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of o combusti BEFLTY %my So 2d; %%f%@%@n@aéﬁﬂﬁz{m:&wm“
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whi ch produceSYSIEMEPR @I@Swfémﬁsng[j f§e}r)’i9§tﬂ°nal\/%&5‘?ﬂ* Applicdhgn §p) Ngas and a

catal yst transport systemto transport the catalyst to the flane zone.

Speci f i c5 enboddReReE2,diled drefuna¢c100i amtitied/"LIQKED {eRTALVEE &R Bdkir ce to draw

the catal yst-containing gas to the flane zone and an enrichment circuit to
cause an i ncr @EPRJCTION'OFEMISSIONS IN @48 ¥8ID DESE] BNEWES'Qaide.20 fl anme zone

when increased catal yst enrichnment is required. SUBSTI TUTE SHEET ( RULE 26)
Provisional Patent Application Serial No. 60/355,161, filed on February 8, 2002,
entitled "DELIVERY SYSTEM FOR LIQUID CATALYSTS". The disclosure of
these related applications are incorporated herein by this reference.
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BACKGROUND OF THE INVENTION

1. Technical Field

This invention generally relates to a system for delivering a catalyst into a
flame zone of a combustion reaction, such as a fuel combustion chamber. More
15 specifically, embodiments of the invention include a catalyst reservoir which produces
an catalyst-containing aerosol, vapor or sparging gas and a catalyst transport system to
transport the catalyst to the flame zone. Specific embodiments of the invention may
include a vacuum source to draw the catalyst-containing gas to the flame zone and an
enrichment circuit to cause an increase in the amount of catalyst being drawn to the

20 flame zone when increased catalyst enrichment is required.

SUBSTITUTE SHEET (RULE 26)



8 NOVEMBER 2005 WD 02/083281 PCT/ US02/ 06579 2. Background Art Spargi ng gas,
cat al yst vapors and aerosols have been used in the conbustion reaction art
to increase the energy output of fuel conbustion Sys"%'ﬁovbﬂm%?ﬁ%?@“ onal
spargi ng gas. delivery systens, a vacuumis created above a _pool of liquid in
a 5 recept 3Q ¥ BY8tause at nospheric air to be drawn into th ?03@8ﬂ?acl e at a
| ocati on below the surface of the liquid. CGenerally, the liquid in a
conventional sysi.emifcAydes a carrier liquid with an oil or other catalyst
floating on tﬁ“ﬁ—o‘gtb‘%e carrier or, nore recently, a catalyst solution
including a base carri.er and oluble  catglyst. The vacyum created above
the |iquid causes @l?ﬁ%?%%as{‘E?tﬁ}'szé(aﬁoﬁ?ﬁﬁdﬁroﬁ‘ﬂéxq“’lecﬁ’ﬁ?’ﬂ“ﬁ c‘jnﬂﬁtCBm{’ 0010 air
above the liquid with a portion of the liquid adhering to the surface of the
bubbl es. At @@@twnmtmmw@w@e@mgxw@@t@ég@i conpfaustipmeyistemst hecanypiioasl bur st
and a portion of the catalyst which was on the surface of the bubbles

remai ns i n t hspagding gasdeléverhgystengua dacuuiiihis gepedabess a psolod iiqpidliyacal | ed
sparging and the resulting catal yst-containing gas is called "sparging

gas. " Tisny pafecépthc®stoRhuseatrdsphiéricaditotd AFSRYin@riayRcepiate 4t 15REbAbEIBW1S gas
form by the vacuum and supplied into the induction air of a conbustion

systemto  afpbetiack 'B?Hﬁ@iﬁ’ﬁi‘d.s }de%raﬂ?,etﬁé hchgtll inlabof ARYIBRAIsPREh iR NI

processes, however,, the catal yst recept es are configured such that the
bubbl es contact _.sql i d rrie th i 10 th f.1h | iquid. This
cont act reduc%aén?rﬁl uﬁir’?%ﬁhn%n% gﬁ(?%euricagpﬁtaﬁogé%orgﬁﬁg?g{étcgﬂ%Eé)p’%orr? ace of the
20 bubbl e. Conventional systens al S0 have a spargin as out | i mredi ately
above the bufeset ga%%bﬁt@‘.mwwgl@wgé é?er"&ﬁﬁ’gﬁ‘éﬂq ?oq'ftﬁ"ecaé%}ﬁ’%{i E‘E‘? sol ution
fromthe bursting . .

vacuum created above the liquid causes bubbles to rise through the liquid and into the

10 air above the liquid with a portion of the liquid adhering to the surface of the bubbles.
At some point above the surface of the liquid, the bubbles burst and a portion of the
catalyst which was on the surface of the bubbles remains in the air above the liquid.
This process is commonly called sparging and the resulting catalyst-containing gas is
called “sparging gas.” Tiny particles of catalyst are thereby drawn awéy in sparging

15 gas form by the vacuum and supplied into the induction air of a combustion system to
affect the combustion reaction.

In conventional sparging processes, however, the catalyst receptacles are
configured such that the bubbles contact solid barriers as they rise to the top of the
liquid. This contact reduces the amount of liquid that can adhere to the surface of the

20 bubble. Conventional systems also have a sparging gas outlet immediately above the
bursting bubbles. With this arrangement, the catalyst solution from the bursting
bubbles may directly splash into the sparging gas outlet and travel to the flame zone in

liquid form rather than as a sparging gas, quickly consuming the catalyst solution at an



bubbl es may directly splash into the sparging gas outlet and travel to the
flame zone in liquid formrather than as a spargi ng gas, quickly consum ng
the catal yst solution at an 2 8 NOVEMBER 2005 WO 02/ 08848+ rMeERYSH?/ 06579
uncontrolled rate. This unnecessary and uncontrol |l ed consunpti on causes the
system toMERHR®8] neffective and inefficient. Another unﬂggp$ﬁﬁﬁg9aspect of
conventional delivery systens is that if, instead of the negative pressure
of a vacuum positiye r ure occurs in t recept acl-e aho th i quid,
Che 1 qut d e asuplfel Bt B AR F ARG AR B S
system This phenonenon.i s como calle rcol ation, e specific
limtation of ?%B??Q’élﬁt"i’ f‘?&’ilvesaﬂ)’é'r‘@%éerﬁaéne 3 Tlrah |3SRASF Of conyRifignal s t hat
the catal yst delivery rate of the systemis either fixed or proportional to
t he vacuum r adelivsfy sysemsdnipasifiinyiead p& themeeatiye Pessioe obrevasuuamesitival | y
enriched with increased demand. 10 DI SCLOSURE OF THE | NVENTI ON The present
i nvention rel atessur¢ occard indhd weaptacklapete tHeliquidrthe Bysd exay b farted throogludes a

| iquid catal yst receptacle and a catal yst transport system for delivering a
spar gi ngs gas @@Higinlet B Gk fdw Sbmithe §stena Mhizghefodénod iSRGy odlledeact i on.
15 Enbodi nents of the invention include an air inlet which releases air into

a catal yst r%&%Ql?aﬁ&&.eoﬁéléfﬂéciffi%hit?fi'&péfec%nﬁ&lt@ﬁﬁg%:%ihggﬁéaﬁl}%{ delivBlyet port do

not contact a solid surface as they pass throu he catal’yst solution, a

non- {581 Ot VG GHEE byl oSl ddiGery 1B Er ke R (RORIPSLpAELARE 10

the mai n body e catal recep e,

the vacuum rate of the combustion system and cannot be automatically enriched with
increased demand.

10

DISCLOSURE OF THE INVENTION
The present invention relates to a liquid catalyst delivery system which
includes a liquid catalyst receptacle and a catalyst transport system for delivering a -
sparging gas containing catalyst to a flame zone of a combustion reaction.

15 Embodiments of the invention include an air inlet which releases air into a catalyst
receptacle such that bubbles released from the air inlet port do not contact a solid
surface as they pass through the catalyst solution, a non-restrictive check valve on the'
air inlet, and a chamber adjacent to the main body of the catalyst receptacle, the
chamber having an opening with a diameter smaller than the diameter of the body of

20 the chamber to assist in passing only the sparging gas to the flame zone. Reinfo-rcing
structural elements which assist in mounting the receptacle to a body are also

included.



chanmber having an opening wwth a dianmeter smaller than the dianeter of the
body of 20 the chanber to assist in passing only the sparging gas to the
flame zone. Reinforcing structural elements which assgg Vhﬂﬂﬁﬁﬁﬁ&dng t he
receptacle to a body are also included. 3 8 NOVEMBER 2005 WO 02/083281

PCT/ US02/ 08978/ BH#8bdi ments of the catal yst transport systBWH¥OBE as sinple
as a sinple tube, or nore conpl ex, |nclud|ng a punp, controllers, alarns,

sensors and an ment. circuit be ¢ ntlnuo s ar ntrol | ed by
controllers inr e%%%olaémeqts Oﬁth%caﬁaélés& & n¥’°’ft Fe Comsust Fon } eac?@sssmﬁel'he
enrichment circuit may al cont i nuous, hav redeternngfd t hr eshol ds
for providing® a&éaweea%ogr@% rtcaldmea% EQRIroLEfs. laRPSpENEYRERAN ed by

controllers in response to the needs of the conmbustion process. A arns and
timng circui¢sichmgntisEcit Rpmps mHkeepninPsy ererongelladdynogireliers iaesppisscess,

the system or sensors associated with the system A renote indicator of the
need to repl etwitsdneedsndfehe sondfustibreproedsal Tistenriclvegtt aotwt may alsobponent s of

t hose 10 conpounds nay al so be provided to the system A vibration source
may be added yntinwakHab @ gretifterniigetpiesied]ds foOpravidingradietctdlfdt & thes@&sQCci ati on
with the vibration source, such as the punp. Vibration of the environnent

may simlarl yo#?ﬁa %E@&th‘:\ﬁ coﬂi%ﬂ&é 1H9es}>$lﬁe FCGEREAE0f tHetombafidh! 9‘” ation
buffered fromthé environnment, such as on cushioned nounts. 15

o choho et iy 0kl o LIS BB BUETLSR,

process, the system, or sensors associated with the system. A remote indicator of the
need to replenish contents of the catalyst receptacle, or components of those

10 compounds may also be provided to the system. A vibration source may be added by
mounting the receptacle to a mounting plate in association with the vibration source,
such as the pump. Vibration of the environment may similarly be dampened by
mounting the receptacle in a configuration buffered from the environment, such as on
cushioned mounts.

15 The foregoing and other features and advantages of the present invention will

be apparent from the following more detailed description of the particular

embodiments of the invention, as illustrated in the accompanying drawings.



enbodi nents of the invention, as illustrated in the acconpanying draw ngs. 4
8 NOVEMBER 2005 WO 02/ 083281 PCT/ US02/ 06579 BRI EF DESCRI PTI ON OF THE
DRAWNGS FIG 1 is a cut-away view of a |liquid catal ys§NnoSERIBERCHES
configured according to an enbodi nent of the present invention viewed al ong
line 1-1 oVOR@328: "F1G 2 is a bottomview of an air inlBtVERH®Eht i gur ed
according to an 5 enbodi nent of the present invention; FIG 3 is a bottom

view of a chanber cap wt Eg@mpﬁ(ﬁqw-ﬁhﬁ%m\;ﬂ@(ﬁ@modi ment of the
e e

present invention; FIG IS a top view of t receptac of FIG 1; FIG 5
is a front view of gn enbodi nent, of ft er ece]ot acle o FIPf 1, but, having 10
a chamber cap wit FI6nbish Gyeway Hesof g hauid caglysiageaptagts,conitgired,aceardine, s t
delivery system configured according to an enbodi ment of the present

i nvention; Fltganpmbedimesniafitenpraseatindention viewed elong dine 4d| affdey4;syst em havi ng
an enrichment circuit configured for a reciprocating engine according to an

enbodi ment of the HE. pisesigiforn wisteof arvdit inkdt Gap dnfiguredaceohiiad oAt of a
catal yst transport systemfor a catal yst delivery system having an

enri chmgnt i dldtmdrd: bk pakbMehveatic; yst flow under |ow catal yst
requi renent conditions; and FIG 9 is an enbodi nent of a catal yst transport

systemfor a cat alﬁ(sf 3 gseaI l;o\{t%ﬁlyview of a chamber cap with two nipples according to an

embodiment of the present invention,
FIG. 4 is a top view of the receptacle of FIG. 1;
FIG. S is a front view of an embodiment of the receptacle of FIG. 1, but having
10 a chamber cap with one nipple;

FIG. 6 is a block diagram of a catalyst delivery system configured according to
an embodiment of the present invention;

FIG. 7 is a system diagram of a catalyst delivery system having an enrichment
circuit configured for a reciprocating engine according to an embodiment of the

15 present invention;

FIG. 8 is an embodiment of a catalyst transport system for a catalyst delivery
system having an enrichment circuit illustrating catalyst flow under low catalyst
requirement conditions; and

FIG. 9 is an embodiment of a catalyst transport system for a catalyst delivery

20 system having an enrichment circuit illustrating catalyst flow under high catalyst

requirement conditions.

DETAILED DESCRIPTION OF EMBODIMENTS OF THE INVENTION



20 system having an enrichment circuit illustrating catalyst flow under high
cat al yst requi rement conditions. DETAI LED DESCRI PTI ON OF EI\/BCDI MENTS OF THE
| NVENTI ON 5 NOVEMBER 2005 WD 02/083281 PCT/ US02/ 065g§ RSHissed

above, errbodl nts of the present invention relate to a al yst
delivery syﬁ(’gﬁﬁzﬁlr a conbustion reaction whereby cat al ys]fcq#]/g Qflroésﬁéported in

sparging gas formto the flame zone of the conbustion reactl on. As used

herein,  "flame zonelid&lftfolOhBRHEM AnIHRA: [end sy 35 figact i on

occurs. In cases 5 ere he conbustion reaction Is enc OSE Il’l a

combust i on ¢ ha { deflllvgrﬁesys%gm fXVI at crz)ltnﬂ)ugtlo% rQacﬁBl? re%)r'T?eﬁaly is %{egr pcat i ng

pi ston engi ne ?l 6n ‘chanber .

I n other cases vvhere he conb, stl on r ctl on i.s not W|th| combusti on
chamber but B2 eNgHRLHN 1§ at”be%ol‘?éogtﬁ?/f)?%ﬁﬁﬂﬂ‘f reagfign, ‘%{%“S\‘Rilgfﬁemrrany open
flame applications, the flame- zone is the region in which conbustion of 10
any fuel rmy ‘déemaronereferstoitid rggipn ahers thercombygiinFeatiopocas. ilagases cat al yst
receptacle 2 for use in a catalyst delivery systemof the present

i nventi én. | nwhenethe abmbyssion delctioreis gndyst enithinshammbustior~¢i@mbgr, suchas r ecept acl e
2 contains a catalyst m xture 4. Exanples of general carrier |iquids,

catal ysts andyigat ele)pidtonébatibe£st a rRElBroddling Rk lgir@the flaind ©oftEs eHedbackd
operation of transferring the catalysts to an aerosol formthrough the use

of bubblin [ e Cct .
2081) to Rgbl \#\1216%%%'691%{1 ol c‘ﬁ&xln?% &, 6tHer,lrJa%5 by @ltetecgé &%@?ﬁ?%@émﬁépn&tg85 841

((Feb. 4, 1992}h1rt1 8c5r91 I!IS%%R rél))almber but is, instead, open to the environment, such as with

many open flame applications, the flame'zone is the region in which combustion of
10 any fuel may occur.

FIG. 1 illustrates an embodiment of a liquid catalyst receptacle 2 for use in a
catalyst delivery system of the present invention. In the catalyst delivery system
shown in FIG. 1, the receptacle 2 contains a catalyst mixture 4. Examples of general
carrier liquids, catalysts and catalyst mixtures, and an explanation of the general

15 operation of transferring the catalysts to an aerosol form through the use of bubbling
is generally disclosed in U.S. Patent Nos. 4,295,816 ((Oct. 20, 1981) to Robinson),
4,475,483 ((Oct. 9, 1984) to Robinson), and 5,085,841 ((Feb. 4, 1992) to Robinson),
the relevant disclosures of which are hereby incorporated herein by reference. In
general operation, air is drawn into the receptacle 2 through an air inlet 8 by a vacuum

20 formed in the air region 10 above the catalyst mixture 4. The air drawn into the
receptacle 2 rises through the mixture 4 in the form of bubbles which burst within the
air region 10 above the liquid. The bursting of the bubbles releases particles of

catalyst into the air region 10, and a portion of that catalyst is drawn as a sparging gas



t he rel evant disclosures of which are hereby incorporated herein by
reference. In general operation, air is drawn into the receptacle 2 through
an air inlet 8 by a vacuum 20 formed in the air regi ong&@vahak dobe cat al yst

m xture 4. m‘gg(ﬁ/og%}%bdr awn into the receptacle 2 rises thrlg)q[]g{}%{%@gsgm xture 4

in the for | es which burst within the air region t he
| iquid. The bursting of the bubbles releases particles of catalyst into the

ai r region 10,306, cﬁﬁ’lg&i{ﬁﬁic% oﬁwﬂl&@?%k ¥ breceStallt BMheAR AU PRLAARY gas 6 8
NOVEMBER 2005 WO 027083281 PCT/ US02/ 06579 contal ning catal yst particles out

of the recept . : . -] L f«tghis operation is
di scussed bel glgv&g?\lgl?'{g%‘{r}gﬁ}é%ﬁ?%mﬁlség%%?g{swfg}e&%@%:t(g Ie 'gtggf t he enbodi nent
shown inFIG | includes an inlet channel which extends along a sjide 12 of
the receptacle 2 ah®f @nilst 8 ofihgembadinsat henp iytish lipdudes apdplehishannet 2. The
inl et channel includes a vertical portion and a portion which angles from
the vertical pbichiesiendselerige side Y2orhthd repeptactectandteatsrenezr thabotiem 14 ef e openi ng
18 is |located near the bottom of the receptacle 2, and is horizontally
separ at ed fr oractpiscle .eThd iakek cipmnéliinciudel atvheicalposioncind apettidaywitidieangiegl ed
portion. Alternatively, the air inlet 8 could extend through the center of

the receptacl gogy th®VerS&PBSAbE td he BLENE of BE BREREIE22An1E iNfel bRninBasgad r entry
part 16 into the receptacle may be forned at any |location on the receptacle

2, because thguBblLES.ARAERdiaR ABEUED, HIBSTLHES, Aok BeBhoRidd cant 1o

the benefits e ITnventiron, It enéfici e alr entry port

10 nean 1E GO RRA Bk 0 SAERL ST ALY A DBl
above the | evgclmlg Iexténr}lethrloiug u%h% c\évriltgrhci)fnthc;[ rggeptacle 2, or separate from the receptacle 2.
10 While the air entry port 16 into the receptacle may be formed at any location on the
receptacle 2, because the bubbles ascending through the mixture 4 are significant to
the benefits of the invention, it is beneficial to place the air entry port 16 near the
bottom 14 of the receptacle. Wherever the air inlet 8 or air entry 16 are placed, the
opening 18 of the air inlet 8 should be located above the level of the liquid within the
15 air inlet 8. The liquid depth, through which the bubbles travel to reach the air region
10, may be any depth, but tends to work better at depths of about 2-1/2 inches or
deeper, and more optimally between about 3-1/2 to about 4 inches. While shallower
liquid depths may be sufficient in some embodiments of the present invention for
particular applications of the invention, a liquid depth of about 2-1/2 inches or deeper
20 provides time for particles in the mixture to adhere to the surface of the bubbles to
transfer the catalyst to the air region 10. The deeper the liquid, the larger the bubbles

which are released into the mixture. The volume of the receptacle 2 determines the

quantity of catalyst mixture 4 which may be stored for use in the bubbling process,



15 air inlet 8 The liquid depth, through which the bubbles travel to reach
the air region.~ 10, may be any depth, but tends to work better at depths
of about 2-1/2 inches or deeper, and nore optimally bgtyeempgRawss 3-1/2 to

about 4 inghe ile shallower liquid depths nmay be suf sone
enbodi nment o@mfx%@ present invention for particul ar appl ié:éa illsg)gfgﬁgg) t he

invention, a liquid depth of about 2-1/2 inches or deeper 20 provides tine

for particles vdhﬂ:hﬁﬂ@;rﬁﬁ&t‘éﬂﬁiﬂeslI@wﬁﬂh&%{lﬁbu&s‘b%b&aﬁéﬂﬂl@%ﬁb&fnﬁtphfé_eﬁqbﬁltﬁs to
transfer the catalyst to the air region 10. The deeper the liquid, the

arger the bubblaefoticchiatyseis tehiea thd pRpHRE rileKiabie SoluigoMakiEe of t he

receptacle 2 determnes theé quantity of alyst mxture 4 which nay be

stored tor use _j,n.khe ' oc 7 MV .083281
PCT/ US02/ 06578‘3%{1:%1 Y"ﬁf\?% dehendihegon dhe ?Pé’\?%/c rrarr@@g@r" gQag YB%%%P%”%% t he
bubbl i ng process may he u before the catalyst is depleted, T
appropriate rEXQB‘E qrgmﬁl%ﬁ&nfﬂber%baé‘?‘ﬂ H%Ep‘ﬁéirida‘h‘frﬁtwnvﬂfloperﬂmE&l%‘%ndi ng
upon the application and may readily be determ ned by one of ordinary skil
in the aTt bas#elangwsitelyshaixar issesiur ati on of operation, bubble 5 rate and

catal yst m xture viscosity. The air entry port 16 of the enbodi nent of FIG

1 is located and oThesit eftrysptahl6 dfhiad enithvaditiet bl BEG. THYy loaste aill drizntedigustur f ace
of the m xture 4 without contacting any solid surface after they are

rel eased | nt O yeelBEbIM Sy biteldts oY @S8R or AN Al wittioh] Sontaingig§OMP! | shed

by angling the air inlet 8 near the bottom 14 of the receptacle 2" so 10 that

the air entrypof bl i !El%k gf’é &E&&hﬁlt@ﬁiggﬁgﬂﬁe.am fid ;ISlje&ﬁle ik, t%?'fs the

receptacle 2. n conventi o receptac or bub ng catal yst, e air

entry is eit h?sr acgtl)rglgl(i\'sthlex by angling the air inlet 8 near the bottom 14 of the receptacle 2 so

10 that the air entry port 16 is not directly adjacent a vertical wall 12 of the receptacle 2.
In conventional receptacles for bubbling catalyst, the air entry is either directly
adj acent a vertical wall of the receptacle, or at the bottom of a tube extended vertically
into the liquid such that the tube itself, or a float attached to the tube, creates a vertical
solid barrier to the bubbles. The result of a solid barrier near the ascending bubbles is

15 that the bubbles have a tendency to bump into or adhere to the barrier. When the
bubbles contact the barrier, their ascending velocity is slowed, and the consistency of
the liquid adhering to the bubble surface is affected, resulting in a reduced bubble rate
and less catalyst mixture transferred to the air region 10. When the bubbles adhere to
the barrier, the bubble rate is reduced, and subsequent bubbles may be further

20 impeded or combined with bubbles which have adhered to the barrier. This results in
nonuniform bubble sizes, less effective catalyst transfer to the air region 10, and a less

effective system.



adj acent a vertical wall of the receptacle, or at the bottom of a tube
extended vertically into the liquid such that the tube itself, or a float
attached to the tube, creates a vertical solid barriegnéeetBgrRbdzbl es. The
result of a solid barrier near the ascendi ng bubbl es ISW]‘FS t‘%ﬁ%ﬂ&gg bubbl es
have a t end@I&P¥Y bunp into or adhere to the barrier ubbl es
contact the barrier, their ascending velocity is slowed, and the consistency

of the liquid adherifnge lfﬂgﬁh&}&tlf?zlt%u%{ésf\@iﬁ%oht%cta(i‘c\fe‘?t%aﬁgvotﬁé?%b'lli&' ng in a

reduced bubble rate and less catalyst mxture transterred to the air region

10. Wen the l%.grfe? Wtﬁlnqgg?gcgpt&??_gtlg%be%{bro'ch egt 6fkﬁGb i"%%l S é qﬁ %sl%ge]quced . and

subsequent bu combi néed w es which

have adhered he harri.er isr suI t.s onuni form b be e | ess
ef fective catéﬂ%ﬁ?“ﬁ and e nlb(?g%eé‘t ‘W‘H%Etcgd %alré’ﬁ ygvapggu ?@itl ve
system 8 8 NOVEMBER 2005 WO 02/083281 PCT/US02/ 06579 To reduce the

| i kel i hood t Ha¢h fiemHleasrtigel valk dhtandifora bubbleiratgjof Homat 19> Wblegiperbar ri er

within the receptacle 2, in the enbodinent of FIG 1 the air entry 16 is
spaced 5fr om sebandwal¢linglthrotigieatmnbddi2ne abow K anahes of ligudd, the bubbles were entry was
pl aced one half inch fromthe vertical wall 12, and, for a bubble rate of

from2 to 15 feubittk@ 836¢ndIo SRcMHcd sfavdlquily withooL@htaatingithe Zerdical wall about 4
i nches of liquid, the bubbles were permtted to ascend to the surface of

the [iquids wit kamd: orankagd le@&rhﬂ%né&%raie'&)ﬁﬂe pﬁu'téd idabosdnemcgbeaber and
| esser distances are contenplated, i.e. about 1/4 inch or more, and it is

anticipated t%;atlt 1?5}¥1cﬂ%ﬂﬁrdﬁﬁat mﬁ%gql ots rﬁﬁtloﬁ%}l}tﬂgvgﬁ'&&'&eﬂﬂ 128 c%the:l'z or

other solid rri er rovenent over conventi onal

systens. The sfoﬁd Lamer, will result in an improvement over conventional systems. The farther
10 away from the wall the entry port 16 is placed, the larger the bubbles which form at
the entry port 16 due to the greater liquid weight on the air inlet 8. This occurs
because a greater vacuum pressure is required to draw air through the entry port 16
due to the greater weight of the liquid which needs to be displaced by the vacuum.
One of ordinary skill in the art of sparging gas catalyst delivery systems will readily be
15 able to determine a desired distance from the wall at which a desired bubble size for a
particular application will be formed without the bubble contacting a solid object
before reaching the surface of the liquid.
Another problem experienced with conventional systems is the problem of
percolation. Percolation may occur when the air region 10 of the receptacle includes a
20 positive pressure rather than the ordinarily negative pressure caused by a vacuum.
This causes the catalyst mixture 4 to be forced upward in air inlet tube 8. If the
pressure is great enough, the catalyst mixture 4 is forced from the receptacle 2 into the

surrounding environment. To protect against percolation, the embodiment of the



10 away fromthe wall the entry port 16 is placed, the | arger the bubbles
which format the entry port 16 due to the greater liquid weight on the air
inlet 8. This occurs because a greater vacuum pressurgyi i to draw
air through the entry port 16 due to the greater wei gﬁ?bgpwﬁgzﬁﬁgui d which
needs to b&M2&B1Bted by the vacuum One of ordinary skil FCVHS®AErt of
spargi ng gas catal yst delivery systens wll readily be 15 able to determ ne
a desired dist anct esg I. e for a

f t |1, at which a bubbi i
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Percol ati on may occur when the air region 10 of the receptacle includes a
20 positive peapsuféGrhinpwdestahoforhdew pithaarlptopp AégRhe inket pareisalse caused by
a vacuum This causes the catalyst mxture 4 to be forced upward in air

inl et tube 8.inthdedwn oppniag 26iiceated withanedn epening im the basketeaby dtowimgtiutoe 4 i s
forced fromthe receptacle 2 into the surrounding environnment. To protect
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i nv_enti on shown in FIG 1 includes a non-restri ctive flui d c_heck val ve
Gaskor 22 on YaRtseH@RRRtc b SoRlo; Lifing MU RO Pk Dokl o bR and0T, B et
cap 24. The inlet cap 24 also _includes an . ni.ng.26 located, within an
oo 1t Eee g AR presdliy. HoS T RS BREL VEn e BRR SISl 20 |
In conventional systens, flujd check va4y<is are not used be&ggse t hey
restrict the SFfED: Heapering e wght mietsempt is lags enqygh tqprempmrethanths change and

require a greater vacuum pressure. For the fluid check val ve designed for
t he present required volume of air flow needed to supply the bubbles at the desired rate. The area

10 available for air flow around the buoyant stopper 20 and through the air inlet channel
8 are also large enough to not restrict the flow of air which would be expected in the
system. The opening 26 in the inlet cap 24, however, is small enough that it may be
blocked by the buoyant stopper 20 in conjunction with the gasket 22 if percolation
occurs. Another advantage of using an inlet cap 24 with an opening 26 which §vas not

15 experienced by conventional systems is that much of the dirt, ash and other foreign
debris often associated with a combustion process, or with the environment
surrounding conventional combustion processes, is preventéd from entering the small
hole and mixing with the mixture.

In standard operation, air flows into the air inlet 8 through the opening 26 in

20 the inlet cap 24, around the buoyant stopper 20, and then through the air entry 16 into
the receptacle 2. The inlet cap 24 includes internal threads 28 to threadedly mate with
the external threads 29 on the air inlet opening 18. If positive pressure occurs within

the receptacle 2 causing the liquid to rise as high as the buoyant stopper 20, the
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system the opening 26 in the inlet cap 24 is |large enough to permt nore
Aac the required volunme of air flow needed to supply the bubbles at the
desired rate. The area 10 available for air flow arounginpirempu@yen

st opped20 and t hrough the air inlet channel 8 are also |arge enough to not
restrict tRNOP%HHf air which woul d be expected in the %y P%%Oﬁsf’ge openi ng
26 in the inlet cap 24, however, is small enough that it maybe, bl ocked by
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operation, air flows into the air _inlet 8 through the opening 26 in 20 the
inlet cap 24,thepwramadingenpimyrent. Bredypent Szgppea%&ntaﬁén formed gftnyttveyantr entry
16 into the receptacle 2. The inlet cap 24 includes internal threads 28 to
t hreadedl y nméaterialichfpmbld dfecrenihg n highidtightsagdsvifita gasketheichias a plattetbatipandi ng 18.
| f positive pressure occurs within the receptacle 2 causing the liquid to

rise as high @sgisker 2punysary fosth@PdrIrestibnt bi@hdrmat&idNeMiaVBEIR c2@iky ANO 021083281
PCT/ US02/ 06579 stopper 20 will float. If the liquid rises to a stop |evel

hi gh enough tl&ufi({ ﬁ%ﬁ isﬁl]gx%iﬁl;tgeg@ﬁfyamggpﬁé? 2bN&ich M £FoaaPRiliéh odiiBbept OPPEr 20 i's

pressed again et 22 to create a seal around the inlet cap
ORI 2% SRS R TRl AR AT HIBRSL R R puoyan
prevent the escape of liquid is sufficient, but may require other design adjustments to
10 compensate for any restriction in air flow. Other forms of fluid check valves are well
known in the art.
Yet another problem experienced in conventional catalyst bubbling systems is
the effect of splashing. When the bubbles burst in the air region 10 of the receptacle
2, the catalyst mixture on the surface of the bubbles disburses into the air above the
15 liquid in the receptacle 2. Ideally, the bursting bubbles would distribute only small
molecules evenly into the air as a thin sparging gas which could then be drawn into a
fire zone of a combustion reaction. Unfortunately, however, the bursting bubbles
often splash amounts of liquid into the air, or splash molecules which are too large to
remain suspended in the sparging gas form as they are being drawn into the
20 combustion reaction. Catalyst mixture delivered to the flame zone in liquid rather
than sparging gas form may consume the catalyst mixture at too high a rate and is,

therefore, undesirable. Conventional sparging gas catalyst distribution system

receptacles include a vacuum outlet within the air region 10 above the liquid. This
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5 material capable of creating a liquid-tight seal with a gasket, such as a

plastic ball, and the gasket 22 may be formed of a resilient or other
material capable of creating a liquid tight seal withgfhe bs St opper
20, such as a foam silicon or rubber material. Instea OF a buo

ant
st opper 20 VY IBket 22, any formof a check valve to p?@ygﬁ?mﬁgﬁ escape
of liquidis sufficient,' but may require other design adjustnent to 10
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m xture on the surface of the bubbles dishurses into the air above the 15
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only small nolecules evenly into the air as a thin sparging gas which could
t hen be dr awn enwirgnnzent fvhere hrghrbratioraorcstnshing bf the mixtarst within thdnkeeptagleas el vy,
however, the bursting bubbles often splash anmounts of liquid into the air,
or splash nol dikelyesucivas folf use with Beavl d6:g@uétivn ehaipmient, tespridedixtie idhe spar gi ng
gas formas they are being drawn into the 20 conbustion reaction. Catal yst

m xture deli Vq{qﬁﬂl foftn Ishfkeky!t88BmE MG dirdbt btk dith MeBbuurh BafleS RANQG Bgvpas form
may consune the catalyst mxture at too high a rate and is, therefore,

undesirabl e. %Eﬁ’f@&n&ﬁﬂe@inﬁ%@oﬁqﬂg@&%ﬁ? al yst distribution system

receptacl es i nclude a vacuum o in the air region 10 above the
liquid.This 11 8 NOVEMBER 2005 WD 021083281 PCT/ US02/ 06579 allows liquid to
spl ash directly intle redvee hisehfetsof Fand eatdyss selathineonto acondgrging Mithingthe

vacuum outlet, the embodiment of the present invention shown in FIG. 1 includes a

10 chamber 30 adjacent to and in communication with the receptacle 2. The chamber 30
includes a chamber inlet 32 havin(g a planar surface area, partially defined by its width
34, less than the planar surface area, parallel to the inlet planar surface area, of the
widest body of the chamber, partially defined by its width 36. Use of this chamber 30
adjacent to the receptacle provides primarily two advantages. First, by placing the

15 vacuum outlet within a chamber 30 separate from the main body of the air region 10
above the liquid, there is less of a likelihood that splashes from the bubbles will
directly hit the vacuum outlet opening. Second, by using a chamber 30 through which
the sparging gas must pass before traveling through the vacuum outlet, the velocity at
which the sparging gas is traveling through the chamber inlet 32 with smaller area is

20 faster than when the sparging gas travels through the main body of the chamber 30
having a larger area. One result of this velocity change is that large liquid molecules

tend to drop out of the gas phase, condense on the walls of the chamber 30, and run

back into the receptacle 2. Use of a chamber 30 separate from the main body of the

12



| arger liquid mmle c, es to be drawn into and condense within the vacuum
outlet or be consuned. Additionaiiy, it '"tne recepradre of a conventional
systemis used in an environnent where high vibrati onsgbvgmwzgg of t he
m xture within the receptacle is 5 |ikely, such as for use wth

heav
construct i Y Y§#B¥hent, the catalyst mixture in liquid fg?ﬁpgngVQely to
cone into direct contact with the vacuum outl ets and be drawn to and

consurred it be:eGRUDURLLANRLAREIRIAN BRUAGOL o BEh SRl aioflor b fbicat al yst
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chanber 30 includes a chanper inlet 32 havin pl an surface. area
partilly defi A¥8 bgayssdhegelatikely angall P@gglgﬁﬁéﬁ%tewéarﬁb%m gdhf vabef the ea,
parallel to the inlet planar surface area, of the w dest body of the
chanber, part ireseptgcle @fresulislinghe receptaglatall delectingmot of Hiesatelyaifism 180 e
nrimrily two advantages. First, by placing the 15 vacuumoutlet within a
cnaxri neg i~ehmnMwBOmmmukhanmimnbody of the region i~ above the liquid,
there is less of a likelihood that splashes fromthe bubbles will directly

hi t the vacuum out gl pARERLRg K FREANhs Yy e%%ﬁgggggdatgg@%mépaé hrrgh whi ch

t he spargi ng gas pass ore travelling e vacuum outl et

he vel wh i hrough th
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gas travel s through th@‘éml n _body of the chanber 30 havi nﬁ rg ar ea.
One result of 2R Wickas Bie ey of AsIogBserton pfdhe plangiaken raralis! o %&?Fg?é“ tnd to
drop out the gas pahse-9, ntha , r ndP. the wal Lc the chanmber 30 and

fun” back int a2¢ Fer the cmpediment show 3G, bithediemaithdd obbe sepdineid? dfilsm ¢ he

mai n body of the
10 chamber is 5/8 inch, though larger diameters are contemplated, and the widest

diameter 36 of the round chamber 30 is 1.5 inches, though larger diameters are
contemplated. Smaller inlet diameters down to 1/4 inch have been found to work
fine, but slow down the process of filling the receptacle 2 with liquid. It should be
clear to one of ordinary skill in the art that if the chamber inlet 32 were substantially
15 the same size as or smaller than a drop of liquid, the purpose of the chamber in
passing sparging gas to the vacuum outlet would be defeated when condensed liquid
from the chamber 30 began to drip back into the receptacle 2. Larger openings and
chambers may be alternately be used.
It has been found that a slight and substantially continuous vibration applied to
20 the receptacle 2 reduces the consumption of the base liquid and helps to break the
surface tension of the liquid resulting in better catalyst transfer to the air region 10 of
the receptacle 2 and better fractionation of the bubbles at a consistent rate. To

accomplish this vibration, the receptacle 2, or in embodiments where a delivery
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12 8 NOVEMBER 2005 WD 027083281 receptacle also the catalyst m xture wll
result in catalyst being transferred to the flane zone in liquid form
because the relatively small opening 32 to the chanbergaherdsiReogsal | of the

receptacle_2 results in the receptacle wall deflecting cat al yst
fromthe sYOAMEP! 30 and the Navuau i wot z*, . The pregﬁgémﬁ%@@aﬁ%

di nensi ons of the opening 32 to the chanber 30 is not fixed and nmay be any

size smal | er 4080 1b08uPane: Bl HA8ENRTNETARATY IISHNR drdf BRShonRY o2, such
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inlet 32. For .the. enbodi nent, show in -M .i he. di.anmeter 34 divine round
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skill in the art that if the chanber inlet 32 were substantially 15 the sane
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liquid fromihsichasmees viBfhtiBg it 8htipl, siRAkkndt RiRatt BR RpRBk3c E-Z .

=Larger openings anti chanbers may be alternately be used. It has been

ount et RS GO R 02

break the receptacle for the increased risk that the catalyst mixture will be drawn from the

receptacle in liquid form. For use of a catalyst receptacle in extreme vibration

10 environments, the receptacle may be mounted to a mounting plate which is then
coupled to the environment, and the mounting plate may be buffered from the
vibration of the environment through buffering springs, rubber isolators, or other
vibration resisting elements known in the art. In one particular embodiment, the
receptacle 2 and a catalyst transport system (shown in FIGs. 6 and 7), are coupled to a

15 common mounting plate and enclosed in a housing. The mounting plate is buffered
from the housing to reduce the vibrations which may be caused by the environment in
which the housing is placed.

In applications where a vibration source such as a reciprocating engine is not

available, a separate vibrator may be coupled to the receptacle 2, to a common

20 mounting plate with the receptacle, or to a delivery system housing to provide the
vibration. In one particular embodiment of the invention, the separate vibration

source is the vacuum pump used to transfer the catalyst sparging gas to the flame

zone. By coupling the vacuum pump and the receptacle to a common mounting plate,
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surface tension of the liquid resulting in better catalyst transfer to the
air region TO of the receptacle 2 and better fractionation of the bubbles
at a consistent rate. To acconplish this vibration, tJgoVves@iRaelsE 2, or in
enbodi ments where a delivery 8 NOVEMBER 2005 WO 02/083281 PCT/ US02/ 06579
syst em housY MY/ ®BE8sed, the housing, may be nounted to t h"BCHHYROPYof an
autonobile, or to a vibrating notor where application permts . |If the

vibration is Loo.excessive such as would.result if .the.receptacle were
mount ed di r ecl IS ER &t R PR ERAGE et and RuERBAARE DOLD) o
fractionation is disfupted too nuch and the catalyst 5 transfer is |ess
consi st ent or“ﬁ’ﬁ\}‘oﬁ%{% dpeaSet oget her. Thus, the frequency and magni t ude
of the -ibiation , -while not crucial, should not vibrate the receptacle

poi nt of causi ng eicessvabie chhmbdricag4®haviny iathiahthreads #hendixtoalageim mbgt ur e
within the receptacle for the increased risk that the catalyst m xture wl|

be drawn fromdhectors @€ aiphRe U4 id showh étithel efnBédimetf FIG . HIGA3 dlualkey st
receptacle in extreme vibration 10 environnents, the receptacle nay be

mountedsto a Ui ' j Lk nt, and
t he rmur15ti ng pl at eblﬁg’yoqllglgetcglﬁl}yf%erﬁg%lu?rEﬁr}ﬁe{hﬁg&ﬁwg?&p}légﬁhgﬁ ‘f"ﬂ\éé gr%\%{'rsonrrent

t hrough bufferin rings, .rubber. i sol ators r ethear iLbration resisting
el enont'sknoahiop e FR e aRTs (i Bfins SRonflaleSiendfe Bt Rlione o RE RS o3
and a catal yst transport system (sho in FIG. 6 and 7) re coupled to a
15 conmon rmu%ﬁsitﬂge g’faé‘fné’ya?nv&%%?%‘é‘i?gﬂ‘i%g thﬁgﬁ@?%.cam‘we %ﬁ'ﬁffiSH% °§|ﬂsﬁe i's
buffered fromthe housing to reduce the vibrations which my be caused by
t he envi r onmeehamibsr capiOe theminplas stisnch below the saefaee of the inside of the cap 40 to

further reduce the opportunity for mixture which has condensed on the cap, or been
10 splashed or sloshed there, from being drawn into the vacuum outlet to the flame zone
in liquid form. When the chamber cap 40 is threadedly tightened onto the chamber
opening 46, having external threads 48, an airtight seal is formed to enable creation of
a vacuum within the chamber 30 and air region 10. Hanging apertures 50 are
disposed on reinforcement support 52 to allow the receptacle unit 2 to be hung for use
15 as needed. A gasket 43 may also be included between the lid and an upper ridge of
the chamber opening 46 to assist in maintaining an air-tight seal.
FIG. 4 is a top view of a receptacle 2 for a liquid catalyst such as that shown in
FIG. 1, with the air inlet cap 24 and the chamber cap 40 removed. The reinforcement
support 52 extends approximately along the center of the receptacle 2, and provides
20 structural support for the air inlet opening 18, and the chamber 30. The tops of
reinforcing indentations 54 (FIG. 5) are also illustrated. As shown in FIG. 5, the
indentation 54 may extend diagonally across the receptacle 2, or in any other

orientation, and provides additional support to the shape of the body against the
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In applications where a vibration source such as a reciprocating engine is
not available, a separate vibrator nay be coupled to the receptacle 2, to a
comon 20 nounting plate with the receptacle, or to a gebl¥ABERSYS €M
housing to_pravide the vibration. In one particular enbo 9 t he

i nvention énggﬁg¥ate vibration source is the vacuump Uﬁ@’@“%o transfer
the catal yst sparging gas to the flame zone. By coupling the vacuum punp
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connectors or nipp Ies 44 is shown in the epmbodi nent of FIG 1. FIG 3 includes
a 5 bottom vicesptaste kady, uirhabdaganglly asshownHl I, o thaindgpiation ppy o beq are
conventional nipples for attaching tubes having openi ng extendi ng gas to
be drawn tryausedist assistinseturing tleatteptagle 2de rivehicle loa nther-gnsture fy-astmps~d~o ~
chanber cap ,,Ibi "~i"tr~JPSPxenrLbedJnw. the. ctirfface of the_inside of the
cap 40 to f ugiches torthebitert dfer cappith iHeybaltery sdpBEacwboardattbigstragodgensed on t he
cps or been 10 splashed or sloshed there., frombeing drawn into the vacuum

outlet 10 il gidntien ZR0Riméd3ion, %‘w@vefr% mnqwefhetﬂ?gclééllﬁ%%orﬁﬁﬂi 41)'is
threactediy tigiitenea ofto' me narhoel opening 46, having externaf threads
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A recommended fill region 56 is shown on the side of the receptacle 2. Like
10 the reinforcement indentation, the fill region may be indented to provide additional
structural support to the walls of the receptacle. For the embodiment of the receptacle
2 shown in FIG. 5, a chamber cap 40 with only a single nipple 44 is used. Both
single- and double-nippled chamber caps may be used on the same receptacle
depending upon the desired application of embodiments of the invention, as described
15 in more detail with relation to FIGs. 6 and 7.

The receptacle 2, chamber 30, support 52, air inlet 8, and caps 24 and 40 may
be formed of any liquid-tight material which is not susceptible to deterioration from
the catalyst mixture to be carried inside. Many plastics or rubbers are sufficient for
this purpose because they are unaffected by the acidic mixtures often used as catalyst

20 mixtures. With a plastic or rubber used for the components of the receptacle, the
receptacle may be formed, for example, by injection or press molding the materials
into the appropriate shapes and sizes. The processes for shaping and forming

plastics are well known in the art and it is believed that one of ordinary skill will be
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15 as needed.. N %R&, & 4? ra:s 5ssa, hr_&ncJltdesLhetwee the_|id_and an upper
ridve of the chanber oper2lig 4bo a~sl st~~ab7ta; an air~bf seal, FIG 4 :s
~t~, ~r~;e.~u ~f_~r~setacJa2 fora lialrid catalyst suchy asvih@krShMm i n

FIG 3, wLép(b%e airinlet cap 24 and the chanber cap 40 renoved. The

rei nt or cemet*?%&{Bhort 52 extends approxi mately al ong t heP ¥R Bt tfie
receptacle Z, andprovrds 20 structural support for the dir'rriiet operiing
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pro?-rdesaaal%%ﬁ?%%@l @-ndetgﬁéﬁéﬁptﬁ@%%}i_av~tlhe 'fi 8 NOVEMBER 2005 WD
02/ 083281 PCT/ US02/ 06579 receptacl e body col | apsi ng when a vacuumis forned
in the air region FIG. oillustiates theuseptf dled lsjuidodatatyst reBgptaplea? imgcanitaisiiordent at i on
54 in various orientations across the receptacle body, such as diagonally

as shown in hkistiohsystdi€ A bsielyktatanSibri@tedl 69qelbg thel§Rebih@gaSBhtainingthéecuri ng
the receptacle 2 to a vehicle or other structure by a strap, 5 such as to

the battery offysEartiMed b R PableleY: 18 thAPmERAN 62 8f 2 BRh B RLIYn RbERR, StYI €,
orientation, an I mensi ons, however, is unique. The precise dinensions and
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on the side of the receptacle 2. Like O.the reipforc nt .i ndentation, the
PT oot on ThepistR IR aaror s mas Fngr Lo it Dl iy Aratf SURBERt 1o 1 he

wal | s of the receptacle. For the enbodinent ofthe receptacle
effect (commonly called a Bernoulili or Venturi effect) on the tube 64 attached to the

receptacle, or may include more complex vacuum elements, controllers, flow
10 restrictors and/or orifices to assist and regulate the amount of sparging gas entering
the flame zone 62. By specific example, in a conventional gasoline (petrol) engine,
the tube 64 may be attached directly to the intake fnanifold, the carborator or the
throttle plate. It is well known in the art that 12-15 inches Hg of vacuum pressure is
created by the action of the pistons in a gasoline engine at idle. This vacuum pressure
15 is more than sufficient to draw an effective amount of catalyst aerosol through a tube
64 attached to the receptacle 2 into the piston chambers which operate as flame zones
62 in the combustion pfocess.
It should be understood by those of ordinary skill in the art that the catalyst
receptacle 2 and catalyst transport 60 may comprise a pturality of receptacles 2 and
20 respectively associated catalyst transports 60, each feeding catalyst particles into a
flame zone. In a particular embodiment of the invention which employs a plurality of
receptacles 2 and respective catalyst transports 60, the components of the catalyst

mixture ordinarily contained within a single catalyst receptacle 2 may be separated
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2 shown in FIG 5, a chanber cap 40 with only a single nipple 44 is used.
Both single- and doubl e-ni ppl ed chanber caps may be used on the sane

receptacle depending upon the desired application of b ﬂtz&) of the
i nvention,_as descrlbed 15 in nore detail with relation tg Fl and 7.
The recept WOP¥92Blhanber 30, support 52, air inlet 8, afd @EB%"’%ZP and 40
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skill will beeceptaglo ) tiro@disovwmCealysurangpB76e0 totd eommeorf anpg z0he 62y st em
descri bed herein given the knowl edge comonly available to one of ordinary

skill afd thehwegcspapdingnliteerigedtionuGhpite, aérbsd uhder@sesside, of asycothérr | r el rgzr r ul
cat Wstrecegtac ~e2lr~ac | ~~s1~11 reaction system A catalyst transport
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fromthe receptacle to the flane zone 62 of a conbustion reaction. The

catalyst tTaTgghds n%tagyxfsggéﬁgaycg%weaagspea&d% ﬁ,& By B ablificdb ached 1Q the
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el enents, Conet1rlrg1?1|e| %Lgse off Iordmary skill in the art will understand that appropriate controllers
10 may be readily configured to coordinate the timing, pressure, volume, and delivery of
the respective catalyst particles to selected flame zones.

Research has indicated that after the catalyst particles have been provided to a
flame zone for a time and then stopped, the benefits of the catalyst particles are still
experienced within the flame zone. It is therefore contemplated that in particular

15 embodiments of the invention, using an appropriately configured controller, the
catalyst transport 60 may be cycled on and off selectively to provide catalyst particles
to a flame zone for a time and then not provide catalyst particles for a separate time.
The use of appropriately configured controllers for other purposes is more fully
discussed below.

20 To limit the amount of sparging gas drawn through the tube 64, a restrictor
(see FIG. 7) may be used. Appropriate restrictors are commonly available in the fluid

flow industry and may be purchased from Coors Technologies of Golden, CO. To

obtain a bubble rate of approximately 3-5 bubbles per second in a gasoline engine
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10 restrietors aix/or ail res ~ asslsf ar~rJ JegJdiJare The anount of
sparging gas entering the flanme zone 62. By specifrc cxarrrgle rrr a
c~rraerrtrPrr~1 ~a~~~r e~ tro~~e gsl ~ the tube 64 maynEerfkkRGHIscddf rectfy
to the intake manif6 h, tfie cardorartrardrle throttle plate. It is well
known i n t W& B08328hat 12-15 inches Hg of vacuum pressure FS/VA%Y_d by t he

actiaT~ of t ie }vista s ilia a saLi e. eng~na at idte, This vacuum gressure
15 is nore than sufijcientto itYa.an. WaS0=x+0 tach . receptacle 2
"nto the pi stoneanaabEhERGE s BuBD SIS TIRHES FRbLE I o iR A o

process. It sho M be r~nr~ers p b}' l1~asea a ~l .a s 1+~1 ~ b~ ~La aJ, vs-t
receptacl e 2 lﬁfélfcﬁf%‘ﬁf?sgffé?ré@ar})%dlﬁ Ay1e t@ﬁoﬁﬂsr@@‘%fél“ﬂ' ipe yiththe gp~

| es2~rrd 20 respectively associated catal yst transports 66, each feedng

cat ar yst par t ic@iabst tramsprrafupp Afrand walkides asmgll paenipg thregghdisiseaenaxit toof t he

i nvention which enploys a plurality of receptacles 2 aTid Tespecti~ce

cata. L sttr ansguat tlerp@gingens flow throQuiathe &stgictdrhéf a diffemnt wtbblemateiur e
ordinarily contain&.-vg ffin a a-1htt 8 NOVEMBER 2005 WD 02/083281 PCT/ USO

/06579 and diggrdsacth deprrBiRIYM QFestuie BRBIIO P diffdkent eativtdtaide amts bEr om
different ones of the plurality of receptacles 2. Thus, the particles of a

catal yst i XtdifBiarchi B 88 Bldhar Ul i BdeRlit AR QM Bp@opach be

di spensed fromits ow catalyst” receptacle 2, through its own catal yst

transport 60 t co n,.f 62, 5 through sparging, direct
i njection, puarl%‘gin%éi,so er Sggjllba%ﬁ)(ﬁ‘é%%?'essur e, or any other known nethod.

Alternatively, or additionally, the catalyst particles of a single or
FIG. 7 illustrates a more complex version of a catalyst transport system 60

being used with a diesel fuel engine. As is well known in the art, diesel fuel engines

10 produce almost no vacuum pressure within the engine. Thus, embodiments of the
present catalyst delivery system for use with a diesel fuel engine involve a more
complex catalyst transport system 60 which includes an enrichment circuit to provide
additional catalyst enrichment when the engine is operating at high load. Diesel fuel
engines also include a very wide range of fuel requirements from idle speed to full

15 load. Thus, a variable or on-demand enrichment circuit may be included as part of the
catalyst transport system 60,

In the embodiment of the catalyst delivery system shown in FIG. 7, a two-
nippled chamber cap 40 is used. A first tube 70 is coupled to a first nipple of the
chamber cap 40 and extends to a vacuum pump 72. Vacuum pump 72 is associatéd

20 with controller 74. The first tube 70 includes a restrictor 76. Sparging gas in the first
tube 70 is transported through restrictor 76 and first tube 70 into the vacuum pump 72,
and is then pumped into junction tube 78 and then into intake manfold 82 through

catalyst tube 80 which joins the catalyst transport paths of the first tube 70 and a
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mul tiple catal yst receptacle 2 nmay be dispensed into a plurality of

associ ated or dissociated flanme zones, such as the nmany conbustion chanbers
of a reciprocating engine. Those of ordinary skill irgddeedBER%0s!
understand that appropriate controllers 10 may be readil fiqured to

coor di nat eWPHé/°§3?’ﬁﬂ' ng, pressure, volunme, and delivery of %qgrﬁq'}o%/gsgyect ive
catal yst particles to selected flane zones. Research has indicated that

oLt e CaUa B R B S b Rep L AT S = 1

and then stoppe e benefl es are

experienced within the flanme zone, |f is therefore cqnt |.ated. that in
particul ar 1304%8&?%@&?@“&3 a fq%'élcf%\géﬁ‘i’qg%‘?ﬂe"ﬁ%yl %ﬁ%@&%gﬁﬁ?ﬁeiﬁégy
configured controller, the catalyst transport 60 may be cycled on and off
sel ectivel y teupedigiadanctian 88y Jhe pag-whrsheek valve & Blpekseny sprsgipg gasfram ne and
then not provide catalyst particles for a separate tinme. The use of
appropri at el yemgtnsportedithcauphrtied $eeorsl thimr 84atnbiba mmimuos e uing prasswe fsul | y

di scussed below. 20 To |limt the anobunt of sparging gas drawn through the

tube 645 a respdricBéedlin tHeS@Rlyst fabe §). My be used. Appropriate restrictors are
commonly available in the fluid flow industry and may be purchased from

Goors Technol ogi e%nﬁér&x%}f%g@ a%nscé(%onl?or aocg%sgli eﬂ§§e,baul9péeea:r[o%§neof{%{r EaRLgx1 mately

3-5 bubbl es per secon I ne engl ne

into the engine through the intake manifold and additional catalyst sparging gas is
needed to maintain the advantages of the catalyst delivery system in the combustion
process. By providing a second tube 84 with a check valve 87, additional catalyst

10 sparging gas is not drawn through the second tube unless and until the engine draws
air through the intake manifold sufficiently fast to create a threshold vacuum effect in
the catalyst tube 80. The amount of additional sparging gas drawn is proportional to
the amount of vacuum pressure to a maximum vacuum pressure depending upon the
size of the restrictor 86 opening or orifice. In this way, only the amount of additional

15 catalyst needed is supplied to the combustion process, but a maximum limit is set for
the system by the restrictors. In one particular embodiment of the invention for a
diesel fuel engine, the vacuum pump 72 produces approximately 5-6 inches Hg of
vacuum pressure, restrictors 76 and 86 are ceramic restrictors and have openings of a
diameter between about 0.015 inches to about 0.020 inches, and the check valve 87 is

20 a duck bill check valve having a cracking pressure of approximately 1 inch H20 of
vacuum pressure or greater (sold through Apollo Pumps, Erving CA). The same
system could also be used for an open flame combustion system where a pump

provides sparging gas to the open flame zone either with or without an enrichment
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8 NOVEMBER 2005 WO 02/083281 PCT/ US02 /06579 circuit as di scussed above. As

wll be clear fromthe di scussion herein, enbodinents of the present
invention may be readily adapted to the combustion of @vaﬁﬁ%ﬁ%@ased
fuel s regardl ess of the conbustion process used. FlGs. and 9 illustrate a

speci fic eMPP¥EAt of the catalyst transport system 5 t%FW%/ ®early
describe its operation when a vacuum punp 72 and an on-demand enri chnent

circuit s usqthy SUE. A% AL URediM B adhGRekis Sy gg@f'nn&?gcfdir&%&ser

application w vacuum pressure or varia

2N g Tond e mrss%lgw%n‘%?oé%?%y T R P A St ons, -

vacuum punp 72 draws_spar 10 gas containing catal yst particles through a
first tube 701:“5]1%(%13&3@&%5?PE&SFOWBU%HHPW&%%&‘? -the fluid through junction tube
78 to the catalyst tube 80 and to the flanme zone. This flow path is

i ndi cated in FI G BGh)8 dnd® iitistrapeedspecifie smbédinlert dfittgiatabygsd traspelt tysens, where
an additional vacuumis created within the catalyst tube 80, to the extent

t Eg C\rflggﬁum PloQsT ERarB}ER84sE & dpeRHet Fhed Nekueh dakbNY aRE 88 Shidemhdy eshol d of
enrichment circuit is used, such as that used with a diesel fuel engine or other
application with insufficient vacuum pressure or variable catalyst requirements. FIG.
8 illustrates a low load example and FIG. 9 illustrates a high load example where
enrichment is added. Under low load conditions, a vacuum pump 72 draws sparging

10 gas containing catalyst particles through a first tube 70 and restrictor 76 and pushes
the fluid through junction tube 78 to the catalyst tube 80 and to the flame zone. This
flow path is indicated in FIG. 8 by the striped tubes. Under high load conditions,
where an additional vacuum is created ‘within the catalyst tube 80, to the extent the
vacuum pressure exceeds a predetermined cracking pressure threshold of the check

15 valve 87, additional sparging gas is drawn from the receptacle through the second tube
84 and restrictor 86, through the check valve 87, junction 88, catalyst tube 80, and to
the flame zone. As with other embodiments of the invention, restrictors may be
omitted if desired. Additionally, if enrichment is not needed or desired for a particular
application of the invention, the second tube 84, the restrictor 86 and the check valve

20 87 may be omitted. This allows for use of the invention in applications where a
vacuum pump is desirable without additional on-demand enrichment. As described

further below, the vacuum pump 72 may optionally be made variable and be

controlled by the controller 74 to provide on-demand enrichment of the combustion
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15 val ve 87, additional sparging gas is drawn fromthe receptacle through
the second tube 84 and restrictor 86, through the check valve 87, junction
88, catalyst tube 80, and to the flane zone. As with gkbg@hﬁﬁﬁggbgents of
the invention, restrictors may be omtted if desired. Additional

enri chment WQ0%828%eeded or desired for a particul ar appPFE/QF?ZG’HS%f t he
invention, the second tube 84, the restrictor 86 and the check valve 20 87

my be om t ted, T sp ablgusf or. e SLALAR gwgtbe% | FRGL LEALLERS where a

vacuum punp 1s desira |ona EHBH enric

described furt uum pu 72 ma i 0 de. variabl e
and be contr&quﬂxﬂga{%@ %gﬁt ?nfﬁggﬂ' gB@? %eﬁgkﬁ¥ gﬂfa Aftent of

t he conbustion 21 8 NOVEMBER 2005 WO 02/083281 PCTI1 USO2 /06579 reacti on.

Furt hermore, dogeiieliadiistihe sRrichatepbingsprasy th drepaaigulapoesiapeiag aggdast hents  to
the point at which the enrichnment circuit is activated, or to enable a
control circuidombbsgioapréoessl y adj ust the enrichment in response to the
particul ar or changing needs of the conbustion process. 5 FIGs. 8 and 9

al so indscate a conGelsl88 97a‘PSOCth1€'&4é b cORRNEE 747 euR Bo@BPFHCA dp ?I"ca%n of he
invention for use in an autonobile, the controller 74 is coupled to the

gni tion SyStemoh g MEDLCh EadS IR b B EALAI /S boSa BThe RnfiBhi Ve onl Y

when the vehicle I's running. applica |ons, e con 74 may

o 00058 S0 { hA Epal gFAGIGES ?%atﬂgycagg%g%vlgt TS RGNS TSR Bone. unl ess

a conbustion process is occurrlng in the ne In a artlcular
appl i cation offupyBe.clthes pprlicatiops, t%lﬁéorE@H@rrZﬂ m@qu W&Pl‘ié&whaté‘{eééﬂ(mmd

system activates the combustion reaction process so that sparging gas is not being

10 pumped to the flame zone unless a combustion process is occurring in the flame zone.
In a particular application of the controller 74, the controller includes a clock and
timer circuit to track and record the operation of the catalyst delivery system. In
another particular embodiment of the controller 74, the controller 74 further includes
an alarm to indicate when a predetermined threshold time of operation has been

15 reached. Tracking and recording the operation of the delivery system may allow an
owner or a government entity to collect data regarding use of the catalyst delivery
system.

An alarm may be used to indicate when the catalyst needs to be replenished, or

when other maintenance on the system needs to be performed. The alarm may be in

20 the form of a visual display, such as a light emitting diode (LED), an audible sound,
digital or analog signal, or any other measurable indication that a threshold has been
reached. The alarm may be in the form of a remote indicator such as, for example,

using an radio frequency (RF) or other signal to transmit the alarm to a remote
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timer circuit to track and record the operation of the catal yst delivery
system In another particular enbodi nent of the controller 74, the
controller 74 further includes an alarmto indicate WegyvamBERIGsEr M ned
threshold tinme of operation has been 15 reached. Trac\li\?ng and recording the
operation O W&{E|ivery systemmay allow an owner or aPgBUERAMEAt entity
to collect data regarding use of the catalyst delivery system An alarm may

be used to indicate en the catal yst needs tq be replenished,. o en

ot her mai nt enHEE o églé?%?%mrﬁé%tag r’F‘BOtBiOCﬂ%‘P‘? %‘F{‘rég?‘ SLFH%Y &Pw be in
20 the formof a visual display, such as a |light emtting diode (LED), an
audi bl e sound®f a ¥hifl¢ ena contralpapelfosthg sembustipn aregesst Nore sapRistieaiesl e i ndi cati on
that a threshold has been reached. The alarmmay be in the formof a renote
i ndi cat or suchordm]lefsd# vandrtpick additienah ipfermationisushfas eajalpstdgvelsRparging gasher
signal to transmt the alarmto a renote 22 8 NOVEMBER 2005 WD 02/083281

PCT/ US02/ 0657 9olume €lowefuel efficieiidypughthdiikeby Wsd bégnployel andrdhifipuraictat i on such
as a display within the cab of a vehicle or a control panel for the

combust ison pr 9eRsH: to MRERtE RBIvES dreiAirsk la'F}.O Thé Ant@ 18 744mM 1§ seldcB bty
additional information such as catalys evel s, sparging gas volune flow,

fuel erfi ol engve@ntla hiEuldd e TR, B 56,P% 60 GuahanthaaRbiauLEd o 5

transmt to a renote recelver e con r may al so

selectively activate and deacti vat e vagu pu 72 ba upon

ot edet et m ed e pad GihE RS ob ol TE b S Re B P 75besfSibLI ¢ he
speed of the vacuum punp 72 based upon sim]ar criteria. Power and ground
wires 94 are piAdlyerieria d’orﬂ\febwdd&roarpsgwafﬁr%a%lns@mto provide appropriate power

supply to the vacuum pump 72 and the controller 74.

10 While embodiments of the invention have generally described use of the
present delivery system with gasoline and diesel engines, it should be understood that
the use of sparging gas to carry catalyst to a flame zone is also useful in applicatio’ns
for other fuels, such as alternative fuels, and for other types of combustion processes.
For example, it is contemplated that the present delivery system, using the principles

15 described herein, may readily be applied by one of ordinary skill in the art to the
combustion processes used for incinerators, furnaces, boilers, incinerators, turbine
engines, and ope‘n flame applications where the combustion process is not used
directly for work.

As should be clear to those of ordinary skill in the art by the explanation

20 provided herein, embodiments of the present invention may be used to generate and
deliver sparging gas containing catalyst particles to any fuel combustion process and
is not limited to the specific applications discussed herein. The embodiments and

examples set forth herein were presented in order to best explain the present invention
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supply to the vacuum punp 72 and the controller 74. 10 Wil e enbodi nents of
the invention have generally described use of the present delivery system
wi th gasoline and diesel engines, it should be underst gaéviehfdgr d0he use of
sparging gas to carry catalyst to a flanme zone is also useful in

applicati onsO ¥ %P4t her fuel's, such as alternative fuels, PENYSYE¥5 Bt ner
types of conbustion processes. For exanple, it is contenplated that the
present deliv . i t L e1 : : i y

Peadi 'y bo apars ASReRE afilRfn AR PLLRD) Pritf ek Rl il B BB IR, o
processes used_for _incinher rs, rnaces i h.ers...,ncinerat.ars, turbine
ngi nes. - and s o HLBE AR HoeBhEpee PRBTUTF IR A BrRoa e oy
used directly for rk, shoul d be clear to those of ordinary skjill in
the art by thdh@&ih éDFF&P’inSﬁg%Pﬁb?WdcféﬂmH@? E?Vﬁf%e%sw%rﬁerstﬂe?umﬂ@sa esent
invention may be used to generate and deliver sgarging‘gas cont ai ni ng
cat al yst part iildpstrgtiomanggxamplelontyo nihg slescointipn scesorthgnotinfentisd td baqrvi ted to the
specific applications discussed herein. The enbodi mrents and exanples set
forth hefei n wehasfivesaniiedt theinvedsn td thelpesdsedonpl disclodethe Mane sedificatiMsnt | on
23 8 NOVEMBER 2005 WD 02/083281 PCT/ US02/ 06579 and its practical application

and to ther ebun@raidtRnt Aepessitie Brithhoae te 'Eelééﬁiﬁ%siaﬁp\ﬁélQitlﬁful départingeiom aed use
the invention. However, those of ordinary skill in the art will recognize

that the for e_&?ixﬁgnéﬂgc%ﬁé bPhé ﬁﬂth@&gin%)&?arﬂm.eﬁorQEXrﬁplgﬁﬁﬂ_cgﬁtﬁﬁl DiRdndts the
purposes of illustration and exanpl’e only. The description as set forth is

not intended t %ﬁ xhaust i v L.io limd the inventj.on to the precise
form di scl ose &8d n 30 ﬁ%%ﬁ awn fnto % g.lame zOte Of 2 combudtioh Flhe ion, the cartalyst ay
be directly injected to a flame zone or an air intake to a flame zone by pressurizing the.

10 sparging gas and injecting it as an aerosol using a pump selectively controlled by an

appropriately configured controller.
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and variations are possible in Iight of the teachings above w thout
departing fromthe spirit and scope of the forthcom ng clainms. For exanple,
it is contenplated that in addition to being drawn in%%o@‘%hﬁﬁ?u%fne of a
conbustion reaction, the catalyst may be directly injecteg to a tflane zone
or an air intake to a flanme zone by pressurizing the. 10 sparging gas and
injecting it as an aerosol using a punp selectively controlled by an
appropriately configured controller. 24 8 NOVEMBER 2005 What is clainmed is:

1. Ali uid_capalgst delivery systemconprising: a liquid catal yst
receptagﬂﬁiﬁd&ﬂﬁg_ﬂﬁ air inlet and an outlet; and a catal yst transport for
transporting catal yst particles in a sparging gas to a flanme zone of a

conmbusti on process, the catalyst transport conprising: a first sparging gas
transport path coupled to the receptacle outlet and configured to transport

spargi ng gasl.at &\ fiquis tatalgiteieliadid s@tdecanstiskpar gi ng gas transport path
coupled to the receptacle outlet and configured to transport sparging gas

at a second Jigfufd édtalyRSREPaE e heviADad AIEMEASAd howlRpRAd for catal yst at the
fl ame zone, wherein the catal yst transport is configured to substantially

mai ntain the Jaitarlfstt trgﬁs‘?ﬂﬁW&ansﬁ(ﬂ{iﬁ%&tta@@%gf-cﬁg 1199%%28@%@%996 DBarhé L&te of

spargi ng gas transport path when the s spar gi transport path

transports .spargin at .th ecaond rat.e in response to the increase in
the donbsaroip o krattsf Jls Ay Rat PP bl 5. "The | qui d catal yst del i very

system of clai.m 1, erein the first spargi as
y a hrst spar\é\f;]lg gas transport patﬁ cougleé QO the geceptacle outlet and configured to

transport sparging gas at a first rate; and

a second sparging gas transport path coupled to the receptacle outlet and configured to
transport sparging gas at a second rate in response to an increase in demand for catalyst at the
flame zone,

wherein the catalyst transport is configured to substantially maintain the first transport
rate of sparging gas through the first sparging gas transport path when the second sparging gas
transport path transports sparging gas at the second rate in response to the increase in the demand

for catalyst at the flame zone.

2. The liquid catalyst delivery system of claim 1, wherein the first sparging gas
transport path comprises a pump coupled to the receptacle outlet, the pump configured to pump

the sparging gas from the receptacle outlet at the first rate.

3. The liquid catalyst delivery system of claim 2, wherein the second sparging gas
transport path comprises a check valve configured to open to sparging gas flow therethrough in

response to pressure on a side of the check valve exceeding a predetermined threshold pressure.
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transport path conprises a punp coupled to the receptacle outlet, the punp
configured to punp the sparging gas fromthe receptacle outlet at the first
rate. 3. The liquid catalyst delivery system of clai mgnoWeRiggiRYbe second
sparging gas transport path conprises a check valve configured to open to
sparging gas flow therethrough in response to pressure on a side of the
check val ve exceeding a predeterm ned threshold pressure. 25 8 NOVEMBER 2005
4. The liquid catalyst delivery systemof claiml1l, wherein the first and
second transport paths join into a joined transport path configured to
transport tHe spdhgilinyigaatabpodslivee systansof é%mmsgcwh@retnr grsshest eng se998d and
wherein the second transport path is configured to transport catalyst only
when v atansparppagissaimeniors tofredjteinsped: tattaemsbignted patrinspri desisparging ged ditoar e ned
threshold pressure. 5. The liquid catalyst delivery systemof claima1,

wher ei nistadfsecosit] traatport mtla, yat whdtia thateeondtranbpert patgus condguaddyts traskpbitver y
systemof claiml1l, wherein the second rate is a variable rate. 7. The liquid
cat al ysdatah@t ionBr Whey Staein® fprésk@ve in Lihe f jdink &FanSUTO phhi BteddsCatmbdésdrmined
transport control coupled to the catalyst transport and configured to

regul atygthpppREsusPar gi ng gas through at least one of the transport paths.
8. The liquid catalyst delivery systemof claim?7, wherein the catal yst
transport control conprises a sparging gas flow restrictor coupled inline
with the second sparging gas transport path. 9. The liquid catalyst

l'iver m | aj m inth r.gi fl : .
de ery SySSt. © c}Ihe ?iqgfd cat8a1ys\t,\qgliv%ry sytste?n gfp C?alg‘l ﬂ%}%?gn theomst rate is a variable

rate.

6. The liquid catalyst delivery system of claim 1, wherein the second rate is a

variable rate.

7. The liquid catalyst delivery system of claim 1, further comprising a catalyst
transport control coupled to the catalyst transport and configured to regulate flow of sparging gas

through at least one of the transport paths.

8. The liquid catalyst delivery system of claim 7, wherein the catalyst transport
control comprises a sparging gas flow restrictor coupled inline with the second sparging gas

transport path.

9. The liquid catalyst delivery system of claim 8, wherein the sparging gas flow
restrictor is configured to establish a maximum flow rate through the second sparging gas

transport path.
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restrictor is configured to establish a maxinumflow rate through the second
sparging gas transport path. 26 8 NOVEMBER 2005 10. The liquid catalyst
delivery systemof claim8, wherein the catalyst transagl%{, MBERLpG further
conprises a second sparging gas flow restrictor coupled | nFi ne wth the
first sparging gas transport path. 11. The liquid catalyst delivery system
of claim 10, wherein the second sparging gas flow restrictor is configured
to establish a maxinum flow rate through the first sparging gas transport
path. 12. The liquid catalyst delivery systemof claim1, further conprising
a catal yst 1fr ang'b@)rllqu@omt@1M$t dbimeyguypien obclami& orhezein ghy satabystanaspet and
relay catalyst transport information to a renote |location. 13. The liquid
cat al ysontgd| furtherycaymisesmofecaldaspargi®y geh8oei mstribter cavplbd sliner witls plor first
information conprises an indication that a predeterm ned threshold of

oper at isparginggadeaizport pabhed. 14. The liquid catal yst delivery system of
claim1, further conprising a nounting plate coupled to the receptacle and a
vi bration source. 15. The liquid catal yst delivery system of claim 14,
wherein the vibration source conprises a punp. 27 8 NOVEMBER 2005 16. The

liquid cataliyst gglkY&hY%aR%3t &Thvely SR Bllaiinf), SIhlrdil e BGRRLPLMGATPT | SES
flow restrictor is configured to establish a maximum flow rate through the first sparging gas

transport path.

12.  The liquid catalyst delivery system of claim 1, further comprising a catalyst
transport control configured to monitor catalyst transport and relay catalyst transport information

to a remote location.

13, The liquid catalyst delivery system of claim 12, wherein the catalyst transport
information comprises an indication that a predetermined threshold of operation has been

reached.

14.  The liquid catalyst delivery system of claim 1, further comprising a mounting

plate coupled to the receptacle and a vibration source.

15. The liquid catalyst delivery system of claim 14, wherein the vibration source

comprises a pump.
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an air inlet opening positioned and oriented such that air bubbles rel eased
into a catalyst mxture in the receptacle fromthe air inlet opening do not
contact a solid object before reaching an upper surf gaewEMBbBR 2608t al yst

m xture. 17. The liquid catalyst delivery systemof claim1l, wherein the
receptacle conprises a chanber in conmunication with an opening in a wall

of the receptacle, the chanber having a cross-sectional area | arger than an
area of the opening. 18. A nethod of providing catalyst to an air intake for
a conbustion process, the nethod conprising: sparging air through a |iquid
catal yst ni X6ur e Tha liguideaighysh delivenvsysicatilc daigp &r yherginghe recspiacle CPHAESr t i ng
the sparging gas fromthe receptacle at a first rate before transporting the
spar gi rig agaslef pramingrpositopedperaicoreented sacksbigoritbytbies rpliegfed intp Aaatalysemixtyrst rat e
when demand for sparging gas at the air intake exceeds a predeterm ned

t hr eshah dhe retepraelenfram arespiointat npersipad@naigogas asblid lobjett efdre racking anmpppes es
transporting sparging gas through a first transport path and transporting

spar gi ngrfgaSofdte dab@ysseeand. rate conprises transporting sparging gas through
both the first transport path at substantially the first rate sinultaneous

W th transporting sparging gas through a second transport path. 19. The
nmet hod of claim 18, wherein the second rate is a variable rate. 28 8

NOVEMBER 20Q5 20 et ¢l Al m 18 ' ' :
corr esponds Mo a adtmgPans o Eh A B s MR e bl Rl B b e o

e b S e SR A T

cross-sectional area larger than an area of the opening.

18. A method of providing catalyst to an air intake for a combustion process, the
method comprising:

sparging air through a liquid catalyst mixture in a receptacle to produce sparging gas; and

transporting the sparging gas from the receptacle at a first rate before transporting the
sparging gas from the receptacle at a second rate higher than the first rate when demand for
sparging gas at the air intake exceeds a predetermined threshold,

wherein transporting sparging gas at the first rate comprises transporting sparging gas
through a first transport path and transporting sparging gas at the second rate comprises
transporting sparging gas through both the first transport path at substantially the first rate

simultaneous with transporting sparging gas through a second transport path.

19. The method of claim 18, wherein the second rate is a variable rate.
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22. The nethod of claim 18, wherein transporting sparging gas at the second
rate conprises opening a valve to allow sparging gas to be drawn through
the second transport path by a vacuum caused by air npxpHRgMBRROGSN the air
i nt ake. 29

20. The method of claim 18, wherein the variable rate corresponds to a vacuum

pressure caused by air moving through the air intake.

21. The method of claim 18, wherein transporting sparging gas at a first rate

comprises pumping the sparging gas with a vacuum pump.

22.  The method of claim 18, wherein transporting sparging gas at the second rate

comprises opening a valve to allow sparging gas to be drawn through the second transport path

by a vacuum caused by air moving through the air intake.
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