15 NOVEMBER 2005 CATALYST COWPOSI TION M D METHOD FOR OXI DI ZI NG M XTURES Thi s
application is related to U S. Previsional Patent ApplisceVEMBERRIA| No.
60275, 28], filed on Much 2, 2001, entitled "POLY-FUNCTI ONAL LI QUI D

CATALYST" and US. Provisional 1 atentApplintion Serial No 601355,973, filed
on February 9, 2002, emtled "CATALYSTCOVWPOSI FI ON AND METHOD FOR

OXI DI ZI NGM XTI JRPS" _  The di scl osure oRl seserel ated applications ne

i ncorporated herein by this reference. 10 DACKGROUND OF THE | NVENTI ON 1.
Technical Field The present invention generally relates to a corrposi tion and
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2. Background Art Bubbling or stanping amthrough a catalytic mxture t hat
i ncludes platinum rhodi um and rheni um conpound has been used to convey to

pl ati num rhodi um rheni um co ds into tion ch er of, for
exanpl e, an aut orm%FF éppé'ﬁa'lé’ﬂg’ﬁ ’ﬁlé‘ch H%eg‘iﬂ(‘f@mﬁbﬁ)a ng'?fﬁlf?'éﬂ’f"nsteﬁ hgi ne. The
use and operation o oxi dation processes ar enerally known in
the art for H?Q@@%t%‘pmglefiﬁéx@ﬁfhﬂc?%cﬁf‘ tigfed TIHAL Y+ mﬁ?HﬁL&r@Uégs and in
particul ar cases, redum;\&spol lution. Greater efficiencies and_ reduction of
pol lutioh is BrossrnaRatsnt gmpationdegsl Nec§d/BEpd 3085 gn
Furthernore, dispersed particles in catalyst m xtures have been found to
aggl oner at e - ddebruary Be2002 mantidesiT AN TrCAMPRSHIHAMNDAMETHOREOR n t he
catalytic

y OXIDIZING MIXTURES". The disclosure of these related applications are

incorporated herein by this reference.

10 - BACKGROUND OF THE INVENTION
1. Technical Field
The present invention generally relates to a composition and method for
catalyzing oxidation, and more particularly to a catalyst mif(lure and method for
conveying a catalyst for oxtdation of a fuel.

15

2. Background Art
Bubbling or sparging air through a catalytic mixture that includes platinum,
rhodium and rhenium compounds has been used to convey the platinum, rbodium 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 catalysts in
oxidation prdc.essa 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.



m xture . There is a need to prevent aggloneration of the dispersed
particles since agglonerated particles are nore difficWNdvinBEozeey out of
the catalytic mxture by a 5 streamof air at lean in part because they am
heavi er than non-aggl onerated particles. Accordingly, there is a need for
a catal yst womyoedsei on and nethod for oxidizing a fuel tHE/UP2BLENt S

aggl oneration of the dispersed particles mthe catalyst mxture, reduces
pol lution em ssions and increases power generated by fuel oxidation. 10

DI SCLOSURE OF THE Fuxtbemmorgdispersedopasticlestin catolystimisturesdiaxg begnidonnd topt hod f or
oxi di zing fuel through the use of a catalyst m xture which is added to a
fl ame zone of agglonexdteldud torheptrop cemplexarion withmnganin adddivesindhereatalptits of t he
present invention nay provide a way to increase the efficiency of fuel

oxi dati on, r emixtireNnThére israbed edpreentdgglonsarationi of e, digpeesad partidles $incesepower and
nore stable burning which tends to result in |less wear and tear on the

engi ne. EnmbodiggRiMeratéd pdiclbsare ok diffRAN & énPeypord F tlecatalytio Riitturt byG
environnment wthin the Flane zone by sparging gas through a catal yst

m xture sand t GRA%RYairafBast Pparl Rehtlsk tHAY aftdRaviti thar ndildpgRinteatedibaiioss
particles, to the flanme zone to affect "the chem stry of the oxidation

process. The catal yst particles m e directly inj.ect into.20 the Race
zone or may be indg(?cg’é‘ﬁ?%}y’itﬁﬁr%gtaéﬁg%&r8Fﬁ Sticﬂﬁjgoflh%n ﬂ%da{ﬂ%tg%‘gfr%, such as
doings an air intake tq the flame zone.. lonized Spongi ng gas, nay .i nprove the
sl evenOT S el sha Breves RS IisS oNeCRIR o] B s PR A 4

Enbodi ments of the catalyst m xture include at |east one conpound having

el enents sel emixieresTednees pallulion apissignsangdiingiepses payyes apnerated by ek pxidation. gr oup
VIA group VA, group VI, group VII, group VIII, group IVA, group It, group

1B and conbinations thereof, and at |east one conpound having at |east one
el enent sel ected

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. Embodiments 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 be directly injected into

20 the flame zone or may be indirectly injected or drawn into the flame zone, such as
through an air intake to the flame zone. Ionized sparging gas may improve the results

even further.



5 fromthe group consisting of group II1l, group Il A and Lant hani de group,
such as Al um num Magnesium or Cerium mxed in a matisiNQVEMBER 2005 wat er .
Additionally, the catalyst m xture may include one or nore of a sorbent, an
antifreeze agent, and a surfactant. It has been found that the pH of ne
catal yst mwer043g cruci al to prevent aggloneration of RCEUSOVENY St .

Aggl onerati on reduces the anmpbunt of catalyst particles 10 which may be
carried to she flane, zgne in_an air stream and nay cause potions, of the
catal yst mixture tBmpedimenssof the catalysianixtugsinclydegtdeastonesompapndhaxing) engi nes
whi ch use catalyst particles of enbodinents of the invention within their
engi ne combuselFents pelested from thegropp copsisting of group & cgraurllis BEOURNABs usi ng t he
sanme fuel, experience |less vibration and produce fewer 15 harnmed em ssions

t han the sanegwup¥é, geugiViegroup NllvgrobpMilL groanpd ¥dagseup IBagreupddB andvany of t he
advant ages experienced by the addition of the catal yst particles continue
for a tinme evesmbihitions thereof, ahd htylgist preer dompbagi lavingrao ldastope eletmentsglectediveyed t o
the tane zone. Enbodinments of the invention are applicable to any oxidation

process 5 i ncl ggnige gbu;% cotdfstihg 6F gr6h MIOgrop 11A%HNH 2 AnthEIBESREY, suéh 4she fiel ds of
boil ers, furnaces, 20 turbine engines, reciprocating engines, incinerators,

open fl anes, : ) : vdrac I it i di zed. 15
NOVENBER 2005 B Do BE%5 nf KAERE, HBRYdn RHRRS AR ROBES i s
FIG 1 depictg an example of an aratus for conyeyin he | yst of the
present inven |e(§ﬁtaﬁ'5t %B‘&uéﬁg’ﬁyq%ugggﬁ%%g?{eo %s%{g%n ’r%’aaﬁ'ggg%eta g‘%é’%f%ai ments of
the present inyentiaqn; FI depi cis .an enpodi nent . of a system having a
catal yor - chanbitector W insdain i wete phior B RBRm MR i UG BV 11 ol 25

a catalyst transport ,and a flanme zqne; and )

agglomeration of the catalyst. Agglomeration reduces the amount of catalyst particles

ol

-

10 which may be carried to the flame zone in an air stream and may cause portions of the
catalyst mixture to fall out of suspension.

Tests performed on diesel engines which use catalyst particles of embodiments
of the invention within their engine combustion chambers have been found to
generate more power using the same fuel, experience less vibration and produce fewer

15 harmful emissions than the same diesel engines run without the catalyst particles.
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 flame
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.



FIG 3 depicts a nmethod for oxidizing a fuel. 10 DETAI LED DESCRI PTI ON OF
EVMBODI MENTS OF THE | NVENTI ON  The present invention dilscNOYFABER 2085 hod and
conposition for catal yzing oxidation of a fuel by conbining catalyst
particles with a fuel in a flame zone. As wused herein, a flanme zone neans
and i ncl ud& eo7es2a where oxidation of a fuel occurs aREHUHRE2H5ER

i mredi ately surrounding that area. For exanple, for a reciprocating 15

engi ne, and nany ot her caqnbusti C ne is the area
within the conbustion c%pﬁ%ﬁ&ﬁgﬁn@@&ﬂ%ﬁce or boiler, where
a flame is burning for extended periods of tine rather than in short
bursts, the flame E6né degicts hrexampde ofianEpparatasigr enrvering thesaaysiMdieng t he
flame, the chem stry environnent of which affects the oxidation process.
The catal yst mesdni mvesionay a benbstiveshacthbtnin deeorflaneravithembolimeas of Bisngi ng a
stream of gas, such as air, through a catal yst m xture so that catal yst
particles naypllagbnca,ﬁléﬂtm; in the gas streamto the flane zone. Enbodi nents of
the invention may be used in the flame zones of either open flanme or

encl osed. fl ane oxi tzﬁg%gtggmsﬁ I&éﬁ@,ﬁ-ofégys%ﬂ?ﬁhvﬁr{r%aa{@ta@%itQ?aErib_QPfoirS one in 4

| $ NOVENVBER 2005 0 t he expansi omr of gasses is used for
heat, heating, i.ncinerating sinper tq .soften, —m um a r t a
subst ance. Egafr?ﬂv%%g ?ﬁaséhgﬁn f?’g%%m%ﬁ?qﬁlﬁ%ipﬁtﬁdgﬁﬁlcf%% ?t(r)ar?sSp &?ﬁ'/la@ A'Cude,

wi thout limtation, furnaces and incinerators. An enclosed flane oxidation
is one in whi&MmetHy expansion of gases is directly used for work such as
noving a piston in an engi ne. Exanples of enel osed flane oxidation
applications nay FIGeB degicts wintettwdtfor axiditiag a &r¢]. t ur bi nes and reci procati ng
engines. The invention is useful in all oxidation processes. |In accordance
wi th enbodi nents of the present invention, FIG 1 depicts a

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 sparging 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



front cross-sectional view of catalyst chanber 15 for sparging a catal yst
m xture 22 10 the catal yst chanber includes a spargi ng NOMEMBERZWE| vel vy
coupled to on air inlet 14 to the catalyst chanber IS. Aternatively, the
sparging tube could be a hose coupled to the air inlet 14. "Sparging” or
"bubbl i ng AVQB2070432ough a mixture for use in an oxidati oRCPPWRBEIS | nvol ves
passing a stream of gas through a m xture such that di spersed particles-in

the m xture € non- evaporatiyve or, 15 chanl cal | s

1 ui di zed o iR e Pans i Gisetis His (1 hefl R 'B‘g)“%atgés M e
“"Fluidized bed" is a termconventionally applied. to p%é‘\(? % gas t hrough a

powder ed sol i Bi% G anf/er mefi@ spbstagicn ok xanlesof ppenflamecs B B‘ﬁ? H915i d

properties such as beconming flowable. In the context of the present

i nvention, spaeyinetpds, without hmisatipn, furnaees and incinesaiers) 4 engipsed dlame 2

non- eveporatively or nechani cal hy renoves otherwi se 20 non-vol atile solid

cat al yst part bxilg®nfis oma ih lnéhidhi theiexgpansiort afigassePis dgectly usédifor woek gh 8§ cl es

becone fl owabl e or fluidized when placed into the gas stream above the

liquid gatal webinglapistrein3a engdifie. Eapldl of pappedfané otibaidawpplicatons24 at t he
surface of the liquid 15 NOVEMBER 2005 WD 02/070632 PCT/ US02/ 06518 cat al yst

mxture 22 | nmtaglr&llfdk Wit oA e BmithtnCurbintd afd iRl pYsdatiRPeHofles S TRBMvéios & i ed to
the flame zone by the gas stream In operation, air passes through the

spar gi ng tube Q chanber 15 in the direction of arrow 26
resulting in B;eéglyglpﬁﬁgﬁlo ?(?IJS%?' rough the catalyst 5 mixture 22. An outlet

17 to the catal yst_ chanber 0 tively couples to.tr Ilnes 23.
Al t hough two transieeeqr ‘H’é%wﬁg g’ﬁ%‘% }[fhﬁ pfeﬁeélt é‘}?‘ﬁﬁtb‘?%gﬂ? d{e only
one or nore than two may be used. The spar g|5dg gas may be noved in t he
di rection of fromferessrentiond visy efsslahishiamberaldfonipaegingn Ay R 28f a
transfer line 23. Alternatively the sparging gas may be noved in the
directith of Thecaalystvhatbebinctudesasppigingrigbeaopsmtive]y neuplesistoandirinlet Iddsi ti ve
pressure to the inlet I | of the sparging tube
the catalyst chamber 15. 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-evaporatively or mechanically 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



12. A bubble rate based on counting the nunber of bubbles per second

rel eased from the sparging tube 12 nay be control | ed IBWOMHMBXER 2995 ei t her
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
appropri at evoearedszti on or restrictor in the transfer |i RCTIG0266579 n

enbodi nents of the present invention, the bubble rate may be from about 2 to

about 15 bubbl es per second. | he stabbin as may .he air, nitraogen, argon,
helium and cEARIYSHENFBIR2: e thepfiuidizg %ﬁé‘%— “gﬁ?@lﬁ P%Hg's%mﬂéé?ﬁ ‘E?E’%ﬁ‘égﬁ‘.e
Alternatively, the sparging gas may be a positively or negatively ionized
gas, for exaRgnezongdydhegads®eadm air, nitrogen, argon, helium and

conbi nati ons thereof The 20 ionized sparging gas may be forned by exposing
the spargi ng gas tia opeatdord, airpasses thanpk the spagiad tubs 12had tievatalyabthemberom Al |

El ectronics Corp., Van Nuys CA 91408. The ionized sparging gas nay be

passed t hroughs {nffe SiRRfigh BartdPE6 fesul@iptin GabibyBi paslixg thicugh 2 calyshe transfer
| ines 23 as described above. Though not intending to be bound by 6 15

NOVEMBER 2005 ;4. 63/ %Jl%ﬁ& llagltﬁé%gt%{y%&ﬁbérhis%tpreﬂﬁ%ly couples kStrdiRfk eved t hat

the charged ions in the sparging gas ‘may attract charged 1ons in the

cogativel v chiiSas ATRETENRR delfel Bt S ire BAER AL RarBAROEEE VR e
and the charged catal yst ions mag/ i ncrease the efficien Bf renoval of the
catal yst | onsOm iase {148 Ry DEserh e, PATERnE 65 e AYFS I Pe PRy gas,

conpared to the renoval of the <catalyst ions by the electrically neutral
spar gi ng gas. oBhe apew ¢ Ay anRlYing p yrrusBde a%ﬁ%ﬁ“@igré of adransferding28; cj ency of
renoval of the catalyst ions fromthe catalyst mxture 22 may be increased
Use of anusedA#pmatinehy thyapangtng gas may bemoted in thegineetibmarfitheraniow 36ky  anount  of
the catal yst used by the process and required for the advantages of the 10
i nventinn. Ussupplyiigaidpa@thgsdas nndeng positiverpagssure saiht inlet ldrofithecpagmg tibe t he
anmount of
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. The sparging 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



catal yst ions conveyed to a flame zone of an oxidation process conpared to
the anmount of catalyst ions renoved fromthe catal ystismMOMEMEERZOHN t h an
electrically neutral sparging gas. For enbodi nents of the present
invention, the catalyst m xture used in the 15 sparging process includes at
| east one o0 edoreds2conpound whi ch contains at | east one RETURI2PESI8 or group
BA el ement in a matrix such as mater The water is preferably pure wth as
few contam nants_as possi bl e. stléled wat.er be use ecific
embod ment - of N BeGH L BF BAYed 1 e SPapPr i B P E g s ek e AL
conpound containing Alum num A non-limting exanple_of an m num

cat al yst conp#uén thecatplys mixane Febasdn lh%“%‘l‘ré'am‘?‘iﬁloﬁﬁg?%éfvels}’ﬁégi fic

enbodi ment of the invention, the catalyst m xture includes a catalyst
conpound cont aggatingy M’B@edsoruimThAnatgnl atiradtion o the sharaesl warginggaparfhidsi um

catal yst compound which may be used is Mg 2 7 15 NON EMBER 2005 WO
021070632 PCTchitged/AfalysGioAdsiay inoreadeltlys effitiencyaf sdnys/til ofithd eatatystreps froml ude one
or nore other catalyst conmpounds which contain one or nore elenents from

group I'A groug claﬂagehmﬁﬁﬁé'm by/ihiorieddPariifig g45, EdHipaydd to WierdioMdl of thgr oup VI I 1,
group | VA, group | group JIB and conbinations thereof. For exanple, and

Wi thout |imt e&talgam&s *isg &Gy GAFRPAGim gzgyapepfglﬁé #lth el Pt) conpound,

a rhodi um (Rh) conpoun a rhenium (Re) ~compound, Tt hium But conpound, a

potassi um (k) agz@ ﬁ%a@%am%g{awém@al oft%ﬁ"?é}&igg’lorﬁ'} gt 838 oA, &g@wnd a

nol ybdenum (I\/EB

d I A nmb t
el udi ng Pt a2? Ak EmRa PhanicCaRp B e 8RR GRAATE Ul BBIE ™ or m of

Pl ati num such as chloroplatinic acid (H2PtCl6.6H20). In enbodi nents
i ncl udi ng Rhodmawgt of the crialyss used @b‘t‘?ﬁ@(?ﬁ%ﬁs And reguired fapihe adwegiages of the

10 invention. Use of ionized sparging gas may result in an increase in the amount of

catalyst ions conveyeci 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 IIA 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 AlO,. 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 MgCl,.



had of Rh such as rhodiumchloride (RhCh). In enbodi nents including Rhenium
t he Rheni um conmpound may be a water sol uble form of RnesmNOVAMBER208S
perrhenic acid (HReQJ. Alternatively, the Rhenium conpound nay be sel ected
fromthe group 15 including netaperrbenates, Rhenium carbonyl halides, and
sal ts of HRe@®/070d3m enbodi ments including Iron, the |rorP@W9d0e® nay be

ferrocene. In specific enbodiments of the invention, a catalyst m xture
including Alumnumas the group |11 el enment apd Platinu Rho[jitum and
Rheni um as group Addiflonallythe,eatalyss miturs mayjipgludefoe or moregthercatalyst e

m xture, a concentration of 20 Platinum as H2PtA 6 H20 in the catal yst

m xture, may Bempaundswhich eonsaip one & mege glements fremrgrern Magrayn 1A 83RWYIi um  as
RhCt in the catalyst mxture, may be at |east about 0.07 ng/m, a
concent rat i on VoA, gRngnV Angroas VERe®$ I eraupdillceraen BjA,igroupHB, gravmi1Bend

m xture, may be at |east about 0.1 ng/m, a concentration of Al um num as

Al Cl, in 8 15ciwMENMEERIRACE MPDeRahfd,ad HithGkNuSaNoM) Gle/ditdlysecanagcmhd/ st i xt ure
, may be at |east about 0.07 ng/m . In another specific enbodi nent,

Magnesi m as  gadbok BlalihiBn Pt EGRAouh, aHBilrh (RE)Bmipeind e WiEnUMTRY) t he
catal yst m xture, and a concentration of Magnesium as MyCl, in the catal yst

m xture, rmay cmp(ﬁhd,l aqﬂﬁitunﬁ(lg%:&%\r? Ql?ﬂd?gf)&gsrﬂu;r/ﬁ (K)S:oﬁl?altxrﬁfm Ladigd (Nﬁ)at in

certain enbodinents of 5t nt1on, a portion of the A'um numis

o e o) R B3 o B8 co b Gund BBl adnuH hefi Sk BlA A BRnRALR 21 U, nU

and Magnesi um pecl Oportrons -of eac e various catal yst
conponents are related ,to how wel| the catalyst particles wll rk in

achi evi ng theﬁva}qo&s’gl‘%@&ﬂw@é U GPmP?fg’d"?ﬁ%@'i‘)c?ﬁfinW}ﬁ ?Séwy?ri(é\é\gnbodi ment
of the invention, the ratio of Platinumto 10 Rhodiumis about 8 6 to 1, the

ratio of pl at FerapAung Rrsmhodiments inglading Blatinum, thg Blatijun corapquyd 1Y PEAt i num t o

Alumnumis about 86 to |I. In an enbodi nent where
10 water soluble form of Platinum such as chloroplatinic acid (H,PtCl,.6H,0). In

embodiments including Rhodium, the Rhodium compound may be a water soluble
form of Rh such as rhodium chloride (RhCl;). In embodiments including Rhenium,
the Rhenium compouna may be a water soluble form of Rhenium such as perrhenic
acid (HReO,). Alternatively, the Rhenium compound may be selected from the group
15 including metaperrhenates, Rhenium carbonyl halides, and salts of HReO,. 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 H,PtCl,.6H,0 in the catalyst mixture, may be at least about 0.6 mg/ml, a
concentration of Rhodium, as RhCl, in the catalyst mixture, may be at least about 0.07
mg/ml, a concentration of Rhenium, as HReO, (perrhenic acid) in the catalyst

mixture, may be at least about 0.1 mg/ml, a concentration of Aluminum, as AICl, in



Magnesiumis substituted for Alum num the ratio of Platinumto Magnesiumis
about 8,6 to 1. Nevertheless, it is believed that thasnavedsBER2005ch of t he
ot her catal yst conponents to Platinum may be nuch higher and | ower than is
used in this specific 15 enbodi nent. For exanple, it is believed that the
rati os of M@oa1ea2t o Rhenium and Platinumto Al um num RCTEYHeSTM may
each individually range frombetween 30 to | and | to I, and nore :
specifically frompetween 15 to | and 2 1, that ratios of Platinum
to Rhodi um rra§}’er°étﬁ§ét TPIXHES [RAY\RE 8hleath ahayt &‘BAH@/@HB&T?&%&BCCH& e specifically
between 15 to I and 4 to I. The actual_ maxi mum and m ni num workable 20 -
ranges have némbedimenty Magnesiumeas aranpyp,/1B ?IFmgfﬁd“iﬂ“gStHPt%f%eMH'ﬁﬁ‘@F’s‘P d that in
enbodi nents of the invention, the use of only Plati numand one ot her
conmponent (i . eatalRhodkiurg, adwesnngentrationvefdizentsivmaas MgCly ini the pgtalyspamixtusg, i | ar | y
provi de sone benefit to the oxidation process. Even 9 15 NONEMBER 2005 WO
02/ 090612 PCThd$5624t06ds7 boap&damgmgl. e candnaplyted thayiatcemaimembadinei®s af i num
shows sone i nprovenent over oxidation processes without a catalyst. It has

been t hepri zeghetibahtié) @n§ageRionlof tHe! AuRiHuncie sepldcbEBy BagmBiun wftha theconpound
within the catalyst m xture above, particularly Alum num may be acting as

5 a sorbent f oLl H¢ic@tAhNades Boihl MuRinuAardABGbAL € sorbent in the catalyst
m xture may causeé a catal yst conponent to be adsorbed or absorbed to the

sorbent. This may assist.. in transferri the catalyst to the sparging gas
stream t hrough pr e'@}éerﬁpFﬂBC progortigps gfyrach Or}?ﬁ’eo‘fﬂnﬂ%%ﬁ?%’é%ﬁ‘?%onS@ﬁ%ﬁﬁrgf‘tg nts.
This may al so assi st _in reduci ng aggl oneration of catal yst conpaonents. Both

reduction of fvowe} theicaalystmartsies vl Posringrhigdngihe yarions advaageeft® bondi ng

with each other is desirable because nore catalyst particles would reach
t he pani c zonévaripnt hea spepificembedigent ofgheinventipnitheratie of Plabmss to,

10 Rhodium is about 8.6 to 1, the ratio of Platinum to Rhenium is about 6 to 1 and the
ratio of Platinum to Aluminum is about 8.6 to 1. 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 of the 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 1 and 1 to 1, and more specifically from between 15 to 1 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 1 and 4 to 1. 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



Alternatively, or additionally, it has been theorized that the group I1I]

el ement, for exanple Alum num or group IlA el enent, 15C0OVEMBER 203hgnesi um
acts as an accelerant within the flanme zone to enable the fuel to oxidize
at a lower tenperature 15 and for a longer tine. As part of this second
theory, it waodmgbdiseved that placing a group 111 or groupPGiEs02/84Sédrent into
the flame zone, particularly Alum num creates a nore electrically
conductive environnent within the fl .zone, enabling oxi d?ti on to occur
nore qui ckly. OWi‘tH‘gfﬂé%‘{aéﬁlySB%SIfa{WW“g?E‘W"P WS SHBF ENEPVERE PYREI bur ns
resulting in fewer em ssions, nore power output and | ower bum tenperature.
| f serving thPxidatpnipreressenyyitheuia cfplysfp 111 or group I1A el enent woul d be
acting as an accelerant for the oxidation process. Wether the group 111 or
group || A el enent, It amcbepmthicodzed alidt yhe ghdupriil elemeot debdxijred 96 part ofadded to t he
catal yst m xture functions as a sorbent, an accelerant, or serves sone

ot her functi oBompdund Withlnahé cdtalpyintiftfe ab&%| pdrSiculdrBt Alufthuis,ingdy befacti@ at5
NOVEMBER 2005 WO 02/ 070632 the group IIl or group I1A elenment in the

catal ysts m Xt HE& et G thleSitlyss b ARRbpropiiABGe i Re EByQXiigkaled Ly Process
Optionally, enbodinents of the catal yst m xture, such a t%e anal yst m xture

22 shown in t@a%sg QI:a%léﬁtcorﬁEc?rﬂ.Pﬁ'é b%%ds%f’be& Ioﬁbsgmbemthie Q&Bé’rg.eTﬁ’its prﬁs'a Qeponent s
such as 5 one or nor sorpents,

one or nore propitrate: agents; one or nore
fill adjusters/buffers . and, on r mor.e surfactants, as descri be re folly
bel ow - Exanpl B aFteg iR e D B el G e AR B G B P 7
m xture in enbodi nents_of the present, i nvention jnc#ude Sﬁdisntco ounds

contai ning a fremdiopding withothep plementsnThis may gl aRsist nApducyie agelemariahPlde gr oup
cl ement such as 10 Cerium (Ce). It is believed that in particular

enbodi ment s ofatallis compensnisoBothaeduction plagslomerption pndprevgation osetalyst ar  Ceri um
may be added in fire catalyst mxture in
10 components bonding with each other is desirable because more catalyst particles
would reach the flame 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
IIT or group IIA 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 the fuel, more of the fuel burns resulting
in fewer emissions, more power output and lower burn temperature. If serving this
20 function, the group III or group I1A element would be acting as an accelerant for the
oxidation process. Whether the group III 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



pl ace of the group Il element. One particul ar exanple of such a catal yst

m xture may include, without limtation, a catalyst nsNOVEMBER?DIPS si ng at

| east pl ati num Rhudium The group |11 or Lanthani de sorbent maybe added 15
to the catalyst m xture as a precursor material such as, without [imtation,
AlCl, A" &0, or Ce(NO ), which forns sorbent par tRQAVERANEN t he
sorbent precursor material posts with water in the catalyst m xture The

sorbent procursor nmaterials such as AICI, AL(NO) 3 Cl,.or. Ce(NO3) 3 are
particul arly $€&rayp 1%@&%{8%11/\%%@;“{ ‘é‘ﬁ@ ?a(t)a’]ﬁb?‘ﬁﬁ“f‘)? HEQV%&? s g easily

di spersed cartoon materials in the catalyst 20 m xture. Sorbent materials
for exanpl e, #ygntpgectptefeoxidatiff REPCESAI , O which is fornmed when AICI, or
A1(NCB) 3 reacts with water. Southern materials may also include ceria (COO,
or Ce, O) which i sOftionalyg embedimestChf the cRalfhi@BXtBre; amwbias theicatalystwmixdire cal ns t he
catal yst m xture contains a arrestor material, ne catalyst conpound | | 15

NOVEMBER 20052 )MRo03 M e 22tafysildhbiabet/ 1065 FRG. Tapaginalide biherconipoadigosuokds on t he
sorbent material as described above. In a particular enbodi nent of the

inventian, thg,SRHRROLrBEYs, SRGHTE altfebzetgeits Mae 8RRloreGRH Mjusrabites of
antifreeze agents which nmay be added to the catalyst mxture in 5

enbodi nents of i [ [ i i e agents containing an
al cohol such gansd @?ﬁbﬁé@%@@%‘ﬁ%{s dﬁ%%géjglﬁgé%il{/%eg ., met hanol , et hanol,
fraternal, hutanol gent anol , hexanol |, isobut al cohol

, |1S0pro ohol , I
and conbi nati ons tHhemplss of sqrhentspmpouggs g@Fﬁ%?éﬁ?@egﬁ%ﬁ‘Eﬁatﬁ]ﬁﬁ} ”B‘éx’é"dded to

the catal yst m xture in enbodi nents of the invention may include ethylene
gl ycol , ot her ingimphodimentssif thequesentgnyention pelyde srbpahedpayadTensifiieg # ons
thereof. Surfactants reduce foam ng of the catalyst mxture in the catalyst
chanber, causgdupiibelemére sehis|AdesminumslAlxdre Leothimdegrofip ellment such as
10 Cerium (Ce). It is believed that in particular embodiments of the invention, a
Lanthanide group element, such as Cerium, may be added in the 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, Rhodium,
Rhenium and Cerium as catalysts. The group III or Lanthanide sorbent may be added
15 to the catalyst mixture as a precursor material such as, without limitation, AICl,,
AI(NO,);, CeCl, or Ce(NO,); which forms sorbent particles when the sorbent
precursor material reacts with water in the catalyst mixture. The sorbent precursor
materials such as AICl;, AI(NO;),, CeCl, or Ce(NO,), are particularly useful because
they tend to form finely divided and easily dispersed sorbent materials in the catalyst
20 mixture. Sorbent materials for example, may include alumina (Al,O,), which is
formed when AICl, or AI(NO,), reacts with water. Sorbent materials may also

include ceria (CeO, or Ce,0,) which is formed when CeCl, or Ce(NO,), reacts with

water. When the catalyst mixture contains a sorbent material, the catalyst compound

11



catalyst m xture. This allows the catalyst particles to nore easily be
transferred to the atnosphere above the surface of theNoAVEMBER?200% Xt ure and
be carried away by the gas 15 stream The pH of the catalyst m xture
conposition of enbodi nents of the invention, including the catalyst
conpound( s WO eyoasdr bent, antifreeze agent and/or surfactRGWUS028@BHUI d be
such that aggloneration of particles is substantially avoi ded. Aggl onerated
pani cl es are undesirabl e because aggl oner ated parti C}Ltr?% are re difficult
to convey oulapbe adserbederabserped o the sareentnaepial asdeseifehIvoXF+ N2y | east in
part because they are 20 heavi er than non-aggl onerated particles. |t has
been found t hpartiGuiar embediosniefshe ingnsion,dhe SOFRENEmAXEQMmATisEPRY FUEYNggnd

enbodi ments of the invention, a pH of |ess than about 4.0 is desirable for
its efficacy canapreventing formation of aggl onerated panicles. Above apH
of about 4.0, the catal yst conponents were. shown to agglonerate within the

12 15 NOVEMBER 200 Waid33f ArtiiR3Ze dphtawiikch ntah@eiagded tb thedaPethixtute mmbodi ment
of the invention, a pHin a range of about 1,4 to about 3.0 is used. In a

mor e spagi fi Cerﬁ%@%%%?@%g&?ﬁgh%ﬁ@ﬁd&Qntiﬁee@baééfnts BRLMER 3RS 1.6 to

about 2,72 is u talyst mxture may or “adjusted by adding

appropriate anp g%éhgg?ealé]},%gipg%ﬁ@gé glgp%qs[gethﬁmil"lg&agﬁ @%B%\Bg:guén&at al yst

m xture may af'§ he appropri at r suth as tris
(hydroxynethyl) and citric acid n hgra uffers, Ex | es qof order
conpounds kno®§Rtangl H‘éxaﬂglefsﬂl’m%algﬁg?gé%} ‘étéf ﬁ“gol?‘ﬁ %cﬁ‘?g‘rbéﬂaﬁ‘g% tg‘?{fc&i t hi um
chloride (had), region chloride (NzCl), and HCL FIG 7 depicts a catalyst
del i very syst em 4CExaaplgsad byrthetants vdidhahaydte addgd: to ¢heasatalysomixgurg itf | ane zone 19
O an Oxidation persons. The flane zone 19 rmay be an enclosed thenme zone or
an open form anelslimdhieofth¢ mivgrttion peaytincbhde sthyfrae klydolf stbenglyvelscsiliaingsil, m xt ure
within the catal yst chanber 15 amtransported to bad flanme zone 19 by a
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
stream.
15 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
particles 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 particles. Above

a pH of about 4.0, the catalyst components were shown to agglomerate within the

12



catal yst nordent 21, The catalyst 21 may be as sinple as a tube coupled to
an air intake W(he flane zone 19, or may include one @INOWEMBYER tdoe
following to 15 direct regulate, nonitor and control flow of the catalyst
particles to the flanme zone punps, injectors, restrictors, orifices

control | er syopegoé3at ors and ot her conponents, The cat al yRET/P0RN65(8 es ar e
transported fromthe catal yst chanber 15 to the nane done 19 by the
spargi ng gas streamthrough- the transport lLine 27. AItennativeI¥, the 20
catal yst m xt Giaysehambes| Ina speeific prpedimpgi of ie ipjeption, pypH iRjadengs @ AU | i ne 27
and swept by the sparging gas to the flame zone 19. Alternatively, a
Combust i on ai r1-4rt@a1!0u!3i%é$jusg s In § mprepesifin embogdimenh of the inygatians 2 PHIY at t ached
to the transfer line 23 to sweep nme J3 I S NOVEMBER 2005 WD 02/ 020432

PCT/ US02/ 0657 8etspar apongl .6 trsabont 222 o usext: t The pthgfdbe @thlysa taktyetmayibet ure i nto t he
flame zone 19. The conbustion air may be provided, for exanple, by forced
ai r i nduct i onadjustecbyaidingapp@pristerbacuriEsttanfacid and/er ®base h®he piefitheon i n an

oxi dation process for an open flane application for a furnace, wherein a

flane isspl aceslaly@idakiufe ABAIsOHENRRARABEG isihad spppsriafe HueSt such adrishe fromto a
heat storage device such as a boiler, the catalyst particles are delivered

to the flanme ﬁ%ﬁoé(%\t%elgl taﬁferﬁ){r[&%ﬁgaﬁ@ Ctltla%: L8 monORILa Blﬁ?&ré: ]gxa%rﬁ)le@fo?e(:t the

chem cal envi ane zone for oxidizlng u anot her
ention in.an oxi dat process for

particul ar embodi nent for, use o&th in i i.Qn
b open 1 amo SRBHerRRERdknpRE She yoffi IndbEpipeine Atk e ion 4t biiiim "t o i < 10
burned, the catal yst gf?rt i.cles ar eﬁg&ﬁ/ve‘{)ﬁﬁ% to the flane zone 19 of the
i nci nerator t gHlotdg @it spdiueydiardg Ap nt within the flane zone.
Simlar explanations may be used for enbodiments of the invention involving
Dane zones 19, f orFléxamppietsamdtalystdebvery bysteit 40 footranspbrtiag catalysspadicles ombust i on
engi ne
10 to a flame zone 19 of an oxidation process. The flame zone 19 may be an enclosed
flame zone or an open flame zone. The catalyst particles sparged from the catalyst
mixture within the catalyst chamber 15 are transported to the flame zone 19 by a
catalyst transport 21. The catalyst transport 21 may be as simple as a tube coupled to
an air intake to the flame zone 19, or may include one or more of the following to
15 direct, regulate, monitor and control flow of the catalyst particles to the flame zone

19: pumps, injectors, restrictors, orifices controllers, regulators and other

components.

The catalyst particles are transported from the catalyst chamber 15 to the flame

zone 19 by the sparging gas stream through 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 and/or inert gas

feed line(s) 27 may be operatively attached to the transfer line 23 to sweep the
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such as, for exanple, a rotary engine, a gasoline engine, a diesel engine, a
turbine 15 engine, natural gas and other alternative fladOVENHERSZIOS or ot her
applications such as a furnace, an incinerator, a boilers and other open
flame applications using any fuel. It has been determ ned that sparging the
cat al yst pavaoaires2out of the catal yst mixture of enbodiREMSH2/HET] he
present invention into the fl-ane cone 19 or direct injection of the
catal yst mixture into the flane zonpe 19 decrease i r pollution typicatly:
associ at ed 20SRAF&IPE gasionadiremly priggekatayst Xty "Tt%?}}ﬁafi?f“erzé?aﬁgéed arbon
nonoxi de, reduced carbon articul ates, and NO,, where x equals | or 2. Be

i nvention i s edmskustien siemey be provided; der exagmple by feserdiair mduei9ions, such as SO,
where x equals 2 or 3. Additional catalysts, such as ferrocene, may be
added and are knovim afpartipie efbedimbit forade ofthSventitinds ian nsidatich précelVEVBER
2005 Nonlimting exanples of the Feel wth which the catal yst m xtures of
ermbodi ments of, ofdaiie\uBPlidan B fltRacd S@kLrélh @ flametieplackdfudddr adeht, fuel oils
refined fromcrude oil, diesel fuel, gasoline, conpressed or liquified

natural gas, 9@3} 10 ERYFe YA REAMROTaMA B Y hES sRRSEeAeviBD SR G Boilkr,3hoNS such
as net hane, ethane, propane, butane, 5 isobutaue , toluene, xytene, octane,

benzene, m xtures of .al cohals havi A0 anal , butanol,
i sopropanol , fast%e)lﬁﬁtogwgie? arﬁglﬁ "aho t,o e@'ﬁ’%ﬁgﬁﬂﬁéﬁ%wd&‘%ﬁ% , veget abl e
oil such as cumoil,, nmneral oil, coal, .coal sphal t .vapar oxi di zabl e
vapors from cFERRUSHPR HF E’c"éggtég? cm@?erﬁ’gﬁﬁ?‘e’&%a@dﬁﬂ%ﬁﬁf‘? Bor‘igg';af?é’}geof. FIG 3
depicts a nethod 30 for oxidizi ng a fuel. The fuel is oxidized by 10

provi di ng a f &el Ingnethergartifulas gmbegdigent foraisa pLtbe inyeniqiyia apPXIdRHON nvent i on
(step 32), mxing catalyst particles with conbustion air (step 34), mxing
t he cat al yst - pwoess &rmranogeraflameripiplication féralindineraser, 39yrelruxidizablyi wastegst he f uel
(step 39) As discussed previously, the catalyst nay be transported fromthe
cat al yst0 m xt biireed, thet dalyfst pamiclescanedelivered 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
flame 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 cther 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 zone 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 1 or 2. The 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.
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(step 34) by a sparging gas streamto a conbustion At intake to the flane
zone, may 15 be directly injected into the conbusti on 1aINOVEMBER200D t he
flame zone, or may be directly injected into the flanme zone. The fuel maybe
transported mthe flane zone by any nethod known and used in the art

i ncl udi ng, W@ 030a32| i mtation, direct injection. The varPGES024¢5a8 yst
panicles may alternatively be placed into the conbustion air separately by
separ ate spongj ng processes or -ipjection. . 20 Catalysts faq i xi ng wi.th fuel
ina fuel tan ,onﬁmgwgeéw@as ?{fE‘F P”!Sb\?ﬁt}f WB!@E ,%’etfé@li's ‘Xf‘gﬁ%‘grﬁﬁoﬁweggtoﬁ e out
of the fined over tine and collect on the bottomof ne fuel tank.

Addi ti onal |y, therHByentien mpry be used jaee nymber2 (et o1l fiwrd oy refinggd frepp cpide BBy ng i xed
with the conbustion air, the catalyst particles attach to the fuel. For
liquid fuel s, diesedfuchfgaselineheompBespes audiqEliBERIMBDS:S, gagetiol,iagy hybesarboad (al so
conventionally called "atom zed'), the coal shields nost if run all of the
cat al yst part hatissorde amoaatabyrzatorgs $uck acmnatherss, ethaneaproparfe, bware, qui d f uel and
catal yst sub pre-m xed , The catal yst m xtures of the present invention we
not to he comobsakk, Wlidhk kyRahd] dctank, benByie, hixiuAg of BRoldIshalimafethaio| yst
particles with the 5 conbustion air before the fuel is added, the catalyst

| ncomes we ablgahd), §iabadbl bftahd] Cisof HERYS sbBtardl, pehifiol MR HpEhAN P ocess.

By catal yzing the conbustion air ‘prior to mxing it wsh fuel, the

catal ysts ne nt, i ? P ot LYRrdi BN e5h Rhe .él?ga tth liquid W
Accordi ngly, t%gtém%:l’a‘fr%tg@ gh ﬁ‘ﬁﬁ%&?ﬁ‘g"gcé’yeﬁa?e’ °he segal’ %S{E?ng c?% oxygen in
t he conbustion lﬁi bl The c&t al ¥st - clont ai ni Q‘g) ﬁonbust hon gj " Wi &Rr;é n.the 10
envi ronnent OPXAEPlEXARerS HpR chemigal progesses: ogflapgagd Samainations sTeofi on whi ch
substances the oxidation of the fuel nore fully than when due catalyst is
merely mixed withFIh@ depigtsia methed Hlforiofidieime gdiel £ She {og] ig gKidizad by hey al so
catalyze the fuel, Catalyst round directly into liquid Fort
10 providing a fuel 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 38). 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 air 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 may be transported to the flame zone
by any method known and used in the art including, without limitation, direct
injection. The various catalyst particles may alternatively be placed into the
combustion air separately by separate sparging 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 fuel over time and collect on the bottom of the 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



has very little. if nay, the opportunity to catalyze the flane zone
environnent prior to 15 oxidation O the fuel. As expllaiNOdEMBERIBYsS|y, it
is believed that mxing a group IIl or group IlA elenent, personally

Al um num or Magensium w th ne conbustion air prior to mxing the
conbust i on V49 P2/8WE3R t he fuel comes; a nom conductive enviRPEHBERA6SHr

oxi dati on enables the Oxidation of the fuel to occur nore quickly because

el ectrons associ ated. w -t he oxi datiom.process,can travel. nore i ckly.
However, act uitfe? B ﬁ?or{zleflriﬂ??a‘ﬂ?nb"é‘t'f’?@y éﬁliggd atﬁﬁ}éze?o) ’ ﬁ}’?é%"fl é@lefdﬁ)moati ’Eig‘ﬂg nom
conpletely in pmany oxi dation, consensus, such as, for ex le, a diesel

reci procat i nga]éﬁﬁe(‘ﬁé?talgﬁrl’émﬁ%eslﬁﬁg‘qa Z‘Wgéh%‘iﬁ’f“bfﬁ"ol‘?'rl\!ﬂifﬁggﬂ %@Bg

w002/ 010632 PCT/ US02/ 06573 conpl etely oxidized in the conbustion chanber.
This results r#Halystaerse-nhxadaflihe catalyjtsnicgres of e prespt ipNcaden argAgfitne By

accel erating the oxidation processor extending its duration, nore of the
fuel is bur nedorfustd mathrfielladditivess iBymsixmgherfbudieesicataisoparitles WitlsthRef erring to
FIG 3, a gasoline fuel nay be oxidized in accordance with the nethod and
conposi tj on dicstbBtetaihbéfeienhe flbEs addet ghé cdtd getrphréiclechratable td aatadygakol i ne
fuel engine having a fuel consunption rate of 5 gallons per hour operating

for at least c4RBLsHOYAIS forREIHGRYIOR PRROSAT] BY cARPZRXIhERbAbYstibHir pROUS AN
(2,000) gallons (6056 kilogranms) of fuel. A typical car consunes

appr oxi mat el y g?ﬁ(igglt lsf‘ﬁ@m%ng?ﬁé Eellté?&i E%&éd 1y Lih?s BBFMcﬁfé’th% bflerfprgat al yst

delivery syst e specific catalyst mxture for a fuel

L2005, 55 8, AT P O RGBS e ©f vt e
(chloroplati niogyg%g gndt)ne coorﬁbl%tigno éi?'. tme/: Qtalgﬁ%%aigﬁgrc%gggsiti%n %Fri\g?hin the
10 environment of the flame zone is, therefore, catalyzed before combustion which
enhances the oxidation of the fuel more fully than when the catalyst is merely mixed
with the fuel in liquid form. When the catalyst particles subsequently mix with the
fuel for oxidation, they also catalyze the fuel. Catalyst mixed directly into liquid fuel
has very little, if any, opportunity to catalyze the flame zone environment prior to
15 oxidation of the fuel.

As explained previously, it is believed that mixing a group 1l or group IIA
element, particularly Aluminum or Magnesium, with the combustion air prior to
mixing the combustion air with the fuel creates a more conductive environment for
oxidation. It is further believed that having a more conductive environment during

20 oxidation enables the oxidation of the fuel to occur more quickly because electrons
associated with the oxidation process can travel more quickly. However, actual burn
time may be increased due to the fuel oxidizing more completely. In many oxidation

processes, such as, for example, a diesel reciprocating engine, some of the fuel is not
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15 0.28 g (028 ng/nl) RhC 00,29 g (0.28 ng/m ) AICI,. The catal yst chanber
15 of the delivery systemis charged with thirty six (I36)0VHMRBHR 2005 s
catal yst m xture, and with enough ofa base |iquid conprising equal parts
et hylene glycol and water and 5400 parts per mllion (ppm by weight Lid
(col |l ecti vavqQoz2go63gonbi ned catal yst m xane"), for a totalP@HUBZ065A¢ of
conbi ned catalyst m xture in - the catal yst chanber. The pH of the conbined

catal yst mature s adjusted to a_ range hetween |.6 .and 2.4 by dropw se .
addi tion ofa &M Ftélys"éfqﬂeldd’i‘\th&“'ﬁ%ﬁ“BEﬁl?aB}%e{:wﬁH%Teamfsdn\ﬁﬁf’éf harpdul "5 NOVEMBER
2005 WO 02/ 070632 PCT/ US02/ 06578, Al _a fuel consunption rate of approximately
5 gal | ons/ howemsgomifresm thegdigse) rogine By pereleratine gs@xidation pr@&‘??BPh‘@‘ée"Bg‘lgal yst

m xture maybe sparged for a period of at |east 400 his at a bubble rate of
bet ween about itgd@atinm bloessofiike fuglde bwraediand hgmfu] empissionstaretedpsegd. The spar ged
air of the present Exanple which contains catalyst particles is 5 placed

into the air Epimielof the conbustion chanber of the gasoline engine. The
concentration of catalyst mxture in the conbined catal yst m xture nay be

adj ust ecs TOr Nl R dRKOPIC! 00 ElsoliltHhel HRAIBRIIAN i,{@ctcsa@c@g&éth ethe

conmbi ned catal yst mx I ncludes approxi mate of

catal yst m xture for each .5 gal/hoyr of fuel c u ign. Accordingly, the
catal yst m xt H}egwﬂr&?d ‘boénﬁﬁ’ts'é‘aﬂggﬁ{,os %08 j*ﬁﬁ&"%fﬁ?f‘?%‘fﬁf@ﬁ‘%é’&%@% from
the base liquid, and added tqQ the base Ii?ui din the cat a%ﬁ/st chanmber as
needed by an Sihengierhaxing g fuel consumption gasiol ¥ gallons peraqus opsrafiiedar at l6aptat  when

there is nore than approximately 160 m of catalyst mxture in we conbined
cat al yst m xt 49®hayts, 8BeEby sonsumingrppeoximately tweieusand (Z009) ealioas (6966 ar e
reduced. In cases with engines consum ng nore than approximtely 22.5
gal / hour of f kiddgrame)€fueb A lngicabeee consqgmechppatxahatsly Sdiapesrteer. Tieyengise needed
for full effectiveness. Test results

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 (1) liter of water was added:
2.4 g (2.4 milligrams/milliliter, mg/ml) H,PtCl,.6H,0 (chloroplatinic acid)
0.4 g (0.4 mg/ml) HReO, (perrhenic acid)
15 0.28 g (0.28 mg/ml) RhCl,
0.28 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 of a base liquid comprising equal parts ethylene
glycol and water and 5400 parts per million (ppm) by weight LiCl (collectively
20 “combined catalyst mixture”), for a total of 650 ml of combined catalyst mixture in
the catalyst chamber. The pH of the combined catalyst mixture was adjusted to a
range between 1.6 and 2.4 by dropwise addition of a dilute solution of hydrochloric

acid in water.
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al so indicate that adding nmore Aluminumto the catal yst m xture, even
doubling it to .56 car m, provides better perfornmandeNOY¥ENBRER 20bBn with

| ess Alumi num Neverthel ess, even in engines using a catalyst mxture with
relatively small anounts of Al um num perfornmed better than w thout any

Al um num 30 ¢107a% been found that engi nes using a conbiMENVHPGI8 st

m xture as descri bed above experienced a greater than 50% reduction in NOX,
hydr ocar bon and carbo nonoxi de em ssi ons ile jt S t. direct]y tested,
it is also beli eveﬁt?ﬁ'ﬁ{ cogpymption; g Pg?P?r%P%\gV éﬁﬁg%ﬁ»%ﬂ%ag%ﬂ (gf:‘cfﬁgyflency
increases. |Is 15 NOVEMBER 2006, rel ati.vist Pq;/U802/965114 rging the
chemi stry of mieursip 850 mhef combined GaaREt RIKME G tepaserd for gpered gty o

m xtures of the invention navy affect the chem stry of the interactions and
oxi dat i ons of leaptet0Q &irsi iadbubble raipef heawesnypbeut d1ahpbhles pergaepndayd ptdlheal ter t he
oxidizing tenperature of the fuel Studies by other researchers have

i ndi cat ed t hatffgitiat.i Tig spargedainbiithé present Rxaripde which korhias ¢atalyat patidlesid har nf ul
em ssions and reduced cyclonic tenperatures of the conbustion gone; from

appr oxi mat el y pR3& info thOaiRipRike i e tehbustid hanfBeRedhc edblireyenpinai ¢ t enper at ures
of the combustion goes is believed to further extend the bumtinme of the

combusti on_pr oces sy, L gich diQadfi WAUON ROeRRRRS dfal e hurkifag pper f or med

on a single Caterpi eries Diesel ENngine using a conbined

2P O 6t O, ST TOr Pyt avisg gl S5 oFprulfbdn s S6 wEh e Rmitnct T T i
(G o bri ngcrHeS e % AL et HEeoatap Yt crahe Evay Fhn n the
catal yst chanber. Using the sanme scanning process described in Exanmple 1,
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 the
combined catalyst mixture of 650 ml, 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 mg/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.
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the catal yst particles were carried to the rum nation chanber. Unless
otherwi se indicator the engine was running under an §5%oOvVeEaMBERXOEr t he
description provided in Exanple 1, 144 m of catalyst mxture is sufficient
for about 20 gWIliour of Trial consunption. Under 85% 1| oad, the Catepillar
engi ne or diwmexd7geszonsunes 20 approxi mately 23 pul | out, TEIEYSEPETat al yst
m xture was ran lean for these tests The tests discussed are standardi zed

i ndustry tests perforned on appropriate calibrated ui t and will be
clear to those of SMERatye @?F‘I‘sltryioﬁthf amg Fpne T§IIQ@M§€5§QV\D

02/ 070632 PCT/ US02/ 06578 Hor sepower Mg?i ng a water brake engi ne
dynoronet er, e#AYHarstarsswé the inysntior mayifeetihe chemiply ofgbranteastitisei®ut t he
addi tion of catalyst to the conbustion chanber and found to be about 669
Hp. Wen the ositlatiops bf thaardus depband catatiist ¢lements, ahd mry ayoptaliewthe exidiRing 5
conbusti on chanber, the horsepower of the engine was found to be 520 Hp.

Thi s refl ect stemptfatde 0 the fuek aStadienbyhahe egsoaretiery kdyy indivatdghat plabingige of a
catal yst m xture of the invention as conpared to operating the same engine

under the sangomBRMbA tdfiber With PRUAurh Rduaddiairh faNerfibsiGistanll yatucéddyolohize engi ne
conmbusti on chanber. Harnful Em ssions to Using various standard harnful

eri oot ons det Gl dr AN a8 lio 4B AABYAY0 00 ¢ BrAbAsLY, 2 60 %

reduction in carbon nono and a 66 ex reductioh in rocarbons in the

exhaust from 551&"‘?2?% "{%ﬁé gfc}'olé]ﬁcﬁtgmﬁ%gtgreg ?‘f Ak ¥ blﬁ@éﬂ Q{g@ﬂq ¢di A0 ({f fulh&

catal yst m xture e ‘engl nbu on chanper~as conpared to the sane
catalyst 15 FHEH PREBIGIR ERBUEHI BNt dmber . 11 s beli eved that the use
of a sparged catalyst mxture results in the catal yst
Example 2
10 The following specific tests were performed on a single Catepillar Model No.
3408 Series Diesel Engine using a combined catalyst mixture comprising 144 ml of a
mixture of water, 2.4 mg/ml H,PtCl,.6H,0, .4 mg/ml HReO,, .28 mg/ml RhCl,, and
.28 mg/ml AICl,, and a liquid comprising equal parts ethylene glycol and water and
5400 ppm by weight LiCl to bring the total of the combined catalyst mixture to 650
15 ml in the catalyst chamber. Using the same sparging process described in Example 1,
the catalyst particles were carried to the combustion chamber. Unless otherwise
indicated, 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 gal/hour of fuel
consumption. Under 85% load, the Catepillar engine ordinarily consumes
20 approximately 23 gal/hour. Thus, the catalyst mixture was run 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.
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particles being attracted to netallic surfaces of the engi ne and exhaust
causing a tenporary thin catalyst coating to form fosNOYEMHER200M t he
inner walls of the conbustion chanber. This may contribute to extending the
benefits of the catal yst 20 beyond the tinme where the catalyst is being
actively davoeresd2 It is therefore believes that the dRGVESHOGSTS t he

catal yst could be cycled on and of fperiodically during engine operation
with simlar benefits, while using | esser amobunts of the catal yst

conposi tion 20 15 FesERORER 2005 WO 02/ 090632 PCTi USJPO6YB Tor si ona
Vibliggrat An electronic inductive pickup (tachoneter sensor) ofa CSI 2120A
Machi ne  Anal yzer Wsisg awetr brokeengingrdenqrogmgterntie horsppoxter Orp) Ofﬁ}ftﬂ"émF reflects
the engine's torsional vibration without catal yst being sparged 5 fromthe
cat al yst m xt waemedasted Withoatnhg akljtioard cathlgsttoths icombibistion bhabeoandofounde engi ne
with catalyst being stabled into the engine. In Table I, "Overall (GDO" is

the differengteiBodtedy eps WiRinwkeshtdIBa s garel Srom M catalgst ntietureaothenean
square of the relative average degree of change of all measurenents, "Load"

i ndi cat 65t hatorfiRrioPddinBesS thikbReRRE 8f ihBendhe AN PRbe S2RBM This
revol uti'ons per mnute, and RPS" is 10 revolutions per second. As

demonst rated edebhgads iAISin biRcRAIRG %ba%ﬁgéuwa Heh hRkryse of Che

catal yst of t sent I nvent ustion nber

Overal | (6-DG), and RNVS reased he RPS incr b rotation.
Tabl e 1. SUW%WW&PU%%P@%@ e i e ey e S Gpilata
Catal yst Wth Catal yst

without the addition of catalyst into the engine combustion chamber.

Harmful Emissions
10 Using various standard harmful emissions detectors, it was found that a 79 %
reduction in opacity, a 60 % reduction in carbon monoxide and a 66 % reduction in
hydrocarbons in the exhaust from the engine resulted when catalyst was sparged from
the catalyst mixture into the engine combustion chamber as compared to the same
engine operated under the same conditions without sparging 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 believed
that the delivery of the catalyst could be cycled on and off periodically during engine
operation with similar benefits, while using lesser amounts of the catalyst

composition.
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Overall (G 0.1099 degrees0.1022 degrees DC) RVS0. 1093 degrees0. 1018 degrees
Load100%400% RPM20552115 RPS34253526 Tabl e 2 refl ects 156 NOVENBER200H1 t he an
nonaural vibration for the harnonics of the engine's vibration with the
addition of catalyst particles to the conbustion air intake stream Table
2. Sunmmary W9 0Zgpes2 onal Vi brati on Harnonics 21 15 NOVEVBERTARIZ0GATS 0210] WB2
10 PCT/ US02/ 06578 Harnmoni cs% 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
orsional Vibration

An electronic inductive pickup (tachometer sensor) of a CSI 2120A Machine
Analyzer was used to measure torsional vibration.

Table 1 reflects the engine’s torsional vibration without catalyst being sparged

5 from the catalyst mixture into the engine, and the torsional vibration of the engine
with catalyst being sparged into the engine. In Table 1, “Overall (G-DG)” is the
difference in degrees between measurements, “RMS” 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 (G-DG) and RMS decreased, and the RPS increased by a full rotation.

Table 1. Summary of Torsional Vibration - Static State

Without Catalyst With Catalyst
15 Overall (G- 0.1099 degrees 0.1022 degrees
DG)
RMS 0.1093 degrees 0.1018 degrees
Load 100% 100%
RPM 2055 2115
20 RPS 34.25 35.26

Table 2 reflects the change in the engine’s torsional 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
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500-5 07 Wth (ass vibration and a faster engine, nore of the energy of the
fuel oxidation is returned to the engi ne as power ratlaNOVENEBERIO0Y| br ati on.
Reductions in is the torsion or a dynam c torque of the engi ne neans that
the engine is running snoother and that there is |l ess strain on the and
bearings a0 M7A63Beari ngs, resorting in a |onger engi neP¢THY¥W205574 5
NOVEMBER Hit WO 021070632 PCTnSU2J106578 Ul tra-sonic Energy The ultra-sonic

ener gy of thereng-re—was—ABasu-ed—usthrg—gi—speetHc—aceeterorreter—gfa CSl
2120A Machi ne Hmakmker Tabl e 3 reflects |th€hadgera-soni c energy of the
engi ne wi t hou ranped[fromtne cataryst mxture fjnto the

engi ne, and th@5%ltra-sonic energy of the¢ 2%ngi ne Wi th catal yst bei ng
sparged into .pgoenglne In Table 3, "RNB_z's the root nean squaiijof t he
ultra-sonic wave_farm "load" indicates fhat the engines were —gperdting at
100% | oad, "RPMyi s revolutlons per m nutle3 "RPS" is revol utions per
second, PK(t)rart—PK{——represent—respettivety—the—posttiveandnegati ve
peaks of5 10 th25@i brations in standard uni-fs, and "CrestF" is the ratio
bet ween the ayerage and the peak value. |[lable 3. sumary of U tra -jsonic
Energy 15 20 WP%out Catal ystWth Catal y§r2RVE6. 647. 10

0.

3.50 -24
4.00 -24
4.50 -6
10 5.00 -5
5.50 7

With less 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
15 the torsion or a dynamic torque of the engine means that the engine is running
smoother and that there is less strain on the rod bearings and main bearings, resulting

in a longer engine life,
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Load100%400% RPM20732116 RPS34.553526 PK(!)21.4226,33 PK(-)17.3719.28 Tot al
(PK(+) + PK(-))38.7945.61 Create3.233.7 The ul tra-soniis NOYEMBERZ00S

reci procating engine is an indicator of the power and snootiness of the
engi nes Wien the ul na-sonic energy increases, this is an 25 indication that
the fuel covwoest7osdn is nmore powerful and nore even. More BERS02/045793
15NOVEMBER200S WD 02/ 070632 PCT/ US02/ 06578 rooke an the power inpulse.is
ei ther stronger or_longer. Accordingly, the tests indicate approxinmtely a
3.3 dB or 8.13 % iB¥asasieEngrekhe ul trasonic energy (when averaged over
cylinders 1,3,5,a nd 7) of the engine through the use of catalyst within
the combustion ai r Thesulcosqee edrgye! ths eogine wgsmeasyredhsing epsesficon air. 5 The
f oregoi ng enbodi ments and exanples set forth herein were presented in order
to best expl aadtelefotnepsrof e SI 2 MoAMachineaArthlyzers practi cal application and to
thereby enable those of ordinary skill in the art to make and use the

I nvention- However,y,d Qim0 ¢ Aﬁruﬂwgbme ekl H)f!h@ chdifie Rihott LAtaly§Be@Bi Ze t hat
t he foregoing description an exanp es ave been presented for the purposes

of illustration gex I B rj pit Sebndi & §fnd S not
i nt endedSt to b@paég?ﬁ W @ngatellyatngx bt %ojt ?1&%1? %V%Iﬁttbgﬁltrtg} ﬁ 3 r%{ ec? se farm
di scl osed. Many  nodj fi ns and varl I ons t@l V\W ren to a
person ski | | e898iR¢ Wik aéaj B‘émg ﬂ{%&?{]g&o eB%m?n a’f?&g%’y cope of
this invention as defined by the acconpanying ¢l

mean square of the ultra-sonic wave form, “Load mdlcates that the engines were

operating at 100% load, “RPM” is revolutions per minute, “RPS” is revolutions per

second, PK(+) 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

Without Catalyst With Catalyst
RMS 6.64 7.10
15 Load 100% 100%
RPM 2073 2116
RPS 34.55 35.26
PK(+) 21.42 26.33
PK(-) 17.37 19.28
20 Total (PK(+) + PK(-)) | 38.79 ' 45.61
CrestF 3.23 3.7

The ultra-sonic energy of a reciprocating engine is an indicator of the power
and smoothness of the engine. When the ultra-sonic energy increases, this is an

25 indication that the fuel combustion is more powerful and more even. More powerful
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24 J5 NOVEMBER 2005 C ai med stopped is 1. A nethod for oxidizing a fuel,
conprising' . providing;, a catalyst m xture including asNOYEMBER 2005
concentration of at |east about 0.07 ng/m of Al as AIIC 3, a
concentration of at |east about 0.t ng/mof Re as penitents acid, a

concent at i YO @¥078432| east about OP7 ng/m of Rh as Rh",, RGTAW2BGHcentration
of et |east about 0.28 ng/nl of Pt as H21lrhel 5H,0; m a potion to the

catalyst mxture with conbustion. aif prior to mxing she catalyst mxture
with & fuel tBAEECEPORE MpHE® o BYCPYTERY PRsr ACcorBsndPrBaor cl aim 1
further conprising adding a liquid to_the catalyst mxture before mxing It
with the comblidica pRPximately Tha dBAriod %8 ncfegseinshe Wiasninenergy (P"’:ﬁ&‘hi d
conprises one or nore |iquids dom _the group none sting of ethylene glycol
and wat er. Thavermgehoyer 6¥lindersilnd, 3anhbroé ths engiae threpgh dher use Oheatalyd Mighins e s
lithiumchloride. u 5. The nethod of claim| further conprising sparging a
gas Trough t hthecamhbisyist air a$ cdmpagedtto ngeatalysitirethe kernblistienl aicat al yst particles to
me Wn the conbustion O o. The nmethod of claim5, further conprising

i oni zi ngs t he spaci g f5RBoiAE SMbbdimestP Afdkixaplet sdt rftigtReih MRreGREBht¥SIn M Xt ure
The nethod of claim 5, whérein the scanning gas is selected fromthe group

consi sting of &b, el ielibinMhd 5E2A nvékiBP thd B HaditibbpRttioNad 6 1Ry O The
wh h &

met hod of clarmwherein the catalyst mxture furt conprises one“or nore
wher el ot di SIS R OF e epomY PRt Tk AR e it o R ot P e
those of ordinary skill in the art 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 form disclosed. Many modifications and variations that may be apparent to a

person skilled in the art are intended to be included within the scope of this invention

as defined by the accompanying claims.
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25 15 NOVEMBER 2005 10, the nethod of dawn 1, wherein oxising the fue
conprises oxideory the fuel in an enclosed flane. TheNOMENBERZXT| aim 1,
wherein oxidizing the fual conprises oxidizing gasoline. Tae nethod of
claimt wherein oxidizing the fuel conprises oxidizing diesel 10 The net hod
of claim1, wherein oxldithg the fuel conprises oxidizing a fuel rotation

fromthe group consisting of cunber 2 fuel oil, dim oil; refined from
crude oil, diesel fuel, gasoline. conpressed or liquified nature: gas,
gasehol, any hydrocarbon having one or nore carbon atons such as net hane,
et hane, prepare bonne, isobalLane. toluene, xvlene, coterie, bematures of
al .ato hating nemanol , ethanol, propano |, butanol, |sopropano,

| sobut anol. anol hexem | haptanal . actanol and connotations thereof,
veget abl e of Ay alis 8RinkRid r' mners! oil, coal. coal gas, asphalt vapor,

oxi dizable Vision S 'can chem cal processes, wood caper and conbi nations
thereat. 14. The nethod of Balm 1. wherein oxidizing the fuel conprises
oxi dTZing w thitn a A aethoust badziehanbecongfisiag:r eci procati ng engi ne sel ect ed

fromthe group Consplég\%iénqr:ggigartm%t ﬁ{??u% m%\ﬁduﬁg cﬁllea?pagéom\cgm%ﬂgw & agfe sg%!)ouft ueI

engi ne. _ nethod of rises s oxidizing t
fret wthin3corium & obanbe asfiCh, @%\C@ﬁ@mqfﬁgleéfﬁgb%éo Wh@medtRetehe f ueI

} s sel eczI ed f Ir omdt h&rﬁéﬂé‘@c&@ QRsheehiralen of ot RUSHB6ULD. d—?’an%/ml' & dral %r@u t refi : ned
rom crude ni i esel duel conpr.esse nat ura
ties, gasehol any hYBrRRArHYATN 8#&&58ﬁ8mgﬂ&HBWgP§§%Bahqﬂggh ‘'such as

nmet hane et hane, prapamggpmmemsﬂhm@m%mEmmeOmebGMSﬂpn@cmameonb@mzmne,
unusual of catalyst mixture with a fuel to be oxidized; and

10 oxidizing the fuel.

2. The method of claim 1, further comprising adding a liquid to the catalyst

mixture before mixing it with the combustion air.

5 3 Ths method of claim 2, wherein the liquid comprises one or more liquids from

the group consisting of ethylene glycol and water,

The method of claim 3, wherein the liquid further comprises lithium chloridz.

FLN

20 5. The method of claim 1, further comprising sparging a gas through the catalyst

mixture to generate fluidized catalyst particles to mix with the combustion air.

5, The method of claim 5, further comprising ionizing the sparging gas prior io

sparging it through the-catalyst mixture.

7. Tne method of claim 5, wherein the sparging gas is selected from the group

consisting of air, helium, nitrogen, argon, and combinations thereof.

8. The method of claim 1, wherein the catalyst mixture further comprises cne or

30 more of manganese, iron, magnesium, molybdenum and cerium

w

The method of claim 1, wherein oxidizing the fuel comprises oxidizing the fuel

in an open flame,
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al mhoi s havi ng net hanol, ethanol properml, bulanol , |sopnpano i scbul ano
penano |. hexanol. heplanol , octant and conbi nati on$s NOEEMBER 20d8get abl e
oil 2b such as corn di mneral oil, coat coal gas, asphalt vapor, oxoizeble
vapors from chem cal processes, wood paper and conbi nations thereof 12 The
met hod of claim 1 wherein oxidizing the fuel conprises oxidizing within a 5
fame zone of an apparatus seected fromthe group consisting of a furnace ,6
better and an incinerator. The nethod of claim1l, wherein oxidizing [he the
further conprises cans no wthin an apparatus selected fromthe group
consisting of an incinerator, a vent gas burner, a furnace, a steamturbine
and conbi nati ons thereof. The nethod of claimt, wherein providing the

catal yst m xture has conprises providing the catal yst manure having a pH of
toed than occur 4.C. 15 19 The nethod of claim18 wherein providing the

catalyst in clups further copprises providing the nmeager m xture ving a pH
of between about” 14%%151‘3@8@8{13%”7‘6:“’ o %‘gﬂ'}‘é{’ﬁ@&‘ WP%F%&%%' @%%Fa'i n
provi di ng he cat al ystarmnxtoseddialddeor conpri ses provi di ng the catal yst nound
raving in pH 0 between about 1.6 and about 23. The nethod of claim1,
wherein tiro catalyst in spite author conprises a The nethod of claim 2,
wherein the 3 quid fletrsiod@bapr s waerginoypiziag therfee! comprisRe OX@ERdd of claim 1,
wherein m xing a pogtigfre.of the catalyst with the conbustion air conprises
transporting the catalyst insurers to a conbustion 30 air Intake to the

flame acre and, mxing the catalyst with the conbustion air wthin the air
i nt ake. 12.  The method of ctaim 1, wherein oxidizing the fuel comprises oxidizing diesel

fuel.

oA
(€M)

The method of claim 1, wherein oxidizing the fuel comprises oxidizing a fuel
selected from the group consisting of number 2 fuel oil, fuel oil refined from
crude oil, diesel fuel, gascline, compressed or liguified natural gas, gasohal,

any hydrocarbon having ane or more carbon atoms such as methane, ethane,

—-—
(941

propane, butane, iscbutane, loluene, xylene, octane, benzene, mixtures of
alcohols having methanol, ethanol, propanol, butano!, isopropanol, isobutanol,
pentanol, hexanol, heptanol, octanol and combinations thereof, vegetabie oil
such as corn oil, mineral oil, coal, coal gas, asphalt vapar, oxidizabie vapors

from chemical processes, wood, paper and combinations thereof.

3

)
[

14, The method of claim 1, wherein oxidizing the juel comprises oxidizing within a
combustion chamber of a reciprocating engine selected frem the group
consisting of a gasoline fuel engine and a diese! fuel engine,

Tha method of claim 1, wherein oxidizing the fuel comprises oxidizing the fuel
within & combustion chamber of a reciprocating engine, wherein the fuel is
selected from the group consisting of number 2 fuel oil, fuel oil refined from
crude oil, diesel fuel, gasoline, compressed or liquified natural gas, gasohal,
any hydrocarbon having one or more carbon atoms such as methane, ethane,

20 propane, butane, isobutane, toluene, xylene, octane, benzene, mixtures of
alcohols having methanol, ethanol, propanol, bulanol, isopropanol, isobutanol,

pentanol, hexanol, heptanol, octanol and combinations theraof, vegetable oil
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27 24 _ The nethod of claim1, wherein a ratio of of to Rhin the mxture is
between about 15 to 1 and about 4 to 1, a ratio of PapNOFEMBERE0N xture is
between about 15 to | and about 2 to 1, and a ratio of Pi tolY in Ina

m xture is between ,bait 15 to 1 and about 2 to 1. 5. The nmethod of claim
21 wherein Are ratio or Pl to run in the nom Is-Dart E. 5 to 1, the ratio
or It to Reinthe mxture's about 6 tot and the ratio of Pt to Al i n the
m xture is about 8.6 to 1 . 10 25. A nethod for oxidizing a fuel comopn pro.
providing a catalyst mxture including at |east a concentration of at |east
about 0.07 ng/m of Mg as Mg a concertration of at vast about 0 f nl
of Re as perrhenio acid, a concentration of at |east about 0.07 ng/m of
Rh as Rh CI " any a comment dean of at 1, act about 026 nglm of It as
rnPfd &H 0 1 5 m *4f a8cHRE kA b [BS, &amgya%hgmgw&sa&atbr@_\%esrpustI on
air prior to mxing the catalyst mxture wth a Jul fto be oxidized, and
oxi di zing the fuel.T@7camie! PREIFERF WPOL PARCHPERFOMORAHINE N pr i si ng addi ng a
liquid to the catalyst 20 m xture before mixing it with the conbustion. air
The met hod of cl.aim27 erein. Li qui d. rd n digquid from
t he group consi a7 nglzho%mgevﬁ%{/(ﬁgﬁﬁ gﬁ%"g %‘%&F“%‘rfeef@%Q&ﬁ%&%‘?ﬁ%ﬁ“@ g‘r]cl aim 28
wherein the biquid filamarone canarpgelys séieatdt fipm bk borp densBinareie furaedsod of
claim 26 further conmpibsSimdGnsRaeekdd a gas through the catalyst mxture to
generate fluidized catalyst particles to into Wth the conbustion air. 30

17. Tha meathod of claim 1, wherein oxidizing the fuel further comprises oxidizing
within an apparatus selected from the group consisting of an incinerator, 2

10 vent gas burner, a furnace, a steam turbine and combinations thereof,

18. The method of claim 1, wherein providing the catalyst mixture further

comprises providing the catalyst mixture having a pH of less than about 4.0.

[$]
ey
[{s]

The method of ciaim 18, wherein providing the catalyst mixture further
comprises providing the catalyst mixture having a pH of between about 1.4

and about 3.0.

20. The method of claim 18, whersin providing the catalyst mixture fuither

133
(o]

comprises oroviding the catalyst mixiura having a pH of batween about 1.6

and zbout 2.2.

(%]
-

The method of claim 1, whearein the cafalyst mixture further comprises a

surfactant.
25
2z, The method of claim 2, wherein the iiquid further comprises a surfactant.
23. The method of claim 1, wherein mixing 2 portion of the catalyst with the
combustion air comprises transporting the catalyst particies to a combustion
30 air intake to the flame zone and mixing the catalyst with the combustion air

within the air intake.

27



The met hod or claim 20, further conprising ionizing the sparging a gas prior
to sparging it through the catal yst nmixture . 28 15 NNENBMRERGOG The

met hod of claim 30, wherein the sparging gas is selected from the group
consisting air, heliumnitrogen, argon, one conbinations thereof The nethod
of claim26. wherein the catalyst m xture further conprises one or This of
manganese, iron, magnesi um nol ybdenum and cerium 34. The nethod of claim
26, wherein oxidising the fuel conprises oxidizing | ha fuel in an open
name. The nmet hod at cl aim 26, wherein oxidizing the fuel conprises oxidizing
the fuel in an enclosed flanme. 36. The nethod of claim 26, wherein
oxi di zing ma col conprises oxidizing gasoline. The nethod of claim26
wherein oxidizing fire fuel coin photo oxidizing diese;. fuel. 96. The

met hod of cl ai np26, Twaenshoa combidi Nghéhe afreid of POt is ¢ roixiudi ingetaedruel 20
selected fromthe grou nsi St | n (P22 Ly I Qi d..refined
fromcrc oil, diesef%P@é%?o33@%%?%5?%80%%E§§g%é£§§h1$%hwﬁ¥?§&%ﬁ§%ﬂral gas,
gaso any hydr ocar barobtahFiie§y anthebogt 2 torfpprd aifabio ol Pig Arsthe mixiurgds PaMRGHe.

et hane. propane, cr@ps.+sib$aRYESE7 10 it Ol uene, xyl ene. octane. beizene. m,
unit lo all _faving nethanol, ethanol. propanol butanol, isopropanol,

i sobutanol, 2: pe nol, hexanol, heptanol, octanol and conbinations . thereof
veget abl e of spghasTHeehdihaidf claim 21, @hdrein treoatio of Po@lRrgasheasipload it avapor .
constabl e pool  fromg chemGaly Rk BEETR i Ak Uiure iFRBSs BNEaRARDIRAGL ANS

t her eof
to Al'in the mixture is about 8.6 to 1.

10 28. A method for oxidizing a fuel, comprising:
providing a catalyst mixture including at least a concentration of at least about
0.07 mg/mi of Mg as MgCl,, a concentration of at least about 0.1 mg/m! of Re
as perrhenic acid, a concentration of at lzast about 0.07 mg/m! of Rh as RhCl,
and a concentration of at least about 0.28 ma/ml of P{ as H,PtCly6H.C;

15 mixing a portion of the catalyst mixiure with combustion air prior to mixing the
satalyst mixture with & fuel to be oxidizad; and

oxidizing the fuel.

~

The method of claim 28, furthar comprising adding a liguid fo the catalys:

N3

20 mixture before mixing it with the combustion air.

28, The method of claim 27, wherein the liguid comprises one or more liquids from

the group consisiing of ethylene glves! and water.

25 2@ The method of claim 28, wherein the liquid further comprises lithium chloride.
30. The method of claim 28, further comprising sparging a ges through the
catalyst mixture to generate fluidized catalyst particles to mix with the
combuslion air,
30

—

The melhod of claim 30, further comprising ionizing the sparging gas prior to

()

sparging it through the catalyst mixture.
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39. The nethod of earth 26, wherein oxidizing the fuel ri ses oxidizing
within 30 o conbustion chanber of reciprocating englhéNQgEM@?&f?%on1tle
gnmt consi sting of a gasoline fuel engine and a diesel fuel engine. 29 15
NON EMBER 2005 40. The nethod of delta 26, wherein oxiding the rue;
conprises oxiding the fuel wthin a conbustion chanber of a reciprocating
engi ne, wherein the bet is selected fromthe group consisting of nunber 2
fuel all, fuel oil refined from crude oil, diesel fuel gasoline, conpresses
or liquified natural pas, gasohol any hydrocarbon having one or nore carbon
atons such as net hane, oal ane, propane, butane, isobutane, toluene, xylece,
phone, benzene. m xtures of al cohols having nethanol ethanol, praponal,

but anol, tothurr no:, |sobuanal, pentanol, 'external. heptanol, octanol one
conbi nati ons t hegeof 1%&9@50@1‘& €230, s/u@rbmass spar@lnglgamsrteha:bd obrh thecp@lp, coal
gas, asphalt vapor, OXIrIS rom chem,cal rpcesses, wood

paper and conblnatldﬁg“ﬂ 'r?ﬁgghe@ﬁgﬁ m'mkﬁa|%¥§%““ Yerern oxi di ng the

fuel conprises oxidizing mnthln a thine zone of an apparatus sel ected from

the group consi sti ngrif,@ndaW: &Gim 6, wﬁereﬁ'ﬁle@ataﬁ@@nﬁﬂré fﬂﬁk‘xd?%f)@&r%’és ondl¢ et hod

of mai m 26, wherein OXIdIZIng to, fuel further conprises oxiding w thin
err apparatu8 sel ectré%fePr'Bﬁﬁ‘&aﬁésecb‘?ﬁ;F@@’ieﬁﬁ”‘o‘ﬁ“"'&kﬁjaﬁf’ﬁﬁnﬁaeré“"burner a furnace,
a steam turbine and conbi nations thereof 2c 41. The nethod of -term 26,

wher ei n providi he catal yst m further . conprises provi he
catal yst m xtur gghaw iYg methOd?/-CI’% S %a%s rﬁ'ar?x'da guthe 4” ”Bomp, S'Thgx'éD l?ﬁwtlh%lg’o'f claim
43. wherein prOV|d|ngaUh§H6aﬂalyst mature turner conprises providing the

catal yst m xture having a p4 of oe wean about 1 4 25 and. u, 30.
10 35 The method of claim 26, wherein oxidizing the fuel comprises oxidizing the fuel

in an enclosed flame.

38. The method of claim 26, wherein oxidizing the fusl comprises oxidizing

gasoline.

s
[6)]

37. The method of claim 26, wherein oxidizing the fuel comprises oxidizing dieszl

fuel.

(o8]
(683

The method of claim 26, wherein oxidizing the fuel comprises oxidizing & fus

20 selected from the group consisting of number 2 fuel oil, fuel il refined from
crude oil, diesel fuel, gasoling, compressed or liquified naturai gas, gasohol,
any hydrocarbon having one or more carbon atoms such as methane, ethane,
propane, butane, isobutane, toluene, xylene, octane, benzene, mixtures of
alcohols having methanol, ethanol, propano!, butanoi, isopropanol, isobutanal,

25 penianol, hexanol, heptanol, octanol and combinations thereof, vegeiable oii

such as corn oil, mineral oil, coal, coal gas, asphalt vapor, oxidizable vapors

from chemical processes, wood, paper and combinations thereof.
28. The methad of claim 28, wherein oxidizing the fuel comprises oxidizing within

30 a combustion chamber of a reciprocating engine selected from the group

consisting of a gasacline fuel engine and z diesel fuel engins.
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The nethod of claim44, \Werein pressing the catal yst nount- further
conprises providing the catalyst m xture having a pH 5 NO¥ENBER 8pout 16

and about 2.2. 30 46. The nmethod of claim 26, wherein the catalyst m xture
further tern Si-:octant 30 15 NOVEMBER 2005 The nethod of claim 27, wherein
the liquid fat her conprises a sertaeten 48. The nmethod of claim 26, wherein
m xing a portion of the catalyst with P. co. conbustion air conprises
transporting the catalyst particles to a conbustion air intake to the pare
zone and mxing the catalyst with the conbustion a0 wthin the air Intake.
43. The nethod of salon 26. wherein a ratio of Pt to Rhin the mxture is
between about 15 to 1 and about 4 to 1, a ratio of Pt to Re in the m xture
is between IS about™ 5 to | and about 2 to 1, and a ratio of Pt to My In the
accede |I's between abeuetddd df Giain mwdnaaaumdlang MeXuel b@m;ﬁf&bﬂ@ﬂdiﬂiﬁg ok Alem 46 .
wherein the ratio of t.he ratio of

1
Pt to Re In the ni xtVﬂF@ ?Oénbaﬁtbo{]t&‘%[”%f%o?(a "“‘“W&"%'H%e”?‘”%w ref”[”‘e 8'%e in the
uni ons- |s about 86 sectkdfatmdhygbumdorsisting of mumbgs@ fuehoit he! gigrigedtroon of

fluidized catal yst pafdddfl cﬁésef 1951 ngbane co%%é‘ndbr iif g rpa%r9|0¥§tga%h§lt ure
conprising: a concentration of rO or east abotR mg/ nf a

conors, indodr of dlﬂ‘yéﬂédrﬁl’?r@” haldp Gone %H@[ﬁca@@?‘w $HCh aé"@&?ﬁ&%ﬁfhﬁ%ﬁl on of
he, as penhenic aci thredank gagdne plkiutans, toldenk paihe MNatdit, Rderd, GXaeaId r at i on of

A, as A Q/ at laser O%Q\QH%VI%C{]QZW%{ @’ﬁal?o% prc%%%gl Q’Lﬁgnomlsog%gano? sog& r&Sl wh

rchu bra Catal yst m Xt
pentanol, hexanol, heptanol, octanol and combinations thereof, vegetable oil

such as corn oil, mineral oil, coal, coal gas, asphalt vapor, oxidizable vapors

10 from chemical processes, wood, paper and combinations thereof.

41, The method of claim 26, wherein oxidizing the fuel comprises oxidizing within
e flame zone of an apparatus selected from the group consisting of a furnace,

& boiler and an incinerator.

a~
[\

The method of claim 26, wherein oxidizing the fuel further comprises exidizing
within an apparatus selected from the group consisting of an incinerator,

veit gas burner, a furnace, a steam turbine and combinations thereof.

g
o
s
¢

The method of claim 26, wherein providing the catalyst mixture further

comprises providing the catalyst mixture having a pH of iess than about 4.0,

44, Tha method of claim 43, wherein providing the catalyst mixturs furthsr
comprises providing the catalyst mixture having a pH of between about 1.4

and about 3.0.

iy
wn

43, The method of claim 44, wherein providing the caialyst mixiurs further
comprises providing the catalyst mixture having @ pH of betwsan about 1.6
and about 2.2.

I
>

The method of claim 26, wherein the calalyst mixture further comprises a

suriaciant.
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sort sus aqueous acid wherein the catalyst mature In a%esous ph _or |ess

Lt ah about 4.0. The catal yst mature of claimo2, wher&

OYRMBERI&Bus acid is

avuea5 hydrochloric one 30 54. The Catal yst modem of claim 51, wherein the
catal yst mature in agueous ac-, has a ph of between about 4 and about 3.0.

31 15 NOVEMBER 2005 55- The
catal yst m xture in agueous
50. The catal yst m xture of
5 substantially equal
m xture of cal m 55,
10 n8. catalyst mxture't m

catal yst m xture of claim5l, wherein the
ash Les a rhi of between about 1 2 and about 2.
claimb51, further Conprising a liquid conprising

s of ethylene glycol and water. The catal yst

conposing one or nore of LiCl, NaCl, and HCt.
xture of claimb51, wherein the catalyst .m xture

fabler. conprises a surfactant selected fromthe group consisting of

et hyl ene gl yw , 47 pr apyhenedet y6el27, neidame liquetuhagabmppses pasnobctdut anol |
pent anol hexancl ,

conbi nati ons t hereof.

soccov hare isocutyl alcohol. chicane oil. and
Toe catal yst m xture of claimb51, wherein a Lend or Pt

to Rid in the nm&turigeinsthod oSuteim 28hehgrein Bixng alpogied chthe getalysttvathine g rati o of

Pt to Re in the m Xty

rate of It to al
20 'o_ The catal yst @G Nedeme sgne %ﬁ@i"é“%t ?Fﬂéa’Yséf"i'tB”’t?f“oﬁBP“?“Bngll 1,1 [he
had Lure o 119 6 mvinttiesighekof Pt m Remthe mixture is about 6 to ' and

the ratio of

Suditn alp%r?ﬂﬂ?x@& t@atﬂ%gﬂ g and &téys%‘éh @&qwa Smb@&tidn and a

e mxture is defaced about 15 to . and ahom 2 to 1.

rais AOin he mataa is about 86 to |l 61 . A Cataiysf mxture

for use In the generatlon of flu dioud catalyst particles of

-
(91
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<
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The method of claim 26, wherein a ratio of Pt 1o Rh in the mixture is between
about 15 fo 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 ratio of Pt ta Mg in the mixture is

between about 15 to 1 and about 2 to 1.

The method of claim 48, wherein the ratio of Pt to Rh in the mixture is about
8.5 to 1, the ratic of Pt to Re in the mixture is about 5 to 1, and the ratic of Pt
1o Mg in the mixture is about 8.6 {0 1.

A catalyst mixture for use in the generation of fluidized catalyst particies for
fuel oxidation, the catalvst mixture comprising: & concentration of Pt, as
H.PICl. BH,0 at lzast about 0.28 mg/mi, a concentration of Rh. as RhCl; at
least about 0.07 mg/mi, a concentration of Re, as perrhenic acid at least about

0.1 mgimi, and a concentration of Al, as AICl; at least about 0.07 mg/mil.

The catalyst mixture of ciaim 51, wherein the catalyst mixture further
comprises agueous acid, wherein the catalyst mixture in aqueous acid has a
pH of less than about 4.0.

The caialyst mixture of claim 52, wherein the agueous acid is agueous

hydrochioric acid.

The catalyst mixture of claim 51, wherein the catalyst mixture in agueous acid

has a pH of between about 1.4 and about 3.0.
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fu_eon, the catalyst mxture eonpr!ns a concentration of Pt as HPIC,

6H20 at | east about 028 ngCnt, a concentration of Rh, 1a¥ONEVBER200Tast about
007:n;inm a concentration of Re, as per muns acid at |east about ol net/n
and a wcoNmt themof My, as M5gQ at |east aboul 0.07 ng/m . 30 62 -na cata
iysi mxlu e or claim®6l, wherein the catalyst mxture further conprises
aqueous acid, wherein the catalyst mxture in aqueous acid has pH o' |ess

t han about 4s) . 32 6 NOVEMBER 2005 The catal yst m xture of claim 62,
wherein the aqua Ls acitl is aqueens hydrochloric acid Tne catal yst m xture
of Gam 61 wherein the catalyst m xture In aquens ao has a pH of between
shout 1 4 and about 3.6. The catal yst m xture of otal m 61 wherein she

catal yst m xture In aeaeous ace has a pH of between about 1 5 and nost 2 'A
66. The cat al ysts5.m XtHarcataybt raigtlir ob dizitrcdinehereio Mprdagiyagmaturd Qubckoneagd i Si ng

substantially equa sh f wat er. The catlysL m xture
of claim55, lurt ha?r %rjﬁ% or%&%é gb%upjé%a%oa ka t, end HCl. The

catal yst m xture of cIa|m61 vvhereln the catal yst mixture Hotter conpri ses

a surfactant sekgct efhgfd %@W‘sttrﬁ%u&rd@b@mﬂﬂnﬁjhﬁérlc&ﬂpr%fng%t RyldeBepadivcs! -
oropyene gl ywW nethanol, ethano per fnol hereto

sopropy al coRol !, i s%’Bﬂ?@}]a"ya‘?O(’:‘B‘rP&ftEOf CP@@B?@W‘C?VE'” ¥&®conbi nat i ons t her eof .

The cat al yst m xturo of claim 6l , Whereon a Je of Pto RnIn the mxture s
bet ween about 1%7.“) T]he%ggly@tq.cﬁgthre%fagn#ﬁs, %rtﬁetr'cgmﬂr'fsirgton‘é%r Ha% df'ﬂidﬁam,Xt S_Is

and HCI.

10 38 The catalyst mixture of claim 51, wherein the catalyst mixture further
comprises a surfactant selected from the group consisting of ethylene glycol,
propylene glycol, methanol, ethanol, propanol, butanol, pentanol, hexano!,

isopropy alcohol, isobutyl alcohol, silicone oil, and combinations thereof.

15 58 The catalyst mixture of claim 51, wherein & ratio of Pt to Rh in the mixiure is
between about 15 to 1 and about 4 to 1, a ratio of Pt to Re in the mixiure is
betwsen about 1516 1 and aboul 2 to 1, and a ratic of Pt to Al in the mixture is
between about 15 to 1 and about 2 to 1.

20 &G The catalyst mixture of claim 28, wherein the ratio of Pt to Rh in the mixiure is
about 8.€ to 1. the ratio of Pt 1o Re in the mixture is about 6 to 1, and the ratio

of P ic Al in the mixture is about 8.6 to 1

1. A catalyst mixture for use in the genzration of fiuidized catalyst particles for

3]
[#1]

fuel oxidation, the catalyst mixture comprising: @ concentration of Pt, as
H:PtCl;. 84,0 at lsast about £.28 mg/ml, a concentration of Rn, as RhCl; at
ieast about 0.07 mg/mi, a concentration of Re, as perrhenic acid at least about

0.1 mg/mi, and a concentration of Mg, as MgCl, at ieast about 0.07 mg/ml.
30 82 The catalyst mixture of claim 61, wherein the catalyst mixiure further

comprises aqueous acid, wherein the catalyst mixture in aqueous acid has a

pH of less than about 4.0.
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net ween about 15 to 1 end about 2 or 1 and e ratio a=t to Mc in nme. mxture
is be.wean about 16 is t and about 2 to 1. The catal y3t NOVEMBER 8 clan 69
whereto the and of Pt to. Rhin the mxture is about B5to 1. Hs ratio of
of to Re in he nbwe is about 9 tol. and the ratio nr It to My in the

m xture is about 6.6 to 1_ 39 Ti. A fuel oxidation systemconprising: a
fame zone for dashing Pat a catal yst chanber haying a m %% e of catal yst
particles therein, the notors of reelect pahol es conposing: 31 15 NOVEMBER
2005 a, | east one conpound having at | east one el enment selected fromthe
crap consisting of group Il group 11A and | anthani de group; and at toast
one conpound having at coast one elenent selected fromthe group consisting
of group 1A group | VA group VI group Vii. group VIII group IB. group 1.
and conbi nat i ongst hereabtalysahigiua & akial 625 WhédrbianenmneSenicidps aqfotid transport
catal yst pa ides frqn1thg catal yst chanber to the nane zone. 0 .. .-va
system otaal m 11. whEF@CH14#E % are zone is that of an open fame -he. system
of Claim?7l. wherein toe nane zone is that or or telpea d flare. nme system

of claim1 whergin the SURLEMIuS HEAMPs UhEGeh thestalsZBidurd infaglecust@yren from
the group consstog of gasoline and diesel fuel. S. The systemO7 floin; 71

wherei n the System i SEoHF ¢ Famean abwk]AP¥ee el s.lected fromthe group
consi sting of nunber 2fuuel oil, fuel of m nmed nom

65. The catalyst mixture of clazim 61, wherein the catalyst mixture in agueous acid

has a pH of between about 1.6 and about 2.2.

0 B6. The catalyst mixture of claim 61, further comprising a liquid comprising

substantially equal parts of ethylene glvcol and water,

B7. The catalyst mixture of claim €5, further comprising one or mare of LiCl, NaCl,
and HCIL.
15
B8. The catalyst mixture of claim 61, wherein the catalyst mixture further
comprises a surfactant selected from the group consisting of ethylene givcol,
cropylene glycol, methanol, ethanol, propanal, butanol, pentanol, hexanol,
isopropy alcohal, isohutyl alcchal, silicone oil, and combinations thereof.
20
The catalyst mixture of claim 61, wherein a ratio of Pt to R in the mixture is

o
{8

betwasn about 15 to 1 and about 4 {0 1, a ratio of Pi to Ra in the mixiure is
between about 15 te 1 and about 2 to 1, and & ratio of Pt to Mg in the mixiure

is between about 15 ic1 and about 2 to 1.

0. The catalyst mixture of claim 63, wharein the ratio of Pt tc Rh in the mixturs is
about 8.6 to 1, the ratio of Pt to Re in the mixture is about 6 to 1, and the ratio

of P{1o Mg in the mixture is about 8.6 to 1.

30 71 A fuel oxidation system comprising:
a fiame zone for oxidizing fuel;
a catalyst chamber having a mixiure of catalyst particies therein, the mixture of

catalyst particles comprising:
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coat oil. diesel fuel. gasoline. conpassed or to uiged natural gas, geso m.
any hyJroarbon having one or nore carbon al each as nEtF¥RAYEMBER W@ er ne,
, mxtures of alcohols

but ane. i xabut anevt oWane, xylem o_tane. barcars

havi ng net hanol ethanol, prop Ina i. bulanol, Isoprcpanal,

careful neplanol. oc.anol and conbi nauoos h_eof.

wherein the nane Zeno is a conbustion chanber as

on, diesel Fuel, gasglln e 0
any hydrocarbon 34 15N E%@E%§%8@ ﬁgﬁﬂﬁ\&gﬁ%ﬂ%hME

i sobut anol . acot

vasgn abl e on such as corn
dA. mnera' oil, 'set opt gas. acahall vapo-, oxidizable vapors mm chem cal
pro esses, v.00, gaper e c¢ conbinations | husa. LThe systemof, lairs 71,
reci procating engi ne
selected fromthe group consisting or a gasoline norn mand a diesel ne
engine. so 77. The system of gaan?l,v.tieron the nanme zone is a conbustion
chanber ofa reciprocating engine configured to oldie e fuel is selected
fromthe croup consdt&zkinge@bmpaunbesvirdy #t west coa eleha&tlset&bﬂed frefitimegtodor om et ude

fhup:

re

atyral gas, gasohol.
carbon arans such as

met hane, ethane pr gl legstryelsomnegrad h?‘é’tﬂeﬁpﬁéﬂé’t‘@?'@@ﬁ@‘ selegied fre™ Wy atve,
benzene, nodul es of %ngglﬁgreé’é/l\b‘ygroﬂﬂal&mf?&@Vl, @blAN0lgroup VoI, BeiLp IBIt anot

i sopmd hot, [sobutaro

hept anol ,

oct anol and

conblnatlonsothereofWOWHQ@P&BV@mﬁﬁngﬁfﬁoas corn ob, mineral el, coal, coa
gas, asphalt vapor, aceagbirenspapomgdresin transpantcdalstpediceskenydie ozinysl, paper
and conbi nati ons br an gﬁ%at SeSustemeof claim 71, wherein sectors the not

conpri ses oxidizing M
consisting of a finance z boner and an wt neatnr.

nis v_

caa.cx _ an apparatus selected fromthe group

of oxidizing net,

the method conpriSm The system of claim 71, wherein the flame zone is that of an open flame.

10

73. The system of claim 71, wherein the flame zone is that of an enclosed flams.

74. The system of claim 71, wherein the system is configured to oxidize a fuel

selected from the group consisting of gasoline and diesei fuel.

785. The system of claim 71, wherein the sysiem is configured to oxidize & fual

selected from the group consisting of number 2 fuel oil, fue! oil refined from

crude oil, diesel fuel, gasoline, compressed or liquifizd natural gas, gasonoi,

any hydrocarbon having one or more carbon atoms such as methane, ethans,

24 oropane, butane, isobutane, toluene, xylene, octane, berzene, mixiures of

alcohois having methanol, ethanol, propanol, butanol, isopropanot, isobutans,

ceniano!, hexano!, heptanocl, octanol and combinations thereof, vegetable oil

such as corn oil, minaral oil, coal, coal gas. asphalt vapor, oxidizabis vapors

from chemicai processes, wood, paper and combinations thersoi.

3
»

The system of claim 71, wherein the flams zong is a

combustion chamber of 2

reciprocating angine selected from the group consisting of a gasoline fuel

engine and & diesel fuel engine.

30 77 The system of claim 71, wherein the flame zane is a combustion chamber of a

reciprocating engine configured to oxidize a fue! is selected from the group

consisting of number 2 fuel oil, fuel oil refined from crude ail, diesel fuet,

gasoline, compressed or liquified natural gas, gasohal, any hydrocarbon
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=pagi ng a gas through a cagy |yst m&me conpdsing at not one Plainum re and
at least one conpound pontal nine at east oale of A umTNAYEMPERZIW n or
cerium. rdl catalyst riixme particles with conbustor air prior to eddng
dual; orb a:o z nc ne, in the presence of the catal yst containing
conous.or. di, 8- The nmethod of claimR9, wherein the sparring ease Sel ected
fromthe nocp 20 tosstin, of helium argon, n-ngar, air and conbi nations
noreea due f cox of i:n 72, further conprising |lontzhg the spergjng gas worm
s, re it Inteueh the ca:afysl m xture. Er Tns.nehoc of c.aim9, further
conprising transporting the panda nane |ane under negative prpressure . 83.
-.e nother of elal 79. further conprising Ma establishing a™ataiyst m xture
na _a pH of |ess than about 4.0 prior to sparging the gas through the 30
sata yet m xture. 35alibg ha/EIVBERCZ0Q0t84s suthes netrhod etfene | padpang, butahair t her
conpi ling establishi, S X i n about .4
and about 3.0 prior %% %nggﬁ%k %%KECk% gtﬁﬁ%ﬁgﬁgm ggé% §§m§$£%$§ture 6 85.
A caat al yst nlxture'ﬂ@haﬁ&ﬁﬂﬁﬂ¢dhowmmdﬁﬁﬁﬁq50@%@“@&@8?%@K“@?%@@¥e cenpnsg

about 2 4 nmg/m of Hd:x?r%ﬂh@pta@ﬁ d%tanal%ﬁ&l&or%n%%orf&fléfbofoieg%@e10|l s&b\@dt 0.4
mg/ m of HReCIt and betwee

nd about {ﬂ of at | east
one of Al Eh: Sor 80 TOTEs BN O SAGPE S8, “EHEl 5 SXAHENBLEPEE [ 0 of t to
Rh in the m xture i shehetMeerssdsomtodf pdpet and tombidatabetiterebf.t o 1, a ratio of O
to Re In the mxture is
78. The system of claim 71, wherein oxidizing the fusl comprises oxidizing within &
flame zona of an apparatus selected from the group consisting of 2 furnace. &

10 boiler and an incinerator

uz

A misthod of oxidizing fuel, the method comprising:

sparging a ges through a catalyst mixture comprising at least one Platinum
compounc and at least one compound containing at least one of Aluminum
i) Magnesium or Cerium;

mixing catalyst mixture pariicles with combustion air prior to adding fuel; and

oxidizing fuelin the presence of the catalyst-containing combustion air.

8L, The method of claim 79, wherein the sparging gas is selacted from the group
20 consisting of helium, argon, nitrogen, air and combinations thereof,
81. The method of zlaim 7€, furlther comprising ionizing the sparging gas priorto

25 8z The mathod of claim 78, further comprising transporting the particles (o &
fiame zone under negative pressure.
83 The method of claim 78, further comprising establishing a catalyst mixture
having a pH of iess than about 4.0 prior to sparging the gas through the
30 catalyst mixture.
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of usurp s between about 1 [ to 1 and afout 2 to 1 71 ie catal yst m xwe of
claim85. whereof the ratio of Pt to Rh in the mtlur&iNOVEMBER2805 to 1,
the raga of Pl Lo Re in the mxture is ebout 6 to 1. and the filth of t to
Al or Mo in the mxture is about 5.6 to 1 Tn_ talyst m xture of clam 55,
wherein the total volune of the 1Z> nu_ s about 650 m. 8inc catal yst mmure
O full 65. the mxtne further conphsin5 or nore or und HCIl, uact, and udl.
C. The catalyst neant, of claim®89. uwer=_1n the m xture conpri.ses
approximately 5400 ppmof LCO by weioht. 30 el. The catal yst m xture of
claim 78, fudhor conprising hydrochloric add. 92 The catal yst m xture of

dal m 79. wherein the catalyst mfure has a pH of |less |Isar. about 4.0. 36
15NOVEMBER2005 The ca aiyst mxture of claim79. one rein the catal yst

| nl #ure has a pt.of Theetatednf caor?s, irtiker aodpalg ebtadlisBing @ cdialydt ciatual yst

m xture otdaim 79, ereLn,.t t, i xt . en about t
c and about |f.. 33\.,&3‘"{{%5 Héﬁ?g‘%ﬁg&nﬁbﬁ‘r‘ed% agﬁgiaﬁg?m%%@@% ﬁ]a\éecat al yst
m xture has a 04 of throughihe adavat mxte.and about 2.2 96. The catal yst m xWs
of claim 72, wbereic the catalyst mz ure fWe. conpdsea a surfactant

Tethanol . ot nandr, "t SRARS TG bnor et v e el B P Bailcr .
i sobutyl al cohol, sid4 mgmeothPiCiaad.0conbi nati ons Cereot.
about 0.28 mg/m! of RhCly;
about 0.4 mg/ml of HReQy; and
betwaen about 0.28 mg/ml and about 0.56 mg/ml of at least one of AICl;, or
10 MaCl,.

84. The calalyst mixture of claim 85, 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
bstween about 15 to 1 and about 2 to 1, and a ratio of Pt to Al or Mg in the

mixiure is between about 15 to 1 and aboui 2 {0 1.

h

B7. The catalyst mixture of claim 85, wherein the ratio of Pt to Rh in the mixture is
about 8.6 to 1, the ratio of Pt {o Re in the mixiure is about € to 1, and the ratio

of Plic Al or Mg in the mixture is aboui 8.6 tc 1.

ho
o

88.  The catalvst mixture of claim 82, wherein the total volume of the catalyst

mixture is ebout 850 mil.

0]

The catalyst mixiure of-claim €5, the mixture further comprising ons or more of
HCI NaCi, and LiCl.

6]

[Ne]
[$)]

9C. The catalyst mixture of claim 89, wherein the mixture comprises approximately
5400 ppm of LiCl by weight.

[SA]
(]
[{e]
-

The catalyst mixture of claim 78, further comprising hydrochloriz acid.

[{»]
Ny

The catalyst mixture of ciaim 79, wherein the catalyst mixture has & pH of less
than about 4.0,
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The catalyst mixture of claim 79, wherein the catalyst mixture has a pH of

between about 1.2 and about 4.0.

The catalyst mixture of claim 79, wherein the catalyst mixture has a pH of

between about 1.4 and about 3.0.

The catalyst mixture of claim 79, wherein the catalyst mixture has 2 pH of
between about 1.6 and about 2.2

The catalyst mixture of claim 73, wherein the catalyst mixture further
comprises a surfactant selected from the group consisting of ethylene glycol,
propylene glycol, methanol, ethanol, prapanol, butanol, pentanol, hexanal,

isopropy alcohol, isobuty! alcohol, silicone il, and combinations thereof.
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