner walls of the  combustion chamber. This may contribute to extending the
benefits of the catalyst 20 beyond the time where the catalyst is being
actively delivered. It is therefore believes  that the delivery of the
catalyst could be cycled on and of fperiodically during engine  operation
with similar benefits, while using lesser amounts of the catalyst
composition 20 15 NOVEMBER 2005 WO 02/090632 PCTiUSJP06YB  Torsional
Vibliggrat An electronic inductive pickup (tachometer sensor) ofa  CSI 2120A
Machine  Analyzer was used to measure torsional vibration.  Table I reflects
the engine's torsional vibration without catalyst being sparged  5 from the
catalyst mixture into the engine, and the torsional vibration of me engine
with catalyst being stabled into the engine. In Table I, "Overall (G-DO)" is
the  difference in degrees between measurements, "WT' is the root mean
square of the  relative average degree of change of all measurements, "Load"
indicates that the  engines were operating at 100% load, "RPM" is
revolutions per minute, and RPS" is 10 revolutions per second. As
demonstrated in Table 1, under the same conditions but  with the use of the
catalyst of the present invention within the combustion chamber,  the
Overall (6-DG) and RMS decreased, and the RPS increased by a hall rotation.
Table 1. Summary of Torsional Vibration Static State 15 20 Without
CatalystWith Catalyst 



Overall (G 0.1099 degrees0.1022 degrees DC) RMS0. 1093 degrees0.1018 degrees
Load100%100% RPM20552115 RPS34253526 Table 2 reflects the change in the an
monaural vibration for the harmonics of the engine's vibration with the
addition of catalyst particles to the  combustion air intake stream. Table
2. Summary of Torsional Vibration Harmonics 21 15 NOVEMBER 2005 WO 0210]W32
10 PCT/US02/06578  Harmonics% o Change 0.50-27 1.50-21 2.00-23 250-5 3,00-27
3.50-24 4 00-24 4.50-6 



500-5 07 With (ass vibration and a faster engine, more of the energy of the
fuel  oxidation is returned to the engine as power rather than as vibration.
Reductions in is the torsion or a dynamic torque of the engine means that
the engine is running  smoother and that there is less strain on the and
bearings and main bearings, resorting  in a longer engine life 22 I5
NOVEMBER Hit WO 021070632  PCTmSU2J106578 Ultra-sonic Energy The ultra-sonic
energy of the engine was measured using an specific  accelerometer ofa  CSI
2120A Machine Analyzer. Table 3 reflects the ultra-sonic energy of the
engine without catalyst being  5 stamped from the catalyst mixture into the
engine, and the ultra-sonic energy of the  engine with catalyst being
sparged into the engine. In Table 3, "RMS" is the root  mean square of the
ultra-sonic wave form, "Load" indicates that the engines were  operating at
100% load, "RPM" is revolutions per minute, "RPS" is revolutions per
second, PK(t) and PK(-) represent, respectively, the positive and negative
peaks of 10 the vibrations in standard units, and "CrestF" is the ratio
between the average and the  peak value. Table 3. Summary of Ultra -sonic
Energy 15 20 Without CatalystWith Catalyst RMS6.647.10 



Load100%100% RPM20732116 RPS34.553526 PK(!)21.4226,33 PK(-)17.3719.28 Total
(PK(+) + PK(-))38.7945.61 Create3.233.7 The ultra-sonic energy of a
reciprocating engine is an indicator of the power  and smootimess of the
engines When the ulna-sonic energy increases, this is an 25 indication that
the fuel combustion is more powerful and more even. More powerful 23
15NOVEMBER200S   WO 02/070632 PCT/US02/06578  rooke an the power impulse is
either stronger or longer. Accordingly, the tests  indicate approximately a
3.3 dB or 8.13 % increase in the ultrasonic energy (when  averaged over
cylinders 1,3,5,a nd 7) of the engine through the use of catalyst within
the combustion air as compared to no catalyst in the combustion air. 5 The
foregoing embodiments and examples set forth herein were presented in  order
to best explain the present invention and its practical application and to
thereby  enable those of ordinary skill in the art to make and use the
invention- However,  thou of ordinary skill in the an will recognize that
the foregoing description and  examples have been presented for the purposes
of illustration and example only The 10 description as set forth is not
intended to be exhaustive or to limit the invention to the  precise farm
disclosed. Many modifications and variations that may be apparent to a
person skilled in the as are intended to be included within the scope of
this invention  as defined by the accompanying claims. 



24 J5 NOVEMBER 2005 Claimed stopped is 1.A method for oxidizing a fuel,
comprising'. providing; a catalyst mixture including or least a
concentration of at least about  0.07 mg/ml of Al as AIIC  3, a
concentration of at least about 0.t mg/m of Re as  penitents acid, a
concentation of at least about 0P7 mg/mI of Rh as Rh",,  and a concentration
of et least about 0.28 mg/ml of Pt as H21rhel 5H,0; ml a potion to the
catalyst mixture with combustion air prior to mixing she  catalyst mixture
with a fuel to be Oxidized. and forestry the fuel 2. The method of claim 1
further comprising adding a liquid to the catalyst  mixture before mixing It
with the combustion air. _. The method o claim 2, wherein the liquid
comprises one or more liquids dom.  the group none sting of ethylene glycol
and water. The method of claim 3 wherein the liquid further comprises
lithium chloride. u 5. The method of claim I further comprising sparging a
gas Trough the catalyst  mixture to generate fluidized catalyst particles to
me Win the combustion Or o. The method of claim 5, further comprising
ionizing the spacing Gas pror to  sparging it through the catalyst mixture
The method of claim. 5, wherein the scanning gas is selected from the group
consisting of eir helium, nitrogen, argon, and combination thereof. 9. The
method of claim wherein the catalyst mixture further comprises one or  more
o. manganese ,in magnesium, molybdenum and cerium 9. The method of claim 1,
wherein oxidizing the fuel comprises oxidizing the Rlsl  in an open flame. 



25 15 NOVEMBER 2005 10, the method of dawn 1, wherein oxising the fuel
comprises oxideory  the fuel  in an enclosed flame. The method of claim 1,
wherein oxidizing the fual comprises oxidizing  gasoline. Tae method of
claim t wherein oxidizing the fuel comprises oxidizing diesel 10 The method
of claim 1, wherein oxldithg the fuel comprises oxidizing a fuel  rotation
from the group consisting of cumber 2 fuel oil, dim' oil; refined from
crude oil, diesel fuel, gasoline. compressed or liquified nature: gas,
gasehol,  any hydrocarbon having one or more carbon atoms such as methane,
ethane,  prepare bonne, isobaLane.  toluene,  xvlene, coterie, bematures of
al.ato hating memanol , ethanol, propano l, butanol,  Isopropano,
Isobutanol.  anol  hexem l haptanal . actanol and connotations thereof,
vegetable of  a. an as corn r' miners! oil, coal. coal gas, asphalt vapor,
oxidizable Vision S  'can chemical processes, wood caper and combinations
thereat. 14. The method of Balm 1. wherein oxidizing the fuel comprises
oxidTZing  within a  combustion chamber of a reciprocating engine selected
from the group  consisting or a gasoline fuel engln e and a diesel fuel
engine. _ method of Galin 1, cautious the. fuel comprises s oxidizing the
fret  within corium on chamber of a reciprocating engine, wherein the fuel
is  selected from the group consisting of number 2 La l re fuel ell refined
from  crude nil, diesel duel, gasollne, compressed or liquidifed natural
ties, gasehol  any hydrocarbon ,cuing one or more oarban  atoms such as
methane ethane,  propane, opens, obuYre , to xylens , octane. benzone,
unusual of  



almhois  having methanol, ethanol properm l, bulanol , Isopmpano  iscbulano
penano l. hexanol.  heplanol , octant and combinations thereof. vegetable
oil 2b  such as corn di mineral oil, coat coal gas, asphalt vapor, oxoizeble
vapors  from chemical processes, wood paper and combinations thereof 12 The
method of claim 1 wherein oxidizing the fuel comprises oxidizing within a  5
fame zone of an apparatus seected from the group consisting of a furnace ,6
better and an incinerator. The method of claim 1, wherein oxidizing [he the
further comprises cans no  within an apparatus selected from the group
consisting of an incinerator, a  vent gas burner, a furnace, a steam turbine
and combinations thereof. The method of claim t, wherein providing the
catalyst mixture has comprises providing the catalyst manure having a pH of
toed than occur 4.C. 15 19 The method of claim 18 wherein providing the
catalyst in clubs further comprises providing the meager mixture having a pH
of between about 14  an about 3.0. 20. one method of claim 19 wherein
providing he catalyst mixture N or comprises providing the catalyst mound
raving in pH 0' between about 1.6  and about 23. The method of claim 1,
wherein tiro catalyst in spite author comprises a The method of claim 2,
wherein the liquid further comprises a surfectant. 2. The method of claim 1,
wherein mixing a portion of the catalyst with the  combustion air comprises
transporting the catalyst insurers to a combustion 30 air Intake to the
flame acre and, mixing the catalyst with the combustion air  within the air
intake. 



27  24_ The method of claim 1, wherein a ratio of of to Rhin the mixture is
between  about 15 to 1 and about 4 to 1, a ratio of Pao Re in the mixture is
between  about 15 to I and about 2 to 1, and a ratio of Pi to lY  in Ina
mixture is between  ,bait 15 to 1 and about 2 to 1. 5. The method of claim
21 wherein Are ratio or PI to run in the mom, Is-Dart  E.5 to 1, the ratio
or It to Re in the mixture's about 6 to t and the ratio of Pt  to AI i n the
mixture is about 8.6 to 1 . 10 25. A method for oxidizing a fuel common pro.
providing a catalyst mixture including at least a concentration of at least
about  0.07 mg/ml   of Mg as MgCl  a concertration of at vast about 0 f ml
of Re  as perrhenio  acid, a concentration of at least about 0.07 mg/ml of
Rh as Rh CI "  any a comment dean of at 1, act about 026 mglml  of It as
rnPfCl&6H;O  1 5 mixing a portion of the catalyst mixture with combustion
air prior to mixing the  catalyst mixture with a Jul fto be oxidized, and
oxidizing  the fuel. 27 Thus method or claim 26, further comprising adding a
liquid to the catalyst  20 mixture before mixing it with the combustion. air
The method of claim 27, wherein the Iiquid comprises one or more liquid from
the group consisting of ethylene glyced and water. 2a The method of claim 28
wherein the liquid further comprises lilthium chloride 20 The method of
claim 26 further comprising sparging a gas through the  catalyst mixture to
generate fluidized catalyst particles to into With the  combustion air. 30 



The method or claim 20, further comprising ionizing the sparging a gas prior
to  sparging it through the catalyst mixture . 28 15 NOVEMBER 2005 The
method of claim 30, wherein the sparging gas is selected from, the group
consisting air, helium nitrogen, argon, one combinations thereof The method
of claim 26. wherein the catalyst mixture further comprises one or  This of
manganese, iron, magnesium, molybdenum and cerium 34. The method of claim
26, wherein oxidising the fuel comprises oxidizing l ha fuel  in an open
name. The method at claim 26, wherein oxidizing the fuel comprises oxidizing
the fuel  in an enclosed flame. 36. The method of claim 26, wherein
oxidizing ma col comprises  oxidizing  gasoline. The method of claim 26
wherein oxidizing fire fuel coin photo oxidizing diese;.  fuel. 96. The
method of claim 26, wherein oxiding the fuel comprises oxiding a fuel  20
selected from the group consisting of number 2 fuel oil, fuel oil refined
from crc oil, diesel fuel, gasoline, compressed or liquidfied natural gas,
gaso  any hydrocarbon having one or. more arbo i atoms such as mdR6ne.
ethane.  propane, crops,. Isobutane,, toluene, xylene. octane. beizene. mi,
unit lo  all faving methanol, ethanol. propanol butanol, isopropanol,
isobutanol, 2: pe nol, hexanol, heptanol, octanol and combinations . thereof
vegetable of  suchas coin oil, ill oil , coal, coal gas asphalt vapor.
constable pool  from chemical process valued , paper one combinations
thereof 



39. The method of earth 26, wherein oxidizing the fuel comprises oxidizing
within  30 o combustion chamber of reciprocating engine selected loom tie
gmmc consisting of a gasoline fuel engine and a diesel fuel engine. 29 15
NON EMBER 2005 40. The method of delta 26, wherein oxiding the rue;
comprises oxiding the fuel  within a combustion chamber of a reciprocating
engine, wherein the bet is selected from the group consisting of number 2
fuel all, fuel oil refined from  crude oil, diesel fuel gasoline, compresses
or liquified natural pas, gasohol  any hydrocarbon having one or more carbon
atoms such as methane, oalane,  propane, butane, isobutane, toluene, xylece,
phone, benzene. mixtures of  alcohols having methanol ethanol, praponal,
butanol, tothurr no:, lsobuanal,  pentanol, 'external. heptanol, octanol one
combinations thereof vegetable an  such as -am ol mineral oil, coal, coal
gas, asphalt vapor, oxirisible vapors IC from chemical processes,wood ,
paper and combinations harder The method of claim 26, wherein oxiding the
fuel comprises oxidizing within  a thine zone of an apparatus selected from
the group consisting of e turre-.1  a ,oiler and an incinerator. The method
of maim 26, wherein oxidizing to, fuel further comprises oxiding   within
err apparatus selected from the consisting of an m,nn_ra a burner a furnace,
a steam turbine and combinations thereof. 2c 41. The method of -term. 26,
wherein providing the catalyst mixture further  comprises providing he
catalyst mixture having a pH of lass than about 4 c. u. The method of claim
43. wherein providing the catalyst mature turner  comprises providing the
catalyst mixture having a p4 of oe wean about 1 4  25 and. u, 30. 



The method of claim 44, Wherein pressing the catalyst mount- further
comprises providing the catalyst mixture having a pH of between about 16
and about 2.2. 30 46. The method of claim 26, wherein the catalyst mixture
further tern  Si-:octant 30 15 NOVEMBER 2005 The method of claim 27, wherein
the liquid fat her comprises a sertaeten 48. The method of claim 26, wherein
mixing a portion of the catalyst with P.  co. combustion air comprises
transporting the catalyst particles to a combustion  air intake to the pare
zone and mixing  the catalyst with the combustion a0  within the air Intake.
43. The method of salon 26. wherein a ratio of Pt to Rh in the mixture is
between  about 15 to 1 and about 4 to 1, a ratio of Pt to Re in the mixture
is between IS about` 5 to I and about 2 to 1, and a ratio of Pt to Mg In the
accede Is  between about 15 to 1 and about 2 to 1 The method of claim 46 .
wherein the ratio of Pt to Rh In the mixture Is about  85 to 1, the ratio of
Pt to Re In the mixture, is about a to 1. and the ar d of It  to me in the
unions- Is about 86 to 1 catalyst mixture for use in the generation of
fluidized catalyst particles for  fit_. ondau n, the. catalyst mixture
comprising: a concentration of?:, as ..h. 6flrO or east abotR. 022 mg/mf a
conors, indoor of did as Rh C;, al  _ about 0.07 mg/ml, a concentration of
he, as penhenic acid at least about  1 5 least motml and a concertration of
A:, as Al Cy at laser about 0,07 mg/mL 52. catalyst mixture of maim 51. wh
rchu bra Catalyst mixture tubhar 



sort sus aqueous acid wherein the catalyst mature In aquesous  ph or less
Ltah about 4.0. The catalyst mature of claim o2, wherein the aqueous acid is
avuea5  hydrochloric one 30 54. The Catalyst modem. of claim 51, wherein the
catalyst mature in aqueous ac-,  has a ph of between about 4 and about 3.0.
31 15 NOVEMBER 2005 55- The catalyst mixture of claim 5l, wherein the
catalyst mixture in aqueous ash  Les a rhi of between about 1 2 and about 2.
50. The catalyst mixture of claim 51, further Comprising a liquid comprising
5 substantially equal pal's of ethylene glycol and water. The catalyst
mixture of calm 55, further composing one or more of LiCI, NaCI,  and HCt.
10 n8. catalyst mixture't mixture of claim 51, wherein the catalyst .mixture
fabler.  comprises a surfactant selected from the group consisting of
ethylene glywl,  propylene glycol, methanol, ethanol. propanol butanol,
pentanol hexancl,  soccov hare isocutyl alcohol. chicane oil. and
combinations thereof. Toe catalyst mixture of claim 51, wherein a Lend or Pt
to Rid in the mixture is  b Swam about 15 to 1 and about 4 to 1, a ratio of
Pt to Re in the mixture Is  between about 15 to 1 and about 2 to 1, and a
rate of It to al in the mixture  is  defaced about 15 to ^. and ahom 2 to 1.
20 'o_ The catalyst m@maof claim 5g, wherein the ratio of Pt to 911 1,1 [he
had Lure o  119 6 m 1. the ale of Pt m Rem the mixture is about 6 to ' and
the ratio  of ra is AO in he miataa is about 86 to I 61 . A Cataiysf mixture
for use In the generation of flu dioud catalyst particles of  



fu_ eon, the catalyst mixture eompr!ms a concentration of Pt as  H_PICI,.
6H20 at least about 028 mgCnt, a concentration of Rh, as RhCS at  cast about
007:n;imt a concentration of Re, as per mums acid at least about  ol met/n'
and a w-coNmt them of Mg, as MSgO] at least aboul 0.07 mg/ml. 30 62 -na cata
iysi mlxlu'e or claim 61, wherein the catalyst mixture further  comprises
aqueous acid, wherein the catalyst mixture in aqueous acid has  pH o' less
than about 4s) . 32 6 NOVEMBER 2005 The catalyst mixture of claim 62,
wherein the aqua Ls acitl is aqueens  hydrochloric acid Tne catalyst mixture
of Gam 61 wherein the catalyst mixture In aquems ao  has a pH of between
shout 1 4 and about 3.6. The catalyst mixture of otalm 61 wherein she
catalyst mixture In aeaeous ace  has a pH of between about 1 5 and most 2 'A
66. The catalyst mixture of calm 61 tanner comprising a liquid comprising
substantially equa oshe of ethylene glister and water. The catlysL mixture
of claim 55, Iurthar comprising one or more of JCI. ka t,  end HCI. The
catalyst mixture of claim 61, wherein the catalyst mixture Hotter  comprises
a surfactant selected from the group consisting of ethylene g!ycsl.
oropyene glyW, methanol, ethanol. propanol. butanol, per fnol hereto
sopropy alcohol!, isobutyl alcohol, s scone o,. one combinations thereof.
The catalyst mixturo of claim 61 , whereon a Je of P to Rn In the mixture s
between about 15 to 1 and about 4 to 1, a.atio or Pt to the in He mixt S_ Is



netween about 15 to 1 end about 2 or 1 and e ratio a=t to Mc in me. mixture
is be.wean about l6 is t and about 2 to 1. The catalyst mixture co. clan 69
whereto the and of Pt to. Rh in the mixture is  about B 5 to 1. His ratio of
of to Re in he mbwre is about 9 to I. and the ratio  nr It to Mg in the
mixture is about 6.6 to 1_ 39 Ti. A fuel oxidation system comprising:  a
fame zone for dashing Pat a catalyst chamber haying a ml%Wre of catalyst
particles therein, the motors of  reelect paholes composing: 31 15 NOVEMBER
2005 a, least one compound having at least one element selected from the
crap  consisting of group III group 11A and lanthanide group; and at toast
one compound having at coast one element selected from the group  consisting
of group IA. group I VA. group VI group Vii. group VIII group IB.  group 1.
and combinations thereof I and a catalyst Ihanepon Sent proof to transport
catalyst pa ides from the catalyst  chamber to the name zone. 0 .. .-va
system otaalm 11. wherein the fare zone is that of an open fame -he. system
of Claim 71. wherein toe name zone is that or or telpea d flare.  me system_
of claim-1 wherein the system is urzm9 urea Io oxidize t f'rcl  stevren from
the group consstog of gasoline and diesel fuel. S. The system 07 floin; 71 ,
wherein the system is configured a oxidize I. Fuel  s.lected from the group
consisting of nunber 2fuuel oil, fuel of mimed nom  



coat oil. diesel fuel. gasoline. compassed or to uiged natural gas, geso mi.
any hyJroarbon having one or more carbon a1 each as methane ethane, erne,
butane. ixabutanevtoWane, xylem, o_tane. barcars , mixtures of  alcohols
having methanol ethanol, prop Ina i. bulanol, Isoprcpanal, isobutanol  .acot
careful neplanol. oc.anol and combinauoos h_eof. vasgn able on such as corn
dA. minera' oil, 'set opt gas. acahall vapo-, oxidizable vapors  mm chemical
pro esses, v.00, gaper e c combinations lhusa. LThe system of, lairs 71,
wherein the name Zeno is a combustion chamber as  reciprocating engine
selected from the group consisting or a gasoline morn m and a diesel me
engine. so 77. The system of gaan?I,v.tieron the name zone is a combustion
chamber ofa  reciprocating engine configured to oldie e fuel is selected
from the croup  consisting of number 2 fuel on, fuel oil refined from etude
on, diesel Fuel,  gasollne, compressed or liquified natural gas, gasohol.
any hydrocarbon 34 15NOVEMBER2005 having one or more carbon arams such as
methane, ethane pr q, a no butane  recapturetoluene, xylene, octane,
benzene, modules of alcohols navvy  metrfanol. ethanol, pro not butanot
isopmd hot, Isobutaro:, pernanol,  rexanol, heptanol, octanol and
combinations thereof, vegetable on such as  corn ob, mineral el, coal, coal
gas, asphalt vapor, amenable vapors fern  .namical processe=s, vmod, paper
and combinations brander the system of claim 71, wherein sectors the not
comprises oxidizing Mlhlr. a  caa.cx _ an apparatus selected from the group
consisting of a finance z  boner and an wtneatnr. . nis_v_ of oxidizing met,
the method comprism: 



=paging a gas through a cagy lyst m&mre compdsing at not one Plainum  re and
at least one compound pontalnine at east oale of Aluminum.  V'ao win or
cerium.. rdl catalyst riixmre particles with combustor air prior to eddng
dual; orb  a:o z nc me, in the presence of the catalyst containing
comous.or. di, 8- The method of claim R9, wherein the sparring ease Selected
from the mocp  20 tosstin, of helium, argon, n-mgar, air and combinations
moreea due f cox of i:n 72, further comprising lontzhg the spergjng gas worm
s, re it Inteueh the ca:afysl mixture. Er Tns.mehoc of c.aim.9, further
comprising transporting the panda  name lane under negative prpressure . 83.
-.e mother of elal 79. further comprising Ma establishing a^ataiyst mixture
na _ a pH of less than about 4.0 prior to sparging the gas through the  30
sata yet mixture. 35 15 NOVEMBER 2005 84. The method of claim 7,, further
compiling establishing a catal)sf mixture  paving a pit of between about .4
and about 3.0 prior to sparoing the gas  through the catalyst mixture. 6 85.
A caatalyst mixture for oxidation of a fuel, the catalyst mixture cempnsg
about  2 4 mg/ml of H,P1CIe. 6H,P, about 0 28 mg/ml of RhCl,  about 0.4
mg/ml of HReOft and between abbe! 0.28 ma/ml and about ob6 mg/ml of at least
one of AICh, or 80 Te catalyst mixture of claim 55, whereto a into of t to
Rh in the mixture is  between about f 6 to 1 and about 4 to 1, a ratio of Of
to Re In the mixture is 



of usurp s between about 1 [ to 1 and afout 2 to 1 71 ie catalyst mlxwre of
claim 85. whereof the ratio of Pt to Rh in the mitlureta- abort 8.6 to 1,
the raga of Pl Lo Re in the mixture is ebout 6 to 1. and the filth  of t to
AI or Mo in the mixture is about 5.6 to 1 Tn_ talyst mixture of clam 55,
wherein the total volume of the IZ>  mu_ s about 650 ml. 8inc catalyst mmure
Of full 65. the mixtmz further comphsin5 or more or und HCII, uact, and udI.
C. The catalyst meant, of claim 89. uwrer=_In the mixture comprises
approximately  5400 ppm of LCl by weioht. 30 e1. The catalyst mixture of
claim 78, fudhor comprising hydrochloric add. 92 The catalyst mixture of
dalm 79. wherein the catalyst mtfure has a pH of less  Isar. about 4.0. 36
15NOVEMBER2005 The ca aiyst mixture of claim 79. one rein the catalyst
lnl#ure has a pH of  between court 1 2 and about 4 0. o JA T catalyst
mixture otdaim 79, wherein the catetyst mixture has a pH of  between about t
c and about lf.. 33. The caalyal mixture of claim 79, wherein the catalyst
mixture has a o4 of  __sun about 1.6 and about 2.2 96. The catalyst mlxWrs
of claim 72, wbereic the catalyst mlz ure fWpe.  compdsea a surfactant
selected from the group consisting of ethylene glyco.  propylene glysci,
methanol. etnanel, propanol bulanol, societal becanol  sopropy alcohcl,
isobutyl alcohol, silicone cll, and combinations Oereot. 




