USE OF MANGANESE COVPOUNDS TO | MPROVE THE EFFI Cl ENCY OF AND REDUCE

BACK- CORONA DI SCHARGE ON ELECTROSTATI C PRECI PI TATORS Field of the

I nvention The present invention relates to inproving the efficiency and
operation of _electrostatic precipitators in utility and industrial furnace
systens. Specifically, the addition of manganese in fuel, in the
conbustion air, or in conbustion exhaust gas (flue gas) increases the
efficiency of an electrostatic precipitator in collecting the fly ash from
t he conbustion gassEFOFthencAtheE coMpoiers ofo nengaeseryd ot her flane

suppr essant nmat er EAFSCIRNOY f OBl AND NREDUCH NRCH 4 CORGNA ,DIGYCHARGEE conbusti on
exhaust gas reduces back- cor@haELElBROGTEL ¢ rPREGIHITOSIGRS ¢ preci pitators,

thus al so inproving fly ash cokikRCdi @ 186ddedrency. Background of the
I nvention The environnmental issues and concerns with respect to snoke stack
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that receives considerable attention is Tly ash. Mich chno y and effort

has ‘bee@l&%&éﬁé‘H)ré&P{tﬁ%iiﬂ%ﬁlh%sﬁﬁugﬁﬂéﬁ@ﬁﬁgga@tsﬂe?né.he result of

the conbustion of "hydrocar bonaceol In a conbustron unit.
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reduce f SSI1 ons. rocess used ine rostdtic

precipit 'c*% t%i ation of an glectric field i.n a pipe or
assage. tRASAHAF PSS O B YT tastha il BiEREidhey Bty PrfoBERE 71 ous.
vhen t hepggcsipztla o int Qorl%%%?lg the fly ash from the combustion gas. Further, the
addition of manganese or other flame suppressant materials into fuel, into
combustion air, or into combustion exhaust gas reduces back-corona

discharge in electrostatic precipitators, thus also improving fly ash collection

efficiency.

Background of the Invex_ltion

The environmental issues and concerns with respect to smoke stack
emissions are well recognized. One of the combustion exhaust gas products
tflat receives considerable attention is fly ash. Much technology and effort has
been dedicated to reducing fly ash emissions that are the result of the
combustion of hydrocarbonaceous fuel in a combustion unit.

Electrostatic precipitators are one significant type of technology used to
reduce fly ash eﬁissions. The basic process used in electrostatic precipitators
includes the creation of an electric field in a pipe or passage through which a
combustion exhaust gas, including fly ash, flows. When the gas flows through
the electric field, particles in the gas (fly ash) pick up a negative charge from

the electrons given off by an emitter source. These particles in the gas build up



the electric field, particles in the gas (fly ash) pick up a negative
charge from the electrons given off by an emtter source. These particles
inthe gas build up 1 a negative charge and are then attracted to the
positive charge on a grounded collector plate. Those particles are then
cdl l ected there. The fly ash is subsequently collected fromthe plates by
physically rapping the plates and collecting the fly ash that falls off
into hoppers where it is then renoved. The efficiency of electrostatic
preci pi t a4 oegatise ahhfet &6d bye sevehedrabRdi 6 the : | lhgqt he
resistivity of the flgfash particles that the%géfgtﬁierﬁ?gsi%eﬁny%g %Hg%l | ect.

For nor nedollpesiapla®d, Thbse Hasiislet iayt tietolihi8ed! ld.lie between
about 1 x 108 aIﬁ% 1 x 104 ggm cm aVaI ueés 3{)ovg&ttﬁflge?tg%€gyla%g Sto  back
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- ash back into the exhaust stream because
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el ectr osttat.i o tBr egi gt_t ‘%or inefficiency. On the other hand, very high
resi st i vitygaPGode I ROFREAPRETHET: thRdrgisittencidhedly apeishguiblitect ed
on the cqllector plates. 'Els'hese hi?h resistivity particles, while initially
easy to CHITVESE abory k31 #nd haul &t Pheraydfaloas aheve thisgenigedead & es of
a system_ After a relatively short period of tine, the build up of those
particle ack corona discharge, and below this range lead to re-entrainment of the fly
ash back into the exhaust stream because the particles of very low resistivity
loose their negative charge very easily. Carbon in the fly ash lowers the
resitivity so much that efficient collection in the ESP is impeded. If the
particles are highly conductive (i.e., have an excessively low resistivity), then
the particles give up there charges very easily and are relatively difficult to
retain on a collector plate. An example of this is high carbon content in fly ash,
which is known to contribute to electrostatic precipitator inefficiency. On the
other hand, very high resistivity particles will retain their charge even after
being collected on the collector plates. These high resistivity particles, while
initially easy to collect, may form an insulating layer on the collection plates of
a system. After a relatively short period of time, the build up of those particles
may block the electric flow necessary for the efficient operation of systems.

This build up of high resistivity particles on collector plates also presents

other performance problems. One of these problems is referred to as “back-



may bl ock the electric flow necessary for the efficient operation of
systens. This build up of high resistivity particles on collector plates

al so presents other perfornmance problens. One of these problens is
referred to as "back 2 corona" discharge which is a spark or arc across the
ebectric field as a result of the voltage gradient build-up across the
collected particle layer on the collector plate. If the electrostatic
preci pitator voltage becones too | arge because of excessively high
resistivity of, the fly ash . (above 109 Chmcm, gas trapped in this
particle ﬁog(f/ré?’ élgﬁh?% ‘ﬁ’g‘m&hﬂs %ISB%‘]&J‘ GbRAC atrassdhy deaisicdly!d asparaswt of | are

t hat sub;ﬁantially rgﬂuEEF.the efficiency of the electrostatic

. preci pi t aPorONESE BANEPRE UG- BP Arspts Hrecerllected particle layerput the oflléater eased
snoke out . of tge exhaust chimey that is recorded as a transient increase

in flue §RRCoJLERE glecitpstatic preciPithioy witage bersmesdnpatgs bemekisefdf on t he

. potential between the el ectrodes greduce the voltage to the el ectrodes),

t her eby FESERSFELY Higle regptuiy of the 8y faski ehoye 4A8 Qirmiancy, gaserappet fady
state exhaust opacity. Particle resistivity can be nmanipul ated and i nproved
by nodi f {itisgpattisle layer cen ibeizsomislibrexk dowhy thedbf yanginde spanbwstizes gas
before it flows through an electrostatic precipitator. Blending fuels that
gi ve of f thigsubstanitielly redsicss ilvé tifichaidyi afl the dlsctonstariayprtoipiiakér. NEdcHesi r ed
resistivity in a conbustion gas. Alternatively, a conbustion gas nay be
modi f i edtione thisdivehobeduts) thekeis 4 “plEvef inftee RSl $186ké 88k SF tNE b¥ha @€ Of
t he nost recogni zed nethods of nodifying or conditioning a conbustion
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exhaust gas stream The addition O S03 |lowers resistivity.

this event, ESP controls back off on the potential between the electrodes
(reduce the voltage to the electrodes), thereby leading to performance
inefficiency and an increase in steady state exhaust opacity.

Particle resistivity can be manipulated and improved by modifying the
fuel to be combusted or by modifying the combustion gas befgre it flows
through an electrostatic precipitator. Blending fuels that give off high and low i
resistivity particles is one way to obtain a desired resistivity in a combustion
gas. Alternatively, a combustion gas may be modified or conditioned to make it
have the desired resistivity. One of the most recognized methods of meodifying
or conditioning a combustion exhaust gas is to add sulfur trioxide (SO3) vapor
into a combustion exhaust gas stream. The addition of SOs lowers resistivity.
The amount of SO3 can be varied depending on a particular fuel combustion
exhaust gas and other operating parameters. Drawbacks of sulfur-type |

emissions are also recognized, so other types of treatments are desired.



y The ampount of S03 can be varied depending on a particular fuel conbustion
- exhaust gas and ot her operating paraneters. Drawbacks of sul fur-type

em ssions are al so recogni zed, so other types of treatnents are desired. 3
Summary OF The Invention Accordingly, it is an object of the present

i avention to add a source of nmanganese to a conbustion fuel or to the
conbustion air, or to the resulting conbustion exhaust gas in order to

i nprove the efficiency of an electrostatic precipitator in collecting the
resulting fly ash. Further, dt Is, p?hggﬁwgﬁkﬁpe present invention to
add a source of nanganese or‘&?ﬁ%ﬁiggane—suppressant to a fuel or
conbustion ai - stion exhau as streamin order,to reduc

back- corona di’s 8%%1%@9?#&% aéloaﬁ Cg ﬁ%el}?/q\ﬁnéees ef)lgz SRR aeCF%gtst&gthofc
precipitator. In agne enbodi nent he,invention j.ncludes a nethod, for

rr ovi naheiien DG Siayastonrugl gets B rrBUsHER 1k Br P Seg A B ol | ect
fly ash froma, conmhustion exhaust gas resulting fromthe conbustion of a
fuel I n SOTURMSIASY PO HRS Sidr 455 R JRRPERT S EECIRRGY 185 oo IEREOPIREC an
effective anmount of source of manganese, Alternatively, the nethod
conpr i sePTEBIAET B ‘fcﬁgcué‘@ntﬁﬁsrteﬁ’éﬁlr&ﬂ&%b- Jaurther, df iscat phiecabihe of a
source of manganese. In a further alternative, the invention includes a
et hod ofTeEdidnFgntioa R 2delr d Aauticseiapgganesedeethes dlaame suppeedspnt 40 or s
used to collect fly ash from a conbustion exhaust gas resulting fromthe
conbust i @rfust on comdlustionaair combersibustion rexhaushigss stitehodirc onger twessdaddi ng to
~the fuel an effective
back-corona discharge that could otherwise occur in an electrostatic

precipitator.

In one embodiment, the invention includes a method for improving the
efficiency of an electrostatic precipitator used to collect fly ash from a
combustion exhaust gas resulting from the combustion of a fuel in a
combustion unit. The method comprises adding to the fuel an effective amount
of a source of manganese. Alternatively, the method compris-es_ adding to the
combustion exhaust gas an effective amount of a source of manganese.

In a further alternative, the invention includes a method of reducing
back-corona discharge in electrostatic precipitators used to collect fly ash from
a combustion exhaust gas resulting from the combustion of a fuel in a
combustion unit. This method comprises adding to the fuel an effective
amount of a source of manganese. Alternatively, the method comprises adding
to the combustion exhaust gas an effective amount of a source of manganese.
Still further alternatively, the method comprises adding to the combustion

exhaust gas an effective amount of an additive selected from the group
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amount of a source of manganese. Alternatively, the nmethod conprises adding
to the conbusti on exhaust gas an effective anount of a source of nanganese.
Still further alternatively, the nmethod conprises adding to the conbustion
exhaust gas an effective amount of an additive selected fromthe group 4
consi sting of inorganic and organi c conpounds of transition netals,
actinides, |anthanides, alkali and alkaline earth netals, netalloids,

hal ogens, phosphorus, and sulfur. Also alternatively, the nethod nmay

i nclude adding to the conbustion exhaust gas an effective anpunt of an
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burners, power plant generators,

~ i nternal n usf on.devi ces, hoilers, furnaces, evaporative
burners, p a?%%)ﬁﬁé’r %%‘?1 S%g()%t é‘{\lgo %ﬁeggﬂgv;ij§ ARGt maysinciide addingotebust or
in which t%%ncob conbusi_‘ed é h%/droe%%r honaceous fuel. Also with respect to

any of the fo e%%?tﬁ%n% RBE582T AR FITEHVRain Pt f @rcerasnptom t he group

consi sting of _diesel fuel, biodiesel, biodiesel-derived fuel, synthetic

di esel, jet fUBICONREEHRABEth gryeridhefaragoutpmetibeds @ cambtigtibs, unisymshet i ¢

fuels, Fi,scher-Tropsch fuels, |iquid petroleumgas, fuels derived from

coal , codl® SYeHsH kM thegrgrpaansisting plieny anddltbupseranstationeagt s

therefrom natural gas, propane, butane, unleaded notor and aviation

gasol i nePWINEss oV aslicanstnegatssi disselivict bucoetsaigasblina s dnonarggnsyat t he

gasol i ne boiling
plant generators, power plant furnaces, any and all internal and external

combustion devices, boilers, furnaces, evaporative burners, plasma burner
systems, plasma arc, and devices that can combust or in which can be
combusted a hydrocarbonaceous fuel.

Also with respect to any of the foregoing methods, the fuel may be
selected from the group consisting of diesel fuel, biodiesel, biodiesel-derived
fuel, synthetic diesel, jet fuel, alcohols, ethers, kerosene, low sulfur fuels,
synthetic fuels, Fischer-Tropsch fuels, liquid petroleum gas, fuels derived from
cbal, coal, genetically engineered biofuels and crops and extracts therefrom,
natural gas, propane, butane, unleaded motor and aviation gasolines,
reformulated gasolines which contain both hydrocarbons of the gasoline boiling
range and fuel-soluble oxygenated blending agents, gasoline, bunker fuel, coal
(dust or slurry), clrude oil, refinery "bottoms" and by-products, crude oil
extracts, hazardous wastes, yard trimmings and waste, wood chips and saw

dust, agricultural waste, fodder, silage, plastics, organic waste, and mixtures



range and fuel -sol ubl e oxygenated bl endi ng agents, gasoline, bunker fuel,
coal (dust or slurry), crude oil, refinery "bottons" and by-products,
crude*oil extracts, hazardous wastes, yard trinm ngs and waste, wood chips
and saw dust, agricultural waste, fodder, silage, plastics, organic waste,
and m xtures 5 thereof, and enul sions, suspensions, and di spersions thereof

in water, alcohol, and other carrier fluids. Also alternatively, the
source of manganese may be selected fromthe group consisting of nethyl
cycl opent adi enyl manganese tricarbonyl, cycl opentadi enyl nanganese

tri car bortiteredsj and epohlepeis adspaydionBnged @5 er§iGRBIABRKE R Jwatbt Salcahbly |
cycl opent adi enyl nmanganese, nanganese sul fonate, nanganese phenate,

manganesexrkbbiley|arger ahtdd. cycl opent adi enyl manganese tricarbonyl,
organi ¢ manganese tricarbonyl derivatives, alkyl cycl opentadienyl’

manganese der iny@d AN&hatiiRl, ik SBUHOUEIRABEHEFRRAAES SeRBldLHbAL fife Neutral
and over based nmanganese phenates, neutral "and overbased manganese
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fuel wherein the fuel ,additive conpri ses a ffective anount of a source
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into the conqustion . . . .
tricarbonyl, organic manganese tricarbonyl derivatives, alkyl cyclopentadienyl

manganese derivatives, neutral and overbased manganese salicylates, neutral
and overbased manganese phenates, neutral and overbased manganese
sulfonates, manganese carboxylates, and combinations and mixtures thereof.
In a still further embodiment, a fuel is adapted to be combusted in a
combustion unit to result in a combustion exhaust gas, said fuel improving the |
efficiency of an electrostatic precipitator used to collect fly ash from the
combustion gas. The fuel comprises an effective amount of a source of
rhanganese. Alternatively, the invention is an additive for a fuel wherein the
fuel additive comprises an effective amount of a source of manganese.
Alternatively, the additive may be adapted to be injected into the combustion
exhaust gas, said additive comprising an effective amount of a source of

mangariese.



exhaust gas, said additive conprising an effective amount of a source of
manganese. 6 In a still further enbodinent, a fuel that is adapted to be
conbusted in a conbustion unit to result in a conbustion exhaust gas
reduces back-corona discharge in an electrostatic precipitator used to
collect fly ash fromthe conbustion exhaust gas. The fuel conprises an

ef fective anobunt of a source of nmanganese. Alternatively, an additive for
a fuel may conprise an effective anount of nmanganese. Still further, an
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organi ¢ and inorganic cofrppounds o i )

| ant hani des,, al kali_or al kaline earth t al net al | o ds, hal ogens,
phosphor Sﬂréﬁb%ttm?ulll?ﬁ o r8§1?1§ﬁn &%@hgﬁggﬂﬁffﬁﬁgsf FRRErres; hack-Farona
conmbusti an exhaust gas resulting fromthe conbustion of a fuel in a
conmbust i 8}?%&?%? i ﬁgfiﬁtﬁ%srtatall:t PRI Bsshin ﬁ%‘iﬂc,t resh feenthen incl udes
a nethod for inproving the efficiency of an el ectrostatic precipitator
used to EOMbMStion sxheaist gpsorhibs RishBoRprisss @émefiativgameustipf Risgureonf t he

conbustion of a fuel and conbustion air in a conmbustion unit. The nethod
conpr i seFaFENE§e+ S ltarpativelnes Edeitive foragniusgl reay compainsian efftctivesour ce of
manganese. |n another further enbodinment, the invention includes a nethod
of redugiwyrBadkngogonesedi Sichdngber.ramadditiet cuospesing an effepiitat or used to
collect fly ash froma conbustion exhaust gas resulting fromthe
conbust i emasitaifausdurcand ncangarsiseqrorainganic and dmdxgshio nonpiotindshe et hod
conpri ses adding to the

transition metals, actinides, lanthanides, alkali or alkaline earth metals

metalloids, halogens, phosphorous, or sulfur; or an oxygenate may be injected

into the combustion exhaust gas resulting from the combustion of a fuel in a

combustion unit.

In another alternative embodiment, the invention includes a method for

improving the efficiency of an electrostatic precipitator used to collect fly ash

from a combustion exhaust gas resulting from the combustion of a fuel and

combustion air in a combustion unit. The method comprises adding to the

combustion air an effective amount of a source of manganese.

In another further embodiment, the invention includes a method of

reducing back-corona discharge in an electrostatic precipitator used to collect

fly ash from a combustion exhaust gas resulting from the combustion of a fuel

and combustion air in a combustion unit. The method comprises adding to the

combustion air an effective amount of a source of manganese or an effective

amount of an inorganic or organic compound of transition metals, actinides,



conbustion air an effective amobunt of a source of manganese or an effective
anount of an inorganic or organic conpound of transition netals, actinides,
7 lant hani des, alkali or alkaline earth netals, netalloids, halogens,
phosphorous or sulfur. Brief Description of the Drawings Figure 1 is a
graph denonstrating conparative fly ash resistivities of a conbustion gas
during a trial experinent. Figure 2 is a graph denonstrating the fly ash

m neral conposition change as a result of the addition of a manganese
source tq tg§ tHeI in the trial experinment. Figure 3 denonstrates that an
i ncr ease [PRUIRMLEASE! /1K Jukabne sarthy mgtals aidat hafogemst phiasiidroi:s
back-corona di scharge. (See Figure 4). Figure 4 is a graph denonstrating
the oil 6§é§%ﬁ0érsus stack opacity of a portion of the trial run of the
present invention. Detailed Description of the Invention The focus of the
present invention and the inprovenent described herein is to enhance the
operation of electrostatic precipitators (ESP's) in collecting fly ash
from conmbusti on exhaust gas that results fromthe conbustion of a

hydr ocar bonaceous fuel wi th conbustion air in a conmbustion wunit. Thus,
according to one enbodi ne@rieffDédeeippiorsenthel DMEHke@N, an effective anount
of a source of manganese is added to the fuel, to the conbustion air, or
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combustion gas during a trial experiment.
Figure 2 is a graph demonstrating the fly ash mineral composition

change as a result of the addition of a manganese source to the fuel in the trial

experiment.
Figure 3 demonstrates that an increase in resistivity during the trial
experiment did not result in back-corona discharge. {(See Figure 4).

Figure 4 is a graph demonstrating the oil usage versus stack opacity of a

portion of the trial run of the present invention.

Detailed Description of the Invention

The focus of the present invention and the improvement described
herein is to enhance the operation of electrostatic precipitators (ESP’s) in
collecting fly ash from combustion exhaust gas that results from the
combustion of a hydrocarbonaceous fuel with combustion air in a combustion
unit. Thus, according to one embodiment of the present invention, an effective
amount of a source of manganese is added to the fuel, to the combustion air, or

to the combustion exhaust gas to improve the resistivity of fly ash, thereby



8 making the collection of the fly ash by the ESP nore efficient. Wether
added before or after conbustion, the manganese reacts with, coats, or

ot herwi se becones intermngled with the fly ash to inpart inproved
resistivity attributes thereto and, and thereby inprove the efficiency of
the ESP operation. An effective anmpbunt of a source of manganese added to a
fuel or to the conbustion air, for exanple and without limtation, is-

bet ween about 2 and 200 ppmwt/wt percent manganese in the fuel. Mre
preferabgﬁﬂfthe effﬁgtive amoynt of a source of manganese added is between

about 5 188 thp FPUEFHRN op Ehe R shebiy HHeEBPimormeliicisat. Whethey askledsed i n
burners such as those found in industrial furnaces and utility power

gener at i BRfore of aéles compustinih ghadnangangseeagtdeitht eoatse of gehemwseaot ed or
also directly to the conbustion air, or the conbustion exhaust gas stream
at any t Ppgorbes irlermhegled it tthe dlyeadiaissimpant impravdtk sedibiaviESPtisitattesn The
treat rate of the additive in the conbustion exhaust gas shoul d range

bet ween tiroeto 8nd, and tBemti impmyandbe effediendiwef the ESRepseatdn. of the fly
ash. In addition to inproving the operation of an ESP by i nproving

resistivity Mof effeetif¢ ynasint dfhespueseitmanyensearides! @l s0ueddresged to the
problemin ESP's of back-corona discharge. In this enbodi nent, the

| mpr ovenesthboktibheipr ésegtamplRVAN kethdNAIHABEcHSR ItweBAGHRES hAdf uel , in
conbustion air, and/or in a conbustion exhaust gas streamto reduce

back- cor 90@ firs Ghak@drBemSRatiganfbd &1 B fed! WolSredddbly UBeiditebife f Uel

conbustion air, or conbustion exhaust stream nay ‘be anot’her fl ane

SUpPPr esSaorti OF LSoulRIH3RALg MR HRVACis between about 5 and 50 ppm wt/wt
percent manganese in the fuel. It may be used in burners such as those found
in industrial furnaces and utility power generation furnaces. This manganese
can be added to the fuel as noted or also directly to the combustion air, or the
combustion exhaust gas stream at any time before the combustion exhaust gas
reaches the ESP system. The treat rate of the additive in the combustion
exhaust gas shouid range between about 0.5 and 3 wt% manganese relative to
the weight of the fly ash.

In addition to improving the operation of an ESP by improving resistivity
of the fly ash, the present invention is also addressed to the problem in ESP’s
of back-corona discharge. In this embodiment, the improvement of the present
invention includes use of manganese in fuel, in combustion air, and/or in a
combustion exhaust gas stream to reduce back-corona discharge in ESP’s.
Alternatively, the additive in the fuel, combustion air, or combustion exhaust
stream may be another flame suppressant such as inorganic or organic

compounds of a transition metal, an actinide, lanthanide, alkali or alkaline



conpounds of a transition netal, an actinide, |anthanide, alkali or

al kaline 9 earth netal, inorganic and organic hal ogen conpounds, inorganic
and organi ¢ phosphorus conmpounds, and inorganic and organic sul fur
conpounds, each of which has flame suppression capability through sone
formof free radical or ion quenching nmechanism Still further
alternatively, the addition of oxygenates to the conbustion exhaust gas
streammay simlarly reduce back- corona discharge. The basis for the
reduction or inhibition of back-corona discharge is found in the phenonena
of flane egsdednetslihatgaoric bypdastghhioleslogSe eongeneid, ivergainit Qﬁﬂ%rg&rc

Rumm nger, M, Babushok, V., Chelliah, H , Lazzarini, T.,

Wani gar atpimspheruficoaipdRepty, tandNewrdanst (anlwa@@hhi@sﬁlfufd c&@%&@ﬁa@z}éh of
Nat i onal Institute of Standards and Technology (NI'ST), Technol ogy

Adni ni st rebichrhad fi&neDapairesEioh @ipaGa (2 Mm%ofggm of free radical or
http://fire.nist.gov/bfrl]2ubs~fireQ2/ DF/f . pdf . Sone. netals iIn a fuel

decrease lbhell.fdrﬁﬁﬁl@ﬁfb@ﬂamsrﬂu@lﬂhfﬁ}ghéoﬁf%ﬁfdt%y Ak & ﬂd%u gl ons that
support conbustion. Metals such as manganese, er therig t conbustlon

condi t i OnsygPRORYASE 16,0 USSR PEAS %tfﬁ s"st}%nfdlgf{éilrhgg}gsg{mg%%s fadical

si nks and S|gn|f|cantly decrease the ning velo

Accor di n%¥mn§d1§@1@9€§ese containing additive can be regarded as a flane
suppressant that s accordingly to the sane nechani sm hbnely, on

combustion W i q,,.f ’th'etrea{l 9 o BF éﬁﬁ r?:?@ﬁr? 3’3 gﬁgﬁzé:%gghg %1sc%arlég tié on

products that act ‘as |caI

found in the phenomena of flame speed modulation by additives. See
generally, Linteris, G., Rumminger, M., Babushok, V., Chelliah, H., Lazzarini,

T., and Wanigarathne, P. Final Report: Non-Toxic Metallic Fire Suppressants.

National Institute of Standards and Technology (NIST), Technology
Administration, U.S. Department of Commerce, May 2002.

http:/ /fire.nist.gov/bfripubs/fire02 /PDF /{0201 1.pdf. Some metals in a fuel

decrease the flame speed by quenching combustion radicals and ions that
support combustion. Metals such as manganese, under the right combustion
conditions, produce combustion products in the flame that serve as radical
sinks and significantly decrease the burning velocity of a flame. Accordingly, a
manganese-containing additive can be regarded as a flame suppressant that
works accordingly to the same mechanism. Namely, on combustion with a
fuel, it produces inanganese containing combustion products that act as flame
radical and ion quenchers.

In operation, an electrostatic precipitator is operated at a very high

voltage in order to create a very strong electric field. This high electric field is

10



In operation, an electrostatic precipitator is operated at a very high
voltage in order to create a very strong electric field. This high electric
field is 10 created because the larger and nore powerful the electric
field, the nore fly ash particles will be attracted to. and coll ected on
the collector plates of the system The upper limts of voltage that may
be used to create a strong electric filed are defined by those voltages
where the field is so great that a back-corona discharge effect is noted.
In other words, an electrostatic precipitator is preferably operated at

t he highest electric fjeld (highest voltageﬁ possi ble wthout seeing the
ef fects GFedfsdibecsrsnibaiargrnrgd marepPUEHY! fhe elscirie fiekt éhe more fly ash
back-corona di scharge may be chem cally reduced or elimnated through the
use of addrticlgswiildacaitiatedde aing callestast o dhemolledbr phateslofthe oysiam.c
precipitator may be inproved. By reduci ng back-corona di scharge, the use of
t he addi flihgaappen lonitstdfsobipae dhat mely hhus&bro tredtaarsaseg thetnolfilaerof
operation of the ESP and, therefore, increase the efficiency thereof by
col | ect i dgfined dyf thpseasttages wilelreshe Tikldsis sicgeas edavalbaagecavail abl e as a
result of the use of the additives identified herein is not otherw se

avai | abl disittzrgeeffecteiatiotgd. Snhahantioads,backieanenaidpaehsita@ragd t he
resulting reduction in efficiency in the electrostatic precipitator. The

use of ophekrallgngicrated AEMhal lsighast élBeEasHicliqRidIRRt d68agd| fakiniand
al kaline earth netals, netalloids, inorganic and organic hal ogen conpounds,

0 Sneaan o, shorVackOmOM S| NS LOROLE
~ that back-corona discharge may be chemically reduced or eliminated through

the use of additives described herein, the efficiency of the electrostatic
precipitator may be improved.. By reducing back-corona discharge, the use of
the additives allows the operator of the ESP to increase the voltage of operation
of the ESP and, therefore, increase the efficiency thereof by collecting more fly
ash particles. This increased voltage available as a result of the use of the
additives identified herein is not otherwise available without creating
substantial back-corona discharge and the resulting reduction in efficiency in
the electrostatic precipitator.

The use of other transition metals, actinides, lanthanides, alkali and
alkaline earth metals, metalloids, inorganic and organic halogen compounds,
inorganic and organic phosphorus compounds, and inorganic and organic
sulfur compounds, operate by an analogous mechanism of radical and ion
quenching in order to limit back-corona discharge on an ESP collector plate.

The foregoing compounds are added in the same effective amounts as

manganese to the fuel or combustion air. Still further, nonmetallic compounds

11



guenching in order to limt back-corona discharge on an ESP col |l ector

plate. The foregoi ng conpounds are added in the sane effective anpbunts as
manganese to the fuel or conbustion air. Still further, nonnetallic
conpounds 11 such as oxygenates that decrease the velocity of flanes by
pr.oduci ng radi cal and ion quenching species in the flame will be simlarly
functional in reducing or inhibiting back-corona discharge. These
oxygenat es nmust be introduced into the combustion exhaust gas rather than
bl ended into a fuel or conbustion air prior to conbustion. The treat rate

of the addicti ue cipgdrhaes abaédrenseuliauabeionss ALy HARGR:HZLIERY about
el ene relfa

0.5 and 3 wt% of the respective netal and/or netall ol tive to

the wei ghindfort §RehédindSdpecldd ihNeGBSEe Hin @éyﬂﬁﬂ%:r 2RI a1 ?rggéé%gg gre

injected into the conbusti on exhaust gas stream e oxygena

able to dgl ihlﬁ%iti%ﬁ‘bajc@(—%l%ﬁ)ﬂiggﬂafg%l altﬂe\é@.ohtg'géggte%gg E%E%’%IQSB%% " ash.

The hal ogen phosphorus, and sul fur-containi conpoun eat ed

P anganadti Y cbBRENRAhLRL BL ¥ED RS ARG 1o Al dakniSttion”

a
"manganese” herein I s meant any“mangane

naterial%dp?gggqggoﬁhnﬂ&gﬁyrspr, such as but not limted to nethyl
cycl opent adi enyl  manganesé 'tri carbonyl, nanganese sul fonate, nanganese

AR ot bia i iode TEh iy e ek RE e R T

bi s cycl opRer TAFERGT <bRihgTnede T KL S Ry eepe bisane B dreyr megaibee.

neutral %?e%gr\{f 1Ee gﬁgg to the weight of the fly ash. In the case of oxygenates being
aspirated or injected into the combustion exhaust gas stream, the oxygenates
must be able to deliver 3 — 10 wi% oxygen relative to the weigh.t of the fly ash.
The halogen phosphorus, and sulfur-containing compounds should be treated
at 1 - 3 wt% of the element relative to the quantity of the fly ash.

By “manganese” herein is meant any manganese or manganese-
containing material, compound or precursor, such as but not limited to methyl
cyclopentadienyl manganese tricarbonyl, manganese sulfonate, manganese
phenate, manganese salicylate, cyclopentadienyl manganese tricarbonyl, alkyl
cyclopentadienyl manganese tricarbonyl, organic manganese tricarbonyl
derivatives, alkyl cyclopentadienyl manganese derivatives, bis-cyclopentadienyl
manganese, bis-alkyl cyclopentandienyl manganese, neutral and overbased
manganese salicflates, neutral and overbased manganese phenates, neutral

and overbased manganese sulfonates, manganese carboxylates, and

combinations and mixtures thereof.
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manganese salicyl ates, neutral and overbased nmanganese phenates, neutral
and over based nmanganese sul fonates, manganese carboxyl ates, and

conbi nati ons and m xtures thereof. 12 According to one enbodi ment of the
present invention, a preferred manganese source is mnethylcycl opentadi enyl
manganese tricarbonyl, available fromEthyl Corporation as MMIqQD Gasol i ne
Addi tive, or H TECO 3000 Performance Additive, or GREENBURNS Fuel
Additive. By "conmbustion unit" herein is neant any and all internal and
external conbustiQon devi ces, machines, boilers, furnaces, incinerators,
evaporati ve 68?%%?%8t%P§§ﬁﬁn®%#ﬁ§ﬁ“§¥§héﬁ%emﬁﬂé§ﬁﬁnﬁﬁﬁ:ai#@%t@mbry bur ner s
and the |like which can conbust or in which can be conbusted a

hydr ocar FBRBgERes Jawsre is ruetbpleyolopentadiandnmangenésexaitaghdngl avadakley, or
it my be nobil (e.g. a railroad |oconotive, truck's, etc.). The

conbust i dreramthy] Eofperation an MME® Gasdlinrabdditivef ot MEC@S@B@O i nvention

i nclude any and all burners or conbustion devices, including for exanple
and wi t hderforimmrtcatAdditiver ef GRERMNBURN® y‘uebﬂdd'ﬂiv:e, wast e i nci nerators,

di esel fuel burners, gasoline fuel burners, power plant generators, power

pl ant fur naceBy “enthtuwtidri Writ” Heecihyid meatthonasagudl infteelal @rbagbioN units
that may benefit fromthe present invention include all combustion units,

syst ens, comidion asdies, raaghites, bhiddrshAlithaREs OkcHairhvaky evafranpese
hydrocarbonaceous fuel's. Fuels suitable for use in the operation of

conbust i GuryBd qgmémhfmwe@%%@emé M8 BI04k ¢l BedtiRrPYAIreess RRRaseals fuel s

such as but not limted to diesel
which can combust or in which can be combusted a hydrocarbonaceous fuel.
A “combustion unit” may be fixed and stationary, or it may be mobil (e.g. a
railroad locomotive, truck’s, etc.). The combustion units effective in the
utilization of the present invention include any and all burners or combustion
devices, including for example and without limitation herein, stationary
burners, waste incinerators, diesel fuel burners, gasoline fue} burners, power
plant generators, power plant furnacesA, and the like. The hydrocarbonaceous
fuel combustion units that may benefit from the present invention include all
combustion units, systems, devices, and/or engines that burn or oxidatively
decompose hydrocarbonaceous fuels.

Fuels suitable for use in the operation of combustion units of the present
invention include hydrocarbonaceous fuels such as but not limited to diesel
fuel, jet fuel, alcohols, ethers, kerosene, low sulfur fuels, synthetic fuels, such
as Fischer-Tropsch fuels, liquid petroleum gas, fuels derived from coal, coal,

genetically engineered biofuels and crops and extracts therefrom, natural gas,

propane, butane, unleaded motor and aviation gasolines, and so-called
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fuel, jet fuel, alcohols, ethers, kerosene, |ow sulfur fuels, synthetic
fuels, such as Fischer-Tropsch fuels, liquid petroleumgas, fuels derived
fromcoal, coal, genetically engineered biofuels and crops and extracts

t herefrom natural gas, propane, butane, unleaded notor and aviation
gasol i nes, and so-called 13 refornul ated gasolines which typically contain
bot h hydrocarbons of the gasoline boiling range and fuel -sol uble :
oxygenat ed bl endi ng agents, such as alcohols, ethers and other suitable

oxygen- cQnt ai ni,n rgani_ c _conpounds. .. Ot her, fuels that are useful in the
met hods %ﬁ%)%gﬁ%gescfg%??qUW|stV§hlg?‘ YRE Al fophuin hothdardrorashensgyaktia ne, bunker
fuel, coal gpusb gr slurr %%-?rqde o%l, refinery "bottons" and
by- pr odu&fE°RY fREM T2 ¢ fuel-spluble pygenateddalengingiagentsniuayasand
wast e, wood ggips and saw dust, agricultural waste, fodder, silage,
pl asti cs AR Heher: gadidharsvitableqraigepycontamieg sTeasrd cotpaitets. t her eof
.and enul si ons, suiggnsions, and dispersions thereof in water, alcohol, or
ot her caldthsr faelgithat apy usafd de|the meethoHe meidncarsbustion writs of theopeesknel s
sel ected fromthe group consisting of diesel fuel, biodiesel,
bi odi eseln@aiaredre gagdlines purtker ifgeldiceskeiduash dr sluatryy, esutibeileoéfindige ter m
"conbustion air" includes anbient or pressurized air or any other oxidant
that is cbothomstand ibhpaoduets, crude cibektratigmaunidousihasws, gard  nay be
gaseous or it may be liquid or solid or mxtures or precursors thereof.
The conbisitimings andewashe wolst thipathmt sew diesteaphisiiiRl Wwaste! RTddse
nodified to neet or maximze the efficiencies of the combustion unit.
Oxygenat eflageli plabties had chti eR@Init $Rskd ahAPoPHETRBHUERY 8d Rkthirel ude

thereof, and emulsions, suspensions, and dispersions thereof in water, alcohol,

or other carrier fluids. By “diesel fuel” herein is meant one or more fuels

selected from the group consisting of diesel fuel, biodiesel, biodiesel-derived

fuel, synthetic diesel and mixtures thereof.

The term “combustion air” includes ambient or pressurized air or any

other oxidant that is combusted with a fuel in a combustion unit. The oxidant

may be gaseous or it may be liquid or solid or mixtures or precursors thereof.

The combustion air may be additized prior to combustion or otherwise modified

to meet or maximize the efficiencies of the combustion unit.

Oxygenates suitable for optional use in the present invention include

methanol, ethanol, isopropanol, t-butanol, mixed alcohols, ethers such as

methyl tertiary butyl ether, tertiary amyl methyl ether, ethyl tertiary butyl ether

and mixed ethers; polyethers such as 2-methoxy ethyl ether (diglyme), triglyme;

polyols; poyether alchols such as di(ethylene glycol) monomethyl ether, and

mixtures thereof.
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met hanol , et hanol, isopropanol, t-butanol, m xed al cohols, ethers such as
methyl tertiary butyl ether, tertiary anyl nethyl ether, ethyl tertiary
butyl .ether and m xed ethers; polyethers such as 2-nmethoxy ethyl ether
(diglynme), triglyme; polyols; poyether alchols such as di(ethylene glycol)
nmononet hyl ether, and m xtures thereof. 14 Exanples of transition netals
that are recognized to be flane suppressing by decrease the burning
velocity of flanes through nmechanisms such as radical and ion quenching
are i nor gani c Egampleg b tansitipo omdslothal, areGecogtizedPer be€dlanye Zr, M, Ru,
Rh, Pd Ag, Cd, H, W Re, GCs, Ir, and Pt. The Ilanthanides with simlar
capabi | i tSuaprassingiyr dgemeasatit bugaingevetariposiitemes thicdugHomeckBnighg Lu.
Actinides that may be used in this application are inorganic and organic
conpoundssush d$radiaaband ibn Meeathirigdsre inatgaxbidid o@asidtdBbouhdadien are
i norgani ¢ and organi ¢ conmpounds of B, A, Ga, Ge, In, Sn, and Pb. Alkal
et al corfroMdsFel G6, exhi, b, ROMRLY, IFINB: r €4 Al apc realReid Mq Bp @Lder of
magni t ude hi gher than the corresponding transi'sition metal concentrations.
Sone of thetHmiiaes wetHhihildmeatdHiBe: il fé}slrﬁ Li,
Na, K, Rb, and Cs. Organic an E?%%?gi%%%ﬁgg &gﬁﬁggig a ﬁ% I gﬂggf net al s
such asgh ' : Is . sim,tar. fashion to al kali
retal s T e Dopar kA ctitdcd alhdi e B0 i oS Borefnid
power pl g [ fyuel 0kl . ri the .experinent,
A QiALSh Rgﬁﬁg d?@fﬂ“ﬁéb % % %ta}lgk%srﬂj% eﬁ'g"%}glaeﬂnﬁ

vari ous observati ons measurenmen Wwe Fi gures
1-4. Dur iﬁ@ﬂctﬁ&? af& PI?(SIIQEEEE[ and organic compounds of B, Al, Ga, Ge, In, Sn, and Pb.
Alkali metal compounds also exhibit some flame retardancy albeit at an order
of magnitude higher than the corresponding transisition metal concentrations.
Some of the metals exhibiting this feature are inorganic compounds of Li, Na,

K, Rb, and Cs. Organic and inorganic compounds of alkaline earth metals such

as those of Mg, Ca, Sr, and Ba perform in a similar fashion to alkali metals.

Trial Experiment

The present invention was tested in a trial at power plant generator
burning number 6 fuel oil. During the experiment, various observations and
measurements were recorded as noted in Figures 1-4. During the experiment,
measurements were taken during week 1 when fuel without any additives or
treatment as claimed in the patent was burned. Subsequently, from the
beginning of week 2 until the end of week 5, a source of manganese was added
to the fuel burned in the -generator at a treatment rate of 15 ppm wt %

manganese in relationship to the weight of the fuel burned. It is noted that the
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measurenents were taken during week 1 when fuel w thout any additives or
treatnent as clained in the patent was burned. Subsequently, fromthe

begi nning of week 2 until the end of week 5, a source of nmanganese was
added to the fuel burned in the generator at a treatnent rate .of 15 ppm w
% manganese in relationship to the weight of the fuel burned. It is noted
that the 15 additized fuel used at the plant remained relatively constant

f t ] ' trial. Fi J ft t f ks of

L1 eat nont S RReRE AR e bRy Rined Rkl risFan 67 meiotirenout o
f ded...B f uel iabilit it t

incomron P LSE PR mEERR: $e0\nd bR pine s T4t g the gl mimge | n

the same bgrneé%gjr%. In order to con{rol the efficiency of the ESP to
count er acy ST aBFTT 882N AR Thel pithaut a(ssysye pf mgngemedoeddednt o t he
flue gas upstﬁfan1of tge ESP. The S03 is used to lower the fly ash
resistivity i mEass Adeetanre vesabilitys drigmet aingemmonTht he Byiash t he
case, before one can ascertain the inpact of an additive on ESP

ef fi ci encyFSISHY toultarha laggediesitivieneanas intthe sainte bushst Lwitt In opdgratol sons
are carried out at _the same S03 concentration in the fly ash. Figure |
shows t hecomtyolddr afbeienty iof yhe E&fyle exiterastiuhis vdriabitianganfserioddd ti ve
dosed in Number 6 fuel oil at a treat rate that delivers about 20 ppm

w O o narl§éhkieoften desed o, thEhue kas gpsihaant ef gravEsed Tief Sosesn uwegko3 and
week 5 because these were the tinme periods in the testing when the flue gas
cont ai nedowenthe &ylash msidtivitf in0tRe aescPRABIDOESPaRR{drindhe I Bhid
graphic. The resisitivity value change froma high of 2.84 x 107 to a | ow
of . 2. 16 »beifi§ the bawe) before one can ascertain the impact of an additive on ESP

~

efficiency, care must be taken to ensure that all resistivity comparisons are
carried out at the same SO3 éoncentration in the fly ash.

Figure 1 shows the fly ash resitivity change as a result of a manganese
additive dosed in Number 6 fuel oil at a treat rate that delivers about 20 ppm
wt% manganese to the fuel. The change was determined between week 3 and
week 5 because these were the time periods in the testing when the flue gas
contained comparable levels of SOs, as can be seen in the Figure 2 graphic. The
resisitivity value change from a high of 2.84 x 107 to a low of 2.16 x 108, shown
in Figure 1, is attributed to the effect of the manganese added to the fuel. This
lowering of fly ash resisitivity with duration of manganese use results in

significant ESP efficiency.

Some fuels burn in combustion units to produce fly ash with a high

resistivity. Other fuels initially produce fly ash of low resistivity because of a
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in Figure 1, is attributed to the effect of the manganese added to the
fuel. This Jlowering of fly ash resisitivity with duration of nanganese use
results in . significant ESP efficiency. Sone fuels burn in conbustion units
to produce fly ash with a high resistivity. Oher fuels initially produce
fly ash of lowresistivity because of a 16 high carbon content, but on
subsequent carbon bumout, the resistivity increases significantly. In
bot h cases above, where the resultant back resistivity fly ash enters the
ESP, if that resisitivity is higher than 1.0 x 109, then a phenonenon
called "hi cqorona di scharge” occur. Figure 3 shows that between test
week 3 an %El ‘faﬁé’o}alcg?nﬁ%t’ ?’é@lqﬁ Fv ﬁﬂqeﬁér‘:@ﬁ}%‘%%w%ﬁ’nu@.@l? EsigFityohmcm to a
back corana inducing_level of 2.14 x 109 Chmcm For the ESP to capture
fly ash &PCE‘%?CS&‘?S&%%E&W ¥%i dphofh cpses gloyo e dheseswisant baek el ect r odes
has to be_ increased in order to force a negative charge onto the fly ash
part i cul FESSUTEYSDhag epéeathe FS Rl thet xssisitietyisbigher dbpad .0k 16% 1y ash
| ayer on the collector anode to ionize. The resulting ions and radicals
give a "Bene ghsnemsnopgealledodich carmns discharged manocorr. | Bigurg!s snowgh,
there is an arc discharge between the el ectrodes that forces the ESP

cont r ol s that betEeen kst waslk dgad 4 the dgrashorestivityl intidascldedmcnBana 107

di scharge. A lowering of electrical potential between the el ectrodes
direct|y Obmees: tohe bESR cefdina imdaging Tined ofidul 4x 109 GeRNcAS Fal thB EERASE | N
flue gas opacity. In addition, every time a back corona. discharge event
occurs, tdmpterd 8y mehioftsuaibnabatk etsibltivigs thé porardthe beanede thOllRetddesp! at e

back into the flue gas flow stream and can seen as
has to be increased in order to force a negative charge onto the fly ash
particulate. This high potential may cause the gases trapped in the fly ash
layer on the collector anode fo ionize. The resulting ions and radicals give a
“blue glow” at the anode , and if the ionization is high enough, there is an arc
discharge between the electrodes that forces the ESP controls fo lower the
voltage in order to control this back corona discharge. A lowering of electrical
potential between the electrodes directly lowers the ESP efficiency. This would
be seen as an increase in flue gas opacity. In addition, every time a back
corona discharge event occurs, there is re-intrainment of fly ash from the
anode collector plate back into the flue gas flow stream, and can seen as
transient “puff”’ spikes in flue gas opacity readings. None of this back corona
discharge phenomenon was observed in the visual opacity observations made
during the testing of the manganese-containing additive. Figure 4 shows the
opacity change between the two test weeks corresponding to the resisitivity

change in Figure 3. The lower two data points in Figure 4 show an increase in

opacity from week 3 to week 4. However, this increase is ascribed to the fact



transient "puff' spikes in flue gas opacity readings. None of this back
corona discharge phenonenon was observed in the visual opacity
observations made during the testing of the nanganese - contai ning
additive. Figure 4 shows the opacity change between the two test weeks
corresponding to the resisitivity change in Figure 3. The |ower two data
points in Figure 4 show an increase in opacity fromweek 3 to week 4.
However, this increase is ascribed to the fact 17 that there was a

cor r esporiph gh¢mwadas rororesponeline terl fdréyset ReregRRed bBYheAabEePQIdt s in
Figure 4, and this fuel throughput increase results in the non- |inear

opaci ty idarammsﬁmwgura*neahaodhi@fuarmr@@%mmhep@a&i&@ﬁﬁ&gﬁ th¥eYS 1S a

direct result of the use of manganese in the fuel. A power plant generator

that i ncairpar apasit iA6rdaes shevrlNThe 150126t £nf BacRitbPilla a&&%@&&imr&gw
directly related to the anbunt of fuel conbusted in the co stronunit.

The reguladiredt RsubPeCieYud¥enadbahbs PRI ON exhaust gas fromthe
conmbustion unit is an effective cap on the anount of power that the power

neration unigtyd : i ri riment, .th power
gﬁt put :‘ rom-t ﬁep%‘gﬁfr)iagﬁg%g?gﬁtggttg#{alrﬂcloﬁ%%/ﬁ%es éicgﬁﬁ]’?%{;on Plyq&l lﬁc"’}btel%g%d

ot BEEREEAR. A0 B ALY OBAFLd ol SHEL P B
360 meosnateEm Rl ot S RS Sh B R e RSBl By e B SR st he
e g BSREE coRRETR DB Mot o S R e el 2o
of the power generation unit is allowed to output. In this trial experiment, the

power output from the power generation plant may be significantly increased

without exceeding a regulated maximum opacity level with use of the claimed

additive. Specifically, at the power plant where the trial experiment was run,

the power output was increased from a baseline 340 megawatt level to 360

megawatt without exceeding the regulated opacity level. Witﬂout the

manganese additive, increasing load to over 340 megawatt exceeds regulated

opacity level. As demonstrated, therefore, the power generation efficiency of

the power plant was increased by more than 5% as a result of using the

manganese additive in the combustion unit.

A copending application, Serial No. 10/322,158, filed December 18,
2002, discusses other benefits identified in the same power plant furnace trial.
That application is incorporated herein by reference.

It is to be understood that the reactants and components referred to by

chemical name anywhere in the specification or claims hereof, whether referred
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the power plant was increased by nore.than 5%as a result of using the
manganese additive in the combustion unit. A copending application, Serial
No. 10/322,158, filed Decenber 18, 2002, discusses other benefits
identified in the same power plant furnace trial. That application is
incorporated herein by reference. It is to be understood that the reactants
and conponents referred to by chem cal nanme anywhere in the specification
or clains hereof, whether referred -18 to in the singular or plural, are

i denti fi éelimshe sEygudar st phuraiy ateCideifing dsihey ekRRUATT (W éd?nﬁ@%{g@f
substance referred to by chem cal nane or chemcal 'type (e.g., base fuel,

sol vent, cebtack with amBtiher sulahnwb atfesR@AMoOR) cﬁé}ﬁli&ﬁ’%g’amé Bfi@ﬁof:r%ri%ttigﬁ? at on

and/or reactions, if any, take place in the resulting m xture or

or react {0g., rdk freRSobual, SRINAE tnatkdRNFIANHBL LiODS:ANdL9L . €actions are
t he natu!aig result lgf bri ngi ng t he e'lspeci fied reactants a%é%%sr’ conponent s

t oget her traR@€drnb oD RAR Y PRSI ERNSC S J:RF +RKE tinliQ el i.S;...di sclosure. Thus
thg reactants and conpon;énts acﬁfg isaentr%igjs gisé?clgnlar glglrgl’sl Iglrfgom%télrﬁro(gught

t oget her s&ier of FeReohOLENAS L& JGSIH Sﬁﬁé‘egs;”tfagl%&ﬁ%ﬁégga%ézgﬂgs

formation Of' the organoneta i c gomégggntr te or..additized fuel blend). It

Wl s sions 8 B8 B PR o e e GrBCieH cat G pendagd  or

o ends 4anieflott oo Pasr sl st el e o2 ndler o

P O Ase TR N R e ents fre SohiRed 26 gredionts 1
be brought together either in performing a desired chemical reaction (such as
formation of the organometall'ic compound) or in forming a desired composition
(such as an additive concentrate or additized fuel blend). It will also be
recognized that the additive components can be added or blended into or with
the base fuels individually per se and/or as components used in forming
preformed additive combinations and/or sub-combinations. Accordingly, even
though the claims hereinafter may refer to substances, components and/or
ingredients in the present tense (“‘comprises”, “is”, etc.), the reference is to the
substance, components or ingredient as it existed at the time just before it Wasr
first blended or mixed with one or more other substances, components and/or
ingredients in accordance with the present disclosure. The fact that the
substance, components or ingredient may have lost its original identity through

a chemical reaction or transformation during the course of such blending or

mixing operations or immediately thereafter is thus wholly immaterial for an
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ingredients in the present tense ("conprises", "is", etc.), the reference
is to the substance, conponents or ingredient as it existed at the tine
just before it was first blended or m xed with one or nore other

subst ances, conponents and/or ingredients in accordance with the present
di scl osure. The fact that the substance, conponents or ingredient may have
lost its original identity through a chem cal reaction or transformation
during the course of such blending or mxing operations or imrediately

t her eaf t @icclipateigdefaehh dinks TR Egbf"éciét%n 8RR cﬁgﬂ%@xteeaﬂ@ QE% AR ng and
appreciation of this disclosure and the clains thereof. Tn'this

speci fi Cﬁh Ay reference has been made to a nunber of U S, Patents,

publ i she orei gn patent applications and/or published technical papers.

Al'l such cite u : XPr |y_ incarporated in full i this
di scl osure asﬂ??ﬂ %uﬁé%ﬁfz%a?c{@dﬁe ﬁer%é?eelﬁﬁs bfﬁlllgn?ﬁ?/g?’n?irbwggr St@f:gpti ble to
considerafhle variation..n i.ts practice. Therefore the. foregojn
descri pt ?:t(%lr%griltss’ R&%ﬁﬂsﬁF d forsden ggf:?r}ﬁ ??ﬁ%m?ﬁo&mcg;oﬁd{u Eheéd%gj(’l}lg‘@& as
limting, the invention to the particul ar ex l'ifications resented
her ei nabd\7&®e" %M ‘fc%’ﬁ‘f‘?@c}lﬁfeé)ﬁﬁ@&e pﬁpwsg’g&épgaoq%efggg@ pterfHs in the
ensui ng cj.ai.ns and Hl_e equi val ents thereof permtted as a matter of |aw
Pat ent ee RS WS 2% HiuHY Seb 1taiteie® - any di scl osed enbodi ments to the
public, and to the extent any disclosed nodifications or alterations nmay
not |iteral | yhisainveption; i susscrtblsctoggonsiderablg variatiorjn diseprsstiseder ed t o
be part of the invention under the doctrine of equivalents.

Therefore the foregoing description is not intended to limit, and should not be

construed as limiting, the invention to the particular exemplifications

presented hereinabove. Rather, what is intended to be covered is as set forth

in the ensuing claims and the equivalents thereof permitted as a matter of law.

Patentee does not intend to dedicate any disclosed embodiments to the
public, and to the extent any disclosed modifications or alterations may not

literally fall within the scope of the claims, they are considered to be part of the

invention under the doctrine of equivalents.
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20 What |Is Cained Is: 1, A nethod of inproving the efficiency of an

el ectrostatic precipitator used to collect fly ash froma conbustion
exhaust gas resulting fromthe conbustion of a fuel in a conbustion unit,
the nethod conprising adding to a fuel an anmount of a source of nanganese
effective to inprove the efficiency of the electrostatic precipitator. 2.
A nethod of inproving the efficiency of an electrostatic precipitator wused
to collect fly ash froma conbustion exhaust gas resulting fromthe
conmbust i g afisanihiugkqitg @ conbustion unit, the nethod conprising adding to
a conbustion éexhaust gas an anount of a source of manganese effective to
inprove the efficiency of the electrostatic precipitator. 3. A nethod of

reduci ng backscaqr I rge.in.an ectrostati recipitator used to
collect fly a%h%f I(r%{él’?hhga ?gﬁgg ' OR tg‘;’( ﬁgltfé?ncé'a%{%gf?ﬁﬁ%ﬁgau‘?%‘?ﬁ@ﬁ%mr

conbust i f. a fuel.in conmbustion unit,.the nethod.conprising adding to
a fuel aﬁggﬁgﬁﬁpﬁ%&@gg@lfrco(gngfC%ﬁ&gﬁ%gkgﬁp%gqvée%u;lgg{%t Sck- corona
di scharge i ol ag egﬁctfoeitati C lggeci.&iltat_or. 4. A nethod .of reducing

back- cor SHEPYSEORG Felih 137 e1BbtplR ik thereethed campprisggrddngdPlact fly
ash froma conbusti on _exhaust gas resulting fromthe conbustion of a fuel
inaco AORMEHIE of enIoUrsE 9 aﬂ%reﬁﬁm8§ieﬁgc12&e tanpgpvedhs ofbetsusyiodn
exhaust gas an amount of a source of nanganese effective to reduce

back- cor BifaclerueRtatifepTasipifaterect rost ati ¢ preci pitator.

2. A method of improving the efficiency of an electrostatic precipitator
used to collect fly ash from a combustion exhaust gas resulting from the
combustion of a fuel in a combustion unit, the method comprising adding to &
combustion exhaust gas an amount of a source of manganese effective to

improve the efficiency of the electrostatic precipitator.

3. A method of reducing back-corona discharge in an electrostatic
precipitator used to collect fly ash from a combustion exhaust gas resulting
fr-om the combustion of a fuel in a combustion unit, the method comprising
adding to a fuel an amount of a source of manganese effective to reduce back-

corona discharge in an electrostatic precipitator.
4. A method of reducing back-corona discharge in an electrostatic

precipitator used to collect fly ash from a combustion exhaust gas resulting

from the combustion of a fuel in a combustion unit, the method comprising
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5. A nethod of reducing back-corona discharge in an electrostatic
precipitator used to collect fly ash froma conbusti on exhaust gas
resulting fromthe conbustion of a fuel in a conbustion unit, the nethod
conprising adding to a conbustion exhaust gas an anount of at |east one of
an additive selected fromthe group consisting of inorganic and organic
conpounds of transition netals, actinides, |anthanides, alkali and

al kaline earth nmetals, netalloids, hal ogens, phosphorus, and sul fur, the

anmount et faaid ME tﬁ%H gﬁgg-c rona_discharge in an_.electrostatic
preci pi t at or .g 6. akglrlr{et ogj%o? re t}c%%r?g qEREO %asod‘fr%r?ér.rﬁ%ng‘ﬁleéﬁ

el ectros 146 recipit,ator used t.o collect fly ash from a, gonbustion
exhaust égéét?vgstg)l %I%:‘J]JS:C qaarcor"r? VREA GREEEE IR ad’fe%C{fFBE'iaqch%CHBFﬁEE-t ion unit,
the nethod conprising adding to a conbustion exhaust gas an anount of an
oxygenate effective to reduce back-corona discharge in an electrostatic
precipitator._7. Th%gﬂgfthOd of, any one of clains 1-6, wherein the

combusti on un?t 4 2e€ fednging ackecogppaslizdiniee in ag dectastagied al |
burners, stationary burners, waste incinerators, diesel fuel burners,
gasol i nePFURPHOF rised toraliset By ash frgare camdristiopowdaust gas resultages, any
and all internal and external conmbustion devices, boilers, furnaces,
evapor at {Toa" B sembusppasife Hil er eyrsbestion pindss the 28¢thod, caangriding ces t hat
can conbust or in which can be conbusted a hydrocarbonaceous fuel. 8. The
net hod ofddimg torrecembristions=xhatist\ghersei mmdient ofedt leastseheof afl fddiffve t he
group consisting of diesel fuel, biodiesel, biodiesel-derived fuel,
synt het i selected from the group consisting of inorganic and organic compounds of
transition metals, actinides, lanthanides, alkali and alkaline earth metals,
metalloids, halogens, phosphorus, and sulfur, the amount effective to reduce

back-corona discharge in an electrostatic precipitator.

6. A method of reducing back-corona discharge in an electrostatic
precipitator used to collect fly ash from a combustion exhaus£ gas resulting
from the combustion of a fuel in a combustion unit, the method comprising
adding to a combustion exhaust gas an amount of an oxygenate effective to

reduce back-corona discharge in an electrostatic precipitator.

7. The method of any one of claims 1-6, wherein the combustion unit is
selected from the group consisting of ai1y and all burners, stationary burners,
waste incinerators, diesel fuel burners, gasoline fuel burners, power plant
generators, power plant furnaces, any and all internal and external combustion

devices, boilers, furnaces, evaporative burners, plasma burner systems, plasma
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di esel, jet fuel, alcohols, ethers, kerosene, |ow sulfur fuels, synthetic
fuels, Fischer-Tropsch fuels, liquid petroleum gas, fuels derived from
coal, coal, genetically engineered biofuels and crops and extracts

t herefrom natural gas, propane, butane, unleaded notor and aviation
gasolines, refornulated gasolines which contain both. hydrocarbons of the
gasoline boiling range and fuel-sol ubl e oxygenated bl endi ng agents,

gasol i ne, bunker fuel, coal (dust or slurry), crude oil, refinery

"bot t oms",,@n rude oil_extr azar dous mastes yard

tri mmi ngs an%n%se?g%g\%g%gbaﬁ BLIAGH T ‘ﬁﬁ‘s‘ﬁ" éa&bBF corpsied Rast e, fodder,
si | age, FH cl:ar ordk anl ste and m xtures thereof, and emul sions,
suspensi o S, 5]’ g%‘rli 5 thereof in water, al cohol , and other carrier

fluids. 9. A nethod of any one of clains 1-6, wherein the source of

manganese 1is selected fromthe group consisting of nmethyl cyclopentadienyl

manganese tric on ycl opent adi enyl nmanganese tricarbonyl, bis-
R

cycl opent adi eff anyTsaPlodares 1-6 whergin yhe fyel ispeticteti Goyh
manganese, nanganese sulfonate manganese phenate, nmanganese salicyl ate,
aIkyI cyéhB@%ﬂ?ﬁ&PEﬁVﬁ“ﬁm%MBaﬁﬂééebﬂn@aﬁ@dnkahmﬁgahhwedﬂhghmgséhehe
tricarbon derivatives, alkyl 23 cycl opentadi enyl manganese derivati ves,
neut r al é‘%‘%ﬁ%\ﬂéfﬁ haeleslovhinlmedkers, katiseyleats sulfantfnds, ancthevierfoared
nmanganese phenates, neutral and overbased manganese sul fonates, manganese
car boxyl FizchersFropechtfueist lignii pewtoleming gus eliclhdedodd frbda cdal %@hl that is
"adapted to be conbusted in a conbustion unit to
genetically engineered biofuels and crops and extracts therefrom, natural gas,
propane, butane, unleaded motor and aviation gasolines, reformulated
gasolines which contain both hydrocarbons of the gasoline boiling range and
fuel-soluble oxygenated blending agents, gasoline, bunker fuel, coal (dust or
sharry), crude oil, refinery "bottoms" and by-products, crude oil extracts,
hazardous wastes, yard trimmings and waste, wood chips and saw dust,
agricultural waste, fodder, silage, plastics; organic waste, and mixtures thereof,

and emulsions, suspensions, and dispersions thereof in water, alcohol, and

other carrier fluids.

9. A method of any one of claims 1-6, wherein the source of manganese
is selected from the group consisting of methyl cyclopentadienyl manganese
tricarbonyl, cyclopentadienyl manganese tricarbonyl, bis- cyclopentadienyl
‘manganese (manganocene), bis- alkyl cyclopentadienyl manganese, manganese
sulfonate, manganese phenate, manganese salicylate, alkyl cyclopentadienyl

manganese tricarbonyl, organic manganese tricarbonyl derivatives, alkyl
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result in a conbustion exhaust gas, said fuel conprising an anount of a
source of manganese effective to inprove the efficiency of an electrostatic
precipitator used to collect fly ash froma resulting conbustion exhaust
gas, 11. An additive for a fuel to be conbusted in a conbustion unit to
result 1in a conbustion exhaust gas, said fuel additive conprising an
anount of a source of nmanganese effective to inprove the efficiency of . an

el ectrost at .clLpj Lat ed t.o collect fly h fromthe conbustion
exhaust e oProRAEhEl AR UBE fel0atics, SEbira Sib PR i epre
conmbusti on,. exhaust gas resultin romthe conbustion of fuel in a
Combust | SRUGKIALES S 2l A YRRt S5 PRERGITY T EARA cEepased
manganese effective to inprove the efficiency of an electrostatic
preci pi t APBTEYIEH ﬁle)‘%%tgg&@swawarrb@maﬁ%& sherebiahandt gas. 13.
A fuel that is adapted to be conbusted in a conbustion unit to result in a
conmbust i FAPERFRAULICTERs, said fuel conprising an anount of a 24 source of
manganese effective to reduce back-corona discharge in an electrostatic
precipitator used to collect fly ash fromthe conmbusti on exhaust gas. 14.
An additive for a fuel to be conbusted in a conbustion unit to result in a
conmbust i on exBl8ush figelsthagas ddapted tadod tombusterbini gicoglaustimounit wf a
source of manganese effective to reduce back-corona discharge in an
el ect r ostrasulkt ipreecopbtiation exbedst gas,oddié dtielf ¢ompeikirfy amatdearctomaist i on
exhaust gas.

source of manganese effective to improve the efficiency of an electrostatic

precipitator used to collect fly ash from a resulting combustion exhaust gas,

11. An additive for a fuel to be combusted in a combustion unit to result
in a combustion exhaust gas, said fuel additive comprising an amount of a
source of manganese effective to improve the efficiency of an electrostatic

precipitator used to collect fly ash from the combustion exhatust gas.

12. An additive that is adapted to be injected intc the combustion
exhaust gas resulting from the combustion of a fuel in a combustion unit, said
additive comprising an amount of a source of manganese effective to improve
the efficiency of an electrostatic precipitator used to collect fly ash from the

combustion exhaust gas.

13. A fuel that is adapted to be combusted in a combustion unit to

result in a combustion exhaust gas, said fuel comprising an amount of a
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15. An additive that is adapted to be injected into the conbustion exhaust
gas resulting fromthe conbustion of a fuel in a conbustion unit, said
additive conprising an anount of a source of nanganese effective to reduce
back- corona discharge in an electrostatic precipitator used to collect fly
ash fromthe conbusti on exhaust gas. 16. An additive that is adapted to be
injected into the conbustion exhaust gas resulting fromthe conbustion of
a fuel in_a conpustion unié, said additive conprising an anount of at

| east on&CBFCHN REGERNGES SEF @ Fobier thesk-¢franp deHATsEingrof i nor gani c
and organjc conpounds of transition netals, actinides, |anthanides, alkali
and al kaFleﬁ’éroééﬁ“ﬂ‘hPﬁ%%131t§¥0rﬁé?e§g@rf§?lleﬁh§§pﬂ$@rﬂ§§{n thereprabistien exhadstnmount
of additive effective to reduce back-corona discharge 25.in an

el ectros€a®ic precipitator used to collect fly ash fromthe conbustion
exhaust gas, 17. An additive that is adapted to be injected into the
conbustion exhaust gas resulting fromthe conbustion of a fuel in a
conbustion unit, said additive conprising an anount of an oxygenate
effective to téduosealldikedor anfmel th bekargaisted an acdoeabuOsdaiunit fy S t at or
used to collect fly ash fromthe conbustion exhaust gas. 18. The

conposi t ima mmbnytienexbhiust gadrsald fulsl, adthtive comphRit@ERUS iRt it 1S
selected fromthe group consisting of any and all burners, stationary

bur ner s, svasdetofi thahpehedEFectiicasalediiebabildiRbhia @a3RIEOe, hiwe! burners,
power plant generators, power plant furnaces, any and all internal and

ext er nal electrostatic precipitator used to collect fly ash from the combustion exhaust

gas.

15. An additive that is.adapted to be injected into the combustion
exhaust gas resulting from the combustion of a fuel in a combustion unit, said
additive comprising an amount of a source of manganese effective to reduce
back-corona discharge in an electrostatic precipitator used to collect fly ash

from the combustion exhaust gas.

16. An additive that is adapted to be injected into the combustion
exhaust gas resulting from the combustion of a fuel in a combustion unit, said
additive comprising an amount of at least one of an additive selected from the
group consisting of inorganic and organic compounds of transition metals,
actinides, lanthanides, alkali and alkaline earth metals, halogens, phosphorus

¥

and sulfur, said amount of additive effective to reduce back-corona discharge
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conmbusti on devices, boilers, furnaces, evaporative burners, plasma burner
systens, plasma arc, and devices that can conbust or in which can be
conbusted a hydro carbonaceous fuel. 19. The conposition of any one of
claims 10-17, wherein the fuel is selected fromthe group consisting of
di esel fuel, biodiesel, biodiesel-derived fuel, synthetic diesel, jet
fuel, al cohols, ethers, kerosene, |low sulfur fuels, synthetic fuels,

Fi scher-Tropsch fuels, liquid petroleumgas, fuels derived from coal
coal , ger@atdw glecirostatinprraipitatioofusedsoandiect iy ashritbraxhe avhsbitises:ef r om
nat ural gas, propane, butane, unl eaded notor and avi ati on gasolines, 26
r ef or nul axddugagekj nes which contain both hydrocarbons of the gasoline
boiling range and fuel -sol ubl e oxygenated bl endi ng agents, gasoline,
bunker fuel, coal (dust or slurry), crude oil, refinery "bottons" and
by- products, crude oil extracts, hazardous wastes, yard trinmm ngs and

waste, wood chizpsaanddsaw tiitst ade@tédt b idlecd@stRe thoddabustidifoe:
pl astics, organic waste, and m xtures thereof, and enul sions, suspensions,

and di Spes$ia@Re ghBeEaRtink Trif@l @fe ciFhFQE9n of 8 CHNS Lofiffdifin fihit S 20.
The conposition of any one of clains 10-17, wherein tﬁe manganesé I's

sel ect ed Jddad B&n%g%?g%?gﬁﬁﬁhpgf oh 0%%&%11:6%%1‘&8?(? P%?Qd&&y g?clg%ﬁ?gé?éa Zﬁyl

tricarbonyl, cyclo manganese” t'ri carbony I §-"¢cyclope

TRnganes ¢ RRRATE ke BL o AU piEXE) RERY S0 6O, FETGRNCSE, MRnganese

sul fonat e, anese phenate, nese sali e, ent adi enyl
manganes%Oﬁg&ﬁg&oQXAau&rgqa%ni c manganese tricarbonyl

18. The composition of any one of claims 10-17, wherein the combustion
unit is selected from the group consisting of any and all burners, stationary
burners, waste incinérators, diesel fuel burners, gasoline fuel burners, power
plant generators, power plant furnaces, any and all internal and external
combustion devices, boilers, furnaces, evaporative burners, ﬁlasma burner
systems, plasma arc, and devices that can combust or in which can be

combusted a hydrocarbonaceous fuel.

19. The composition of any one of claims 10-17, wherein the fuel is
selected from the group consisting of diesel fuel, biodiesel, biodiesel—dérived
fuel, synthetic diesel, jet fuel, alcohols, ethers, kerosene, low sulfur fuels,
synthetic fuels, Fischer-Tropsch fuels, liquid petroleum gas, fuels derived from
coal, coal, genetically engineered biofuels and crops and extracts therefrom,

natural gas, propane, butane, unleaded motor and aviation gasolines,
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derivatives, alkyl cyclopentadi enyl nanganese derivatives, neutral and

over based nmanganese salicyl ates, neutral and overbased manganese phenates,
neutral and overbased nanganese sul f onates, nanganese carboxyl ates, and
conmbi nations and m xtures thereof. 21. A nethod of inproving the efficiency
of an electrostatic precipitator used to collect fly ash froma conbustion
exhaust gas resulting fromthe conbustion of a fuel and conbustion air in
a conbustion unit, the nethod 27 conprising adding to the conbustion air an
amount ofrefersnlatel gisohimegavieésh coafthiechsthehidrobafionstoft ihe @ibliptansinef an
el ectrostatic precipitator. 22. A nethod of reducing back-corona di scharge

in an el eabgoahdtiuel-splidit pky@dreited bechdifg GeEhaS aEan@%ﬂﬁml%mUSt' on
exhaust gas resulting fromthe conbustion of a and combination air in

a conbus{dwst anélarrsh herudesiadfiserpristidgsassi ig dﬁl%dtiﬂ%s CQHREsdii on air-an
amount of a source of manganese effective to réduce back corona di scharge

in an el egtrbotd, MdzArdAiSHaBidsalard tﬁ%mﬁg@iﬁ&) ofe rm?cQ) g bﬂqﬁ(sg rona

di scharge in an el ectrostatic preci pitator use té co y ash froma

conmbust i apseXBUIIng2e V\Fa%%é“ﬁ)tlag Jﬂa%@n %ﬂ%n&? r@%ﬁhico\l}agge 3 fue a)ft%%d? o the

conbustion air in a combustion ur conpri s ng At

combust i Pfl@b. A BHRHRLG! oAb 351 o0 s ALt Rret i L e

group consisti’ng o orgahi ¢ ‘or organrc al s,
actlnldean uﬁﬂgﬂgghgggﬂ Ikall and al kaline earth netals, netaIIO|ds,
hal ogens, "phosphorus Ssul fur, the anount

20. The composition of any one of claims 10-17, wherein the
manganese is selected from the group consisting of methyl cyclopentadienyl
manganese tricarbonyl, cyclopentadienyl manganese tricarbonyl, bis-
cyclopentadienyl manganese (manganocene), bis- alkyl cyclopentadienyl
manganese, manganese sulionate, manganese phenate, manganese salicylate,
alkyl cyclopentadienyl manganese tricarbonyl, organic mangéhese tricarbonyl
derivatives, alkyl cyclopentadienyl manganese derivatives, neutral and
overbased manganese salicylates, neutral and overbased manganese phenates,
neutral and overbased manganese sulfonates, manganese carboxylates, and

combinations and mixtures thereof.

21. A method of improving the efficiency of an electrostatic precipitator
used to collect fly ash from a combustion exhaust gas resulting from the

combustion of a fuel and combustion air in a combustion unit, the method



effective to reduce the back-corona discharge in an electrostatic
precipitator. 24. The nethod of any one of clains 21-23, wherein the
conbustion wunit is selected fromthe group consisting of any and al
burners, stationary burners, waste incinerators, diesel fuel burners,
gasoline fuel burners, power plant generators, power plant furnaces, any
and all internal and external 28 conbustion devices, boilers, furnaces,
evaporati ve burners, plasna burner systens, plasma arc, and devices that

can conb .ch_can conbust.ed a hy drocarbonaceous fuel. 25. The
met hod o#ﬁhﬁmhg %‘% 5] ??% E‘im?élst’mearlﬁﬁﬁ %lﬁeufflﬁéf ajsguses ef memganesen t he

group co sting of dies bi gdi esel , bi odi esel -derived fuel,
synt heti ¢ %%Cté‘éeeg) ITB’EOVFJE’F efngISBFQSPg anglerestalismaseipitatonw sul fur fuel s,

synthetic fuels, Fischer-Tropsch fuels, |liquid petroleumgas, fuels
derived fromcoal, coal, genetically engi neered bi ofuels and crops and

extracts therghr r pane, bytane, unl eaded notor and
avi ation gasolgléng,grinelaﬁ %P%T’%?%Hg bgaé:so 88 #ﬁ‘%ﬁrg%ﬂtaé} eggPAtatirdr ocar bons
of the g and uel bl e, ox enat ed bl endi ng agents,
gasol i neﬁ%ugﬁéoqﬁ# coare%?gﬁsatShofmms"f‘ EPF&}“S %‘?Pu %ﬁt LasdrepRiing

hazar dous wastes, yard

tr ?tnin"ﬂ‘gs BB e b e S i 6 ader

si | age, ti.cs ani c, waste, and m xtures thereof, and emnul sions,
suspensi Ogr‘fﬂnlﬁré BE SAGHRE {h ghe spmibvisHiencair an) arohuht ofadousthef carrier

fluids. 26. A nethod of any one of clainms 21-23, wherein the source of
manganese effective to reduce back-corona dlscharge It an electrostatic

precipitator.

- 23. A method of reducing back-corona discharge in an electrostatic
precipitator used to collect fly ash from a combustion exhaust gas resulting
from the combustion of a fuel and combustion air in a combustion unit, the
method comprising adding to the combustion air an amount f.)f at least one of
an additive selected from the group consisting of inorganic or organic
compounds of transition metals, actinides, lanthanides, alkali and alkaline
carth metals, metalloids, halogens, phosphorus, and sulfur, the amount

effective to reduce the back-corona discharge in an electrostatic precipitator.

24. The method of any one of claims 21-23, wherein the combustion
unit is selected from the group consisting of any and all burners, stationary
burners, waste incinerators, diesel fuel burners, gasoline fuel burners, power

- plant generators, power plant furnaces, any and all internal and external
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manganese i s selected fromthe group consisting of nethyl cyclopentadienyl
manganese tricarbonyl, cycl opentadi enyl manganese tricarbonyl, bis-

cycl opent adi enyl manganese (manganocene), bis- al kyl cycl opent adi enyl
manganese, nmanganese sul fonate, manganese phenate, manganese salicyl ate,

al kyl cycl opent adi enyl nmanganese tricarbonyl, organi c nmanganese tricarbony]
derivatives, al kyl cycl opentadi enyl manganese derivatives, neutral and '
over based nmanganese salicylates, neutral and overbased manganese phenates,
neutral aemipveidadedicasiyzkesefianhtesnavaporatirdanesss Cplakey batess and
conmbi nations and m xtures thereof. 27. A nethod of inproving the efficiency

of an el eystansaplaenpr 2, pinkdad@ricesided dad @2hbast of Iywasth £49Mea conbusti on
exhaust gas resulting fromthe conbustion of a fuel in a conbustion unit,

t he et hagnsisuigred si hgdrorddbditadeoud theel an amount of a source of nmanganese
effective to reduce back-corona discharge in an electrostatic
precipitator; and increasing the voltage in the electrostatic precipitator
to a voltage higher than a highest efficient voltage avail abl e when

combusting a buelTidaletH989r 24 ér rféoé}t&% ?? _AOUNL -, r1t; tﬁe?& se?ect%ql c

manganese. 28. A nmethod of inpfoving t i'ci’ency of "an e ctrost

preci pit #toh thgﬁg?b%oﬁg étﬁfﬁt ?tf &1%3 Sfﬁef gﬁlgsglogchf 1656 q;erg.r%at}g%] gas froma

conbusti on gas re i ng ron1t & ConbUS in a

corbust| 5y gy EARPERRG, 2o RA0L0R: P SRTRUEAL it oo

di schar g?uelg, #ich er—%trg)ggél‘? }ue(is, liquid petroleum gas, fuels derived from coal, coal,
genetically engineered biofuels and crops and extracts therefrom, natural gas,
propane, butane, unleaded motor and aviation gasolines, reformulated
gasolines which contain both hydrocarbons of the gasoline boiling range and
fuel-soluble oxygenated blending agents, gasoline, bunker fuel, coal (dust or
slurry), crude oil, refinery "bottoms" and by-products, crude oil extracts,
hazardous wastes, yard trimmings and waste, wood chips and saw dust,
agricultural waste, fodder, silage, plastics, organic waste, and mixtures thereof,
and emulsions, suspensions, and dispersions thereof in water, alcohol, and

other carrier fluids.

26. A method of any one of claims 21-23, wherein the source of
manganese is selected from the group consisting of methyl cyclopentadienyl
manganese tricarbonyl, cyclopentadienyl manganese tricarbonyl, bis-
cyclopentadienyl manganese (manganocene), bis- alkyl cyclopentadienyl

manganese, manganese sulfonate, manganese phenate, manganese salicylate,
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precipitator; and 30 increasing the voltage in the electrostatic
precipitator to a voltage higher than a highest efficient voltage
avai |l abl e when collecting fly ash froma conbustion exhaust gas that does
not contain the amobunt of a source of manganese. 29. A nethod of i nproving
the efficiency of an electrostatic precipitator wused to collect fly ash
froma conbustion exhaust gas resulting fromthe conbustion of a fuel and
conmbustion air in a conbustion unit, the method conprising: adding to a
combust i aelkydicyclopeatmiiahylahanganese trigirbonyyangatic ehiggdnase tricarbagyice
back-corona. discharge in an electrostatic precipitator; and increasing

t he vol tdgﬂvﬁﬁvéd}%ﬂ@ﬂ&@d@ﬁ:&ﬁ&ﬁi@nﬁr Atinpahab® HetiPativesd neatieul Ringher than a
hi ghest efficient voltage avail abl e when conmbusting a conbustion air that

does not of@adkd thil@oAiBEeHalRYlade s N AL NABAAPASSE maatbarR sEBIHRG 164,
inmproving the efficiency of an electrostatic precipitator wused to collect

fly ash LeQmad aaasbi ﬁfﬁi@ta%sa@alfaﬁaf@sgnﬁﬂ{%ﬂ%&é QQrbcﬁ%rfl'?ﬂé?{]%ﬂ&S

resulting fromthe conmbustion of a fuel 1 n a cormbustion unrt, met hod

conpri si pgmbagich; ' exhaust gas an anount of at |east one of
?xgéejtil&gs éﬁd#ﬁ&ﬂ?ﬁé&i&@ote

an additive ect om the group consisting of inorganic and organic
conpounds of transition netals, actinides, |anthanides, alkali and al kaline
31

27. A method of improving the efficiency of an electrostatic precipitator
used to collect fly ash from a combustion exhaust gas resulting from the
combustion of a fuel in a com_bustion unit, the method comprising:

adding to a fuel an amount of a source of manganese effective to reduce
back-corona discharge in an electrostatic precipitator; and

increasing the voltage in the electrostatic precipitator to a voltage higher
than a highest efficient voltage available when combusting a t:uel that does not

contain the amount of a source of manganese.

28. A method of improving the efficiency of an electrostatic precipitator |
used to collect fly ash from a combustion exhaust gas from a combustion
exhaust gés resulting from the combustion of a fuel in a combustion unit, the
method comprising;:

adding to a combustion exhaust gas an amount of a source of
manganese effective to reduce back-corona discharge in an electrostatic

precipitator; and
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earth netals, netalloids, halogens, phosphorus, and sulfur, effective to
reduce back-corona discharge in an electrostatic precipitator; and
increasing the voltage in the electrostatic precipitator to a voltage

hi gher than a highest efficient voltage avail able when collecting fly ash

froma. conbustion exhaust gas that does not contain the amount at | east
one of an additive selected fromthe group consisting of inorganic and

organi ¢ conpounds of transition nmetals, actinides, |anthanides, alkali and

al kal i ne ear tincrestsdns thereolibgoimthe tlatbgensic phoiftaotiso aanttags!Higher 3!
A nmethod to increase power generation efficiency at a power plant that has

an el ect r gstraaihighesoificieat ooltagedviitaisloiast cdllettiaghlf sgmiRrg@nbust i on
exhaust gas resulting fromthe conbustion of a fuel and conbustion air in a

conmbust i oeprbiistion kehaekhgds ehapdbss Net ety thdamdiflofans@menyr of a
source of manganese effective to inprove the power generation efficiency of

a power phapbnes?. A nethod to increase power generation efficiency at a
power plant that has an electrostatic precipitator used to collect fly ash
froma conbustion exhaust gas resulting fromthe conbustion of a fuel and
conbustion air in a conbustion unit, the method conprising adding to

combustion ai lpANA3ARMHY oﬁfmfro%glr%&?e %C@%?a&%%eglggrﬁg%@%% %Fig%ove t he

power generation efficiency o ower p E_rease
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combustion of a fuel and combustion air in a combustion unit, the method
comprising:
adding to a combustion air an amount of a source of manganese effective
to reduce back-corona discharge in an electrostatic precipitator; and
increasing the voltage in the electrostatic precipitator to a voltage higher

than a highest efficient voltage available when combusting a combustion air

that does not contain the amount of a source of manganese. |

30. A method of improving the efficiency of an electrostatic precipitator
used to collect fly ash from a combustion exhaust gas from a combustion
exhaust gas resulting from the combustion of a fuel in a combustion unit, the
method comprising:

adding to a combustion exhaust gas an amount of at least one of an
additive selected from the group consisting of inorganic and organic

compounds of transition metals, actinides, lanthanides, alkali and alkaline
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exhaust gas resulting fromthe conbustion of a fuel and conbustion air in a
conbustion unit, the nmethod conprising adding to conbusti on exhaust gas an
anount of a source of manganese effective to inprove the power generation
efficiency of a power plant. 34. A nmethod to increase power generation
efficiency at a power plant that has an electrostatic precipitator used to
collect fly ash froma conbustion exhaust gas resulting fromthe ’
conmbustion of a fuel and conbustion air in a conbustion unit, the nethod
conpr i si¢aythada¢hads, tmetrllbidd, hatogamsuphosphatud, east sulfug affective ddatdive
selected fromthe group consisting of inorganic and organic conpounds of

t ransi t i leackvetadrs, dschargediesan lebstttivmtaide predpitatar; and al kaline earth
netal s, netall oids, hal ogens, phosphorus, and sulfur, effective to inprove
the power gergesdasiig tid veltgicin tHe depvstatipl priebipiGior o ABlNRG:Gghacr ease
power generation efficiency at a power plant that has an electrostatic
preci pi taef a higtkdt @fEcbheoblthdy ansitlE Whch ESIMRUS BhasiexRAysl gas
resulting fromthe conbustion of a fuel and conbustion air in a conbustion

uni t, th&mBhbesn ¢RARNLE LAY tRECAAG: 6t SorRAPHSE helh Al ataRastBEMAIBf aRf at
| east one of an additive selected fromthe group consisting of 1norganic

and or gagi 560 TRAARLS 8 m@gic}dsﬁ egn&%fif}g% Siﬁ&f?afﬁ@&ﬁd o'rg%&%aani des, 33

al kali and al kaline earth ne net a , hal ogens, osphorus, and

Sulfur, < GhBSIYB LOIREUE LIE LAURI-0FRIANIAN. SHEAPLERCYQf8 pover

pl ant . od to increase power generation crency a

plant  thaly a5 SLATHES HahbgA, SHRLABHYL, Hapdudrg.col fect fly ash from

31. A method to increase power generation efficiency at a power plant
that has an electrostatic precipitator used to collect fly ash from a combustion
exhaust gas resulting from the combustion of a fuel and combustion air in a
combustion unit, the method comprising adding to a fuel an amount of a
source of manganese effective to improve the power generation efficiency of a

power plant.

32. A method to increase power generation efficiency at a power plant
that has an electrostatic precipitator used to collect fly ash from a combustion
exhaust gas resulting from the combustion of a fuel and combustion air in a
combustion unit, the method comprising adding to combustion air an amount
of a source of manganese effective to improve the power generation efficiency of

a power plant.
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exhaust gas resulting fromthe conbustion of a fuel and combustion air in a
combustion unit, the method conprising adding to a conbustion exhaust gas
an amount of at |east one of an additive selected fromthe group consisting
of inorganic and organic conpounds of transition nmetals, actinides,

| ant hani des, alkali and al kaline earth netals, netalloids, halogens,
phosphorus, and sul fur, effective to inprove the power generation
efficiency of a power plant. 37. A method to increase power generation
efficiency at a power plant that has an el ectrostatic precipitator used to
collect fly ash froma conbustion exhaust gas resulting fromthe

conbust i on of3% Austthmddtociorbenstsi prwei gerieraton etfidieisdyi @Na Worber J18t Met hod
conprising adding to a conbustion exhaust gas an anpunt of an oxygenate

ef f ect i Vidat daisrapr eleetiohtatpopercigienter atsedno ebileed Bpayh Rfma AaWBLsRbANt . 34
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exhaust gas resulting from the combustion of a fuel and combustion air in a
combustion unit, the method comprising adding to combustion exhaust gas an
amount of a source of manganese effective to improve the power generation

efficiency of a power plant.

34. A method to increase power generation efficiency at a power plant
that has an electrostatic precipitator used to collect fly ash from a combustion
exhaust gas resulting from the- combustion of a fuel and combustion air in a
combustion unit, the method comprising adding to a fuel an amount of at least
one of an additive selected from the group consisting of inorganic and organic
compounds of transition metals, actinides, lanthanides, alkali énd alkaline
earth metals, metalloids, halogens, phosphorus, and sulflir, effective to

improve the power generation efficiency of a power plant.

35. A method to increase power generation efficiency at a power plant
that has an electrostatic precipitator used to collect fly ash from a combustion
exhaust gas resulting from the combustion of a fuel and combustion air in a
combustion unit, the method comprising adding to a combustion air an
amount of at least one of an additive selected from the group consisting of

inorganic and organic compounds of transition metals, actinides, lanthanides,



alkali and alkaline earth metals, metalloids, halogens, phosphorus, and sulfur,

effective to improve the power generation efficiency of a power plant.

36. A method to increase power generation efficiency at a power plant
that has an electrostatic precipitator used to collect fly ash from a combustion
exhaust gas resulting from the combustion of a fuel and combustion air in a
combustion unit, the method comprising adding to a combustion exhaust gas
an amount of at least one of an additive selected from the group consisting of
inorganic and organic compounds of transition metals, actinides, lanthanides,
alkali and alkaline earth metals, metalloids, halogens, phosphorus, and sulfur,

effective to improve the power generation efficiency of a power plant.

37. A method to increase power generation efficiency at a power plant
that has an electrostatic precipitator used to collect fly ash from a combustion
exhaust gas resulting from the combustion of a fuel and combustion air in a

‘combustion unit, the method comprising adding to a combustion exhaust gas
an amount of an oxygenate effective to improve the power generation efﬁciency‘

of a power plant.
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