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
Invention The present invention relates to.inproving the efficiency and’
operation of electrostatic precipitators in utility and industrial furnace
systens. Spetcifically, the addition of nmanganese in fuel, in the :
conbustion air, or in conbustion exhaust gas (flue gas) increases the
effictency of an electrostatic precipitator in collecting the fly ash from

the conbustion gagggpFyft QQNFAE\]FI%@)E_ 2eHbLRBsCh o R RBRASSE 7R Ot her flanme
suppressant mat er pgkscrRkeyl Be anpNRepue "ﬁﬂ%k'—- BRBNA D1k chﬂthEC.om.JUSt'on
exhaust gas reduces back-Cor pRag SLEBATESTE PR e&b&g&@%ﬁ@ préci pitators,
thus al so inproving fly ash cob&eel\gtgf e.Ief%i - ency. ackground of the
| nventi on The environnent al ismﬁg—c&m Wi th respect to snoke stack
em ssions are |1 recogni zed. One, of the conbustion exhaust K gas products
that recei vesTE%r%eﬁ%?ta i nii%%ﬁ?ﬁ tlosln'fﬂrfiv’&%a“?\ﬁ%ﬁmc@é’rﬁﬂﬂ BBSradion @ f or t
has been. dedi cated ta teducing fly ash.em ssigons that are the result of
the conBIRTIasAt PREaPHRATBLHRBHTE SRt dhaRIA FoRBeGt SEREES. ¢ -
Electrostatic precipitators are one significant type of technology used to
reduce fPpesticaliy: Hag additioryof mangansse de duek do dhe wostleestiors ai pr in
precipitators includes the creation of an electric field in a pipe or .
passage CREBUHHIaRheEraast gamtflig gay) ingteasss thasifidientyw df ag deéotrastatic f | ows.
When the gas flows through

precipitator in collecting the fly ash from the combustion gas. Further, the

C } 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 Inve:_ltion '

The environmental issues and concerns with respect to smoke stack
emissions are well recognized. One of the combustion exhaust gas products

- that receives considerable attention is fly ash. Much technology and effort has

X 5
oren

| 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 err;issions. The basic process used in electrostatic precipitators
includes the creation of an electric field in a pipe or péssage through which a
combustion exhaust gas, including fly ash, flows. When the gas flows through
the eleétric 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



tthe electric field, particles in the gas (fly ash) pick up a negative
" charge from the electrons given off by an enmitter source. These particles
in the gas build up 1 a negative charge and are then attracted to the
positive charge on a grounded collector plate. Those particles are then
collected 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

reci pit ataofiediby S act or ne of which is the
Iroesi !slto: vity o 4 t ﬁ?%%kﬁlh&%gfﬁﬁ gts&%ﬁ%{ﬁ{)r%eﬁpﬁtiﬁ FRArge’n agrevndsd| ect .

about 1 x 105 oni 4% TP Y e opliucs FnéS Maklviass €0 back |
- corona di his.ra lead to re-entrai nment of the fly
- ash back '?ﬁtgg&?ﬁ%n@g‘éﬁ%‘%@gﬁ%@rﬁhﬁéﬁ%&x RbYpigally epeping theesplatépand

s resistivi osg their.negatjyve charge very easily. Carbon in the fly ash
L | ower s théglrl%ést?r%g @?“r‘ gyéﬁhr% fjﬁﬁ%@%fém? BPER@I'&WIIIB&%/H isrthen reevESP i s
Pinpeded. If t particles_are highly conductive (i.e., have an excessively
"l ow resistivi [1%‘? CHHAFNCY pEelssinostatisspryicipitators reaffected tgeseveeilbadsi | y and
; are rel at*velgé difficult to retain on a collector plate. An exanple of
this is hiAghPCaresPicehicknis the fesistinitly, of thhiflhadis pkngses tRaC i &fdtbifid O
el ectrostatic precipitator inefficiency. On the other hand, very high
resi sti vi ¥yigaka fellest. War nomnal opdrhtivn, eharassievan Gffithefy 28] 8.6 jiect ed
on the collector plates. These high resistivity particles, while 1nitially
. easy to chetvecn, abmyt iwm%anﬂnsmllwﬁim@nL@ylevagﬁbgggmpé)ghg%}l 01 es of
- § gystem After a relatively short period of tinme, the bul p o “hose

- particl esback 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 véry 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 relativély difficult to
retain on a collector plate. An example of this is high ca‘rbon 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 col.'l'ected 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-



. an electrostatic precipitator. Blending fuels that give off

- may block 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

elrectric field as a result of the voltage gradient build-up across the
collected particle layer on the collector If the electrostatic precipitator
pl ate. voltage beconmes too | arge because of excessively high resistivity of

the fly b 0 h e |t din thi ticle layer
L oni 26 and B Aa ke TP BaY =Sy BcparoRs she Fleskac felhs submstitof al | y

reduces the ef el ectrostatic precipitator. Every tine this

I ciency of th
- event oc CWSYOI{%%. aicée t b‘b{ﬁTube‘cﬁ%értéﬁééﬂleS}m@w@iﬂe biyet be hehenliictor

chi mey t [ ecqorded as, a transient increase in flue gas opacity. To

a
inhibit li’r]ﬁﬁf‘s clegispstatict prscipitator volthgo bettmep doe krigalbdeatwesn t he
i electrodes (reduce the voltage to the el ectrodes), thereby leading to
* per f or marfEEeSHiRelT highaiesistiviy ofithierfly ask daboves10h0%ns tat)eoX Briiledopaci t y.
~Particle resistivity can be mani pul ated and i nproved by nodifying the fuel

to be cortbispattide layemoati fgriing ahdebreakitiain Othegasy behSIng d 5%&}19% ﬂg}{r ough

I gh an ow

resi sti vithat pabstantislly sedueswiy dfficieREiol the SRR EE ire%g#*éé{c%. | Bodly
no 1f I e or

‘conbustion gas. Alternatively, a conbustion gas nay be

condi ti ontide thiseenti decuhyhdrd &s depitP briifisteatby shiblc NG & tiSalRsk
recogni zed net hods of nodifying or conditioning a conbustion e ;i gas

o TS ey RO DA, B
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 maﬂipulated and improved by modifying the |
fuel to be combusted or by modifying the combustion gas before it flows
through an electrostatic precipitator. Blending fuels that give off high and low

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
m | have the desired resistivity. One of the most recognized methods of modifying
or conditipnin.g a combustion exhaust gas is to adﬁ sulfur trioxide {SOg) vapor
_into a combustion exhaust gas stream. The addition of 503 lowers resistivity.
The amount of SOz 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.
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The anpbunt of SGCs can be varied depending on a particular fuel conbustion

- exhaust gas and other operating paraneters. Drawbacks of sulfur-type
em ssions are al so recogni zed, so other types of treatnents are desired. 3

Summary O The Invention Accordingly, it is an object of the present
| evention to add a source of manganese to a conbustion fuel or 'to the

i conmbustion air, or to the resulting conbustion exhaust gas in order to
. inmprove the efficiency of an electrostatic precipitator in collecting the

"resulting fly ash. Further, 'bt i S an '[‘_ec of the - -- present invention
- to add a source of manganese ssant to a fuel or

- conbustion air,

or .copnbustion exhaust gas streamin order_to reduce
back- corona di%ﬁﬁ‘?‘é‘@%ﬁgfs %lﬂ%de‘ﬁt dhgi Resepcimventionfoadd arsparae o€ U

precipitator. |In one enhodi pent, the invention includes a nethod for

- i npr ovi ndREABANETS QR SAEYLWTHOM aglan togkhegqrabystien pin, srde theegstlting!| | ect
: fly ash froma _conbustion exhaust gas resulting fromthe conbustion of a
. fuel in #omgloupiler eshaust gas imerdet timprovertheadficidutygf b ¢lhetrbsigttican

i effective anobunt of a source of manganese. Alternatively, the nethod

conpr i sePradgitegor i collectongithus résuitiaghiuash g @nrthereitf iscin ybjeatold fhe of a

- source of manganese. In a further alternative, the invention includes a

. ~met hod ofpreselicinvgntibacic-axiit arsudics o angegdreseld@Gthes la< s@pprdRhhet®r S

used to collect fly ash from a combustion exhaust gas resulting fromthe
combust i enfindt o doushudtiorair, or combustion exhaust gas stream in order to reduce

' o 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 éxhaust 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 combuS_tion 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



combustion unit. This nmethod conprises adding to the fuel an effective
anount of a source of manganese. Alternatively, the nethod conprises addi ng
‘to the, combusti on exhaust gas an effective amount of a source of manganese.
Still further alternatively, the nmethod conprises adding to the conbustion
exhaust gas an effective ampunt of an additive selected fromthe group 4
consi sting of inorganic and organi c conpounds of transition netals,
actinides, I|anthanides, alkali and alkaline earth netals, netalloids,

hal ogens, phasphorus, and sulfur. Also alternatively, the nmethod may

i ncl'ude agddi ngtéto the conbustijon exhaust gas an effective anount.of an
~ oxygenat e OTHSUBR KL APTERANE AR PRERBIC eorRPPERds o Atpnaitinndnetads,cantnides,on

unit may ., be selected fromthe group consisting of any and all burners,
. stationar &7“3’8%?}@#5 b?@difﬂkﬁgé‘? gasthsmegilasmietdlleidsphalgess, gasol i ne fuel

. burners, ﬁﬁv\er ~plant generators, power plant furnaces, any and all _

i nt er nal Bhesrhdrasnand LWinn s Alwsnaldeniatively, lthe Ineethodf maydaeRidexddiapabl Ve
" burners, plasma burner systems, plasma arc, and devices that can conbust
Cor in whi % eumbyetion exbaststgaa dy difectivebansanous ahlislygeAh&Q W th respect
to any of the foregoing nethods, the fuel may be selected fromthe group

consi sting of Iliceselectioel withi may ef the fdregstng 38ECHIRIS, WehmbHSlion S RELI C
di esel, jet fuel, alcohols, ethers, kerosene; |ow sulfur fuels, synthetic

~ fuel's, Filcheeetbdpsnitteigicup bomsisBnpel bolyoA 88%urdideh Ssdeblhyggd from
coal, coal, genetically engineered biofuel$ and crops and extracts

ot her ef r orburnieas Wvakteliaeinda068) Yiesel fuel burners, gasoline fuel burners, power
@ plant generators, power plant fumaceé, any and all internal and external
combustion devices, boilcxfs, furnaces, evaporative burners, plasma bﬁrner
systems, plasma arc, and deﬁcés that can combust or in which can be
combusted a hydrocarbonaceous fuel.

Also with respect to any of the foregoing methods, the fuel ﬁlay 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, unleadeci 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), c;'ude 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



but ane, unl eaded notor and avi ation gasolines, refornulated gasolines

- wWhi ch contain both hydrocarbons of the gasoline boiling range and

f uel - sol ubl e oxygenated bl endi ng agents, gasoline, bunker fuel, coal (dust
or slurry), crude oil, refinery "bottons"” and- by-products, crude oi
extracts, hazardous wastes, yard trinmings and waste, wood chi ps and saw
dust, agricultural waste, fodder, silage, plastics, organic waste, and

m xtures 5 thereof, and enul sions, suspensions, and di spersions thereof in
wat er, al cohol, and other carrier fluids. Also alternatively, the source

of mangangseedra [0, i St hyl .
cycl opgnt adi eni/lﬁngl%rﬁggjnsgg%&?srliﬁcﬁaé?g%%f a91 dc?}c%?%ﬁ%ﬁ?%%é%ﬁﬁ%gﬁ%gyneaé(éOhOI’

tricarbomnyld o cdierRgaLadi enyl nanganese (manganocene), bis- al kyl
cycl opent adi enyl manganese, nanganese sul fonate, manganese phenate,

manganese sal i : C nt adi enyl nmanganese .tri bonyl ,
or gani c mangaﬁ& gg%gitgr%%élﬁ%ikyﬁyed%ﬁr\% gto?\%%l?g%ﬂ?aﬂ ‘%Wg?%ﬁgﬁ?tgaﬁ%ﬁ’m the
manganese i vatives eut a{ and over.pbased nanganese_salicyl ates, neutral
and over b%'ggl GOASRE 8{38}%{13 eloppntadiony] menganesedlsisarhoadnese
sul fonat es, , manganese. car boxyl ates, and_conbi nations and m xtures thereof.
In a stil9¢ adicgyh g se dricgghonyd, Biga syelopeptadicophmangadesn a
conbustion unit to result in a conbustion exhaust gas, said fuel inproving
the ef f ilE13RgaROgeNE, bit-crlkyberdepentadisiypimarganesss dnangarsiseantioiafe ash
fromthe conbustion gas. The fuel conprises an effective anobunt of a
sour ce offangarrafaRlsenaie; aangangst palicylate,mikyl cyriopentadiaddithangadeye a
- fuel wherein the -
C} 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
manganese. Alternatively, the invention is an additive for a fuel wherein the

fuel additive cbmprises an effective ambunt 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

manganese,



P fuel -additive conprises an effective anpbunt of a source of manganese.
Alternatively, the additive may be adapted to be injected into the
combustion exhaust gas, said additive conprising an effective anount of a
source of nmanganese. 6 In a still further enbodinent, a fuel that is
adlapted 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 effective anount, of a source of manganese. Alternatively, an
addi tive for nfau%‘ilﬁ:f’é’iﬁ Eﬁﬁﬁ}ﬁ%iféméﬁte%ff‘é%kﬁwélsaﬁlaamdwbﬁ@nmmd igta | |
further, an additive conprising an effective anpbunt of a source of
manganes &OMstion ymit-torasulingy g sambustinso orlisusi gas reshisies itackretmine,
actinides, |anthanides, alkali or alkaline earth netals L netall oids, '
hal ogens JigthasgRansuselestrostatiaprecipitatior msedevatadlentflylpshi fipectied i nto t he
conbustion exhaust gas resulting fromthe conbustion of a fuel in a
conbust i eaministion axbhanstheas. aThe fustdoneprisbo dhreffective bendunviest 4 @Bureebpdes
a nethod for inproving the efficiency of an electrostatic precipitator

used to codmgarestl yAlhsimativehman addibivetfora fexhaiist c@nprice awl dffeidier om t he
conbustion of a fuel and conbustion air in a conmbustion unit. The net hod

conpri seamasigiingf inanighBess OBl urtierabh AMiekE BHpiRiATRMNE &l source of
manganese. ~, ,a In another further enbodinent, the invention includes a
met hod otmount of a source of manganese ; or organic and inorganic compounds of
O transition mietals, actinides, lanthanides, alkali or alkaline earth metals
d " 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 combl_lstio;l 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
ily 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,



reduci ng back-corona discharge in an electrostatic precipitator ‘used to
collect fly ash froma conbustion exhaust gas resulting fromthe
~conmbustion of a fuel and conbustion air in a combustion unit. The nethod
conpri'ses adding to the conbustion air an effective anpunt of a source of
nmanganese or an effective anmount of an inorganic or organic conpound of
transition netals, actinides, 7 |lanthanides, alkali or alkaline earth
netals,_netalloids hal ogens, phosphorous or sulfur. Brief Description of
t he Draw qfre lisa H@ﬂph denonstrating conparative fly ash
resistivi ingaearthmiatals, meteﬁlm@gﬂﬂlbﬁ&m -phodpHiHbEs2 1S
a graph dennnstratlng the fly ash mineral conposition ange as a result
of the ad®fi $¥HHrof a nanganese source to the fuel in the trial experinent.
Figure 3 denonstrates that an increase in resistivity during the trial
experiment did not result in back-corona discharge. (See Figure 4). Figure
.4 is a graph denonstrating the oil usage versus stack opacity of a portion-
of the trial run of the present invention. Detailed Description of the

I nvention The focus of the present invention and the inprovenent described

herein is to enhance the opgkfbeeBiBfich! &%k G PT ecipitators (ESP s)
in collecting fly ash from COnMbUST Jﬁﬁexhdég?ll 3&% t hat results fromthe

conmbusti on of Fﬁgdlfé’@riQCéaérQBﬁa&&ﬁUﬁsﬁJA‘ﬁhgvﬂ tnkllpgr% Dy yas gésrlshgm%sco(%rgbusti on

combustion gas during a trial experiment.

Q 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 demonstratmg the oil usage versus stack opacity of a

portion of the trial run of the present invention.

Detailed Description of the Invention

Q | The focus of thé 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



unit. Thus, according to one enbodi nent of the present invention,. an

‘ef fective - anmount of a source of manganese is added to the fuel, to the
‘conmbustion air, or to the conbustion exhaust gas to inprove the
resistivity of fly ash, thereby 8 making the collection of the fly ash by
~the ESP nore efficient. Whether added before or after conbustion, the
manganese reacts with, coats, or otherwi se becones intermngled with the
fly ash to inpart inproved resistivity attributes thereto and, and thereby
i nprove the efficiency of the ESP operation. An effective amount of a

sour ce ofmakimgaheswlkdtion didhe fiyash by the E$e marerdifisichen Whetherddaganpl e
and without limtation, is between about 2 and 200 ppm wt/wt percent

nmanganes deiforetdreafteretombistion] ehe hadiganekb fedth SFith VEodts2BP BMerQfis@ Source
of manganese added i s between about and 50 ppmw/wt percent manganese

in the faebomlels iRBMRUSPHITHIHUTIPALE BURLpB ithBeGRd %&?@hﬁgﬂa{t%%&%ga'

furnaces and. utility power generation furnaces.” This manganese can

added Lo héRed ueld, ShdHePepinghofe e Bl QrUNE BOTMSHI g ai 1, o the

conbusti on exhaust gas stream trnme ore th _ '0n exhaust gas
exnaust gas shoueragmniet BER'shHE of uilfnBLe sl foh KET SR ve o
by i mor o0 PRIt ey 5 Cxarituf g yRlionP e dE et B ACDHA 2 80 c0
arbod menP RAE YHTGBERERE moAngsesgiaaBatiicl nMBRe oA aL bl STsaticy
rr_a;lganesgnimrhrhug a sjalgrc%ogfb %%ygg?legé ;Hdgcrl] ?é gtretv‘irer(]snaabout 5 and 50 ppm wt/wt
.ﬁercent 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% _mangénese relative to
fhe weight of the fly ash.
In addition to improving the operation of an ESP by improving resistivity
O 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
corhbustion exhaust gas stream to reduce back-corona diécharge mn ESP’s.
Alternatively, the additive in the fuel, combustion air, or combustion exhaust

stream may be another flame suppressant such as inorganic or organic

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



conmbusti on exhaust gas streamto reduce back-corona discharge in ESP' s.
“Alternatively, the additive in the fuel, conbustion air, or conbustion
exhaust stream.nay be another fl ane suppressant such as inorganic or
organi«c conpounds of a transition netal, an actinide, |anthanide, alKkal
or, alkaline 9 earth nmetal, inorganic and organi c hal ogen conpounds,

i norgani ¢ and organi ¢ phosphorus conpounds, and inorganic and organic

sul fur compounds, each of which has flame suppression capability through -
some formof free radical or ion quenching mechanism Still further

al t er nat i statly m4atae iAGSkdmhi _ h mhust i on exhaust .gas
stream may si Ml ar Ily ?%dulg%gi@%g?%ﬁaﬁ ?l:ll (té(%ﬁnguel&g’rﬁ%orS%’lcsm? PrEeu

ducti IHYMRI] .disgharge. is ..found in the phenonena
0f 11 i AMspUHE cobfbndid o A6t il BRRicas MRS Sy ipplings, edclopt
Runm , , elliah,., H Lazzarini, T., and .
vt gar at ame B A Supress Ol | $Qmefoem si fsecestionlor

Nat i onal . ' f Standards Technol ogy (NI ST), Technol ogy

i i ot r S M AR SBH Tl he Aberbkylzos: additon of

[1fire.nist. eov/bfrlpubs/fjreQ2/PDF/f02011 pdf Some netals in a fuel

decr ease THECPRERLOIPELPBYSHRA SR AYSE 8a% secREn Magtsisailarty nethuanadibat

~ support conbustjion. Metals such as nanganese, under the right conbustion
condi t i offSTORA GiRFAEIEBNbusti on products in the flanme that serve as radical

E-? sinks and significantly decrease the burning velocity of a flane.

Accor di ngl y, Bhe basis for the reduction or inhibition of back-corona discharge is

C“} 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/bfrlpubs/fire02 /PDF [f02011.pdf. Sorﬁe 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
(ﬂ} sinks and significantly decrease the bu'i‘ning velocity of a flame. Accordingly, a
manganese-containing additive can be regarded as a flame suppressant that
works accordingly to the same mechanism. N amely, on combustion with a
fuel, it produces ﬁlanganese containing combustion products that act as flame
radical and ion quenchers.
In operation, an electrostatic precipitator is operated at a very higﬁ

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

10



menganese- cont ai ni ng additive can be regarded as a flanme suppressant that
wor ks accordingly to the sanme nechanism Nanely, on conbustion with a

fuel, it produces manganese containi ng conbustion 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 created because the
| arger and nore powerful the electric field, the nore fly ash particles

w Il be attracted to and collected on the collector plates of the system
The upper linmits of voltage that may be used to create a strong electric

filed areredefd hechune thedsegarcdndgamewharafahehd tleb@id feld) té fadrel iAhsh
back- corona di scharge effect is noted. In other words, an el ectrostatic

preci pi t glaticless will bé aitalabiedoResad edlleételing BhabSmicts BEitEd 6 Eﬁé‘. Eﬂst(em.gheSt
vol tage) possible wthout seeing the effects of back-corona di scharge.

. Accor di ngflie ubpet limiexbERItie HAmRASK-SULAAALICHUARIBU AL, el | v

reduced, or elimnated through the ‘use of additives erein, the

back- cor arn o oh R R e A i P BB R A BB REBr o of 1 e
P L0, PHCRRB ecy B hoMS o RGN, oAl ANE SRRt Shgietore
donc 11 Saher BB oA &L PCPighes Rliatridiield Fplehest voliail pRgsilebet ant f a
back- cor gng di schar and. the resylting reduction in efficiency in the
el ectro S%ﬁ?%utpﬁeedpgﬁngtegfppg oir baclfi—corona §1scharge. Accordingly, to the extent
o ~ 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

sybstantial back-corona discharge and the resulting reduction in efficiency in
m the electrostatic precipitator.
f The use of other transition metals, actinides, lanthanides, ‘alkali and
alkaline earth metais, metalloids, inorganic and organic halogen compounds,
inorganic and organic phosphorus compounds, and inorganic and organic
sulfur compounds, operate by an anaiogous 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



- The use of other transition netals, actinides, |anthanides, alkali and

al kaline earth netals, netalloids, inorganic and organi ¢ hal ogen conpounds,"

i norgani ¢ and organi ¢ phosphorus conpounds, and i norganic and organic

sul fur, compounds, operate by an anal ogous mechani sm of radical and ion

quenching in-order to limt back-corona discharge on an ESP collector

plate. The foregoing 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 flames by _

produci nggy & ' nching,species in.the flame will be simlarly
e e e el BRI RS oty by apgBeinmeasicel

functional in reddCing or 1n I'n
oxygenat e i uced .into.the c ustion exhaust gas rather than
bl ended i %rt“g]@t‘ r‘ﬁ‘gf‘cgiﬁég%%%? o) ﬂ“e QFLP’-epWﬁgge suniery funrdenalimeradurang r at e

of the addgiij,ue.in the conbustion exhaust gas should range between about
- 0.5 and 3&1\/\{1{,%1@*&1‘]:%@&%?85%@ 9@"%@!‘&? Ahesoprxyasnaltepmstdiecingrnidueddat i ve to
the weight of,the fly ash. In the case of oxygenates being aspirated or
i nj ect ed T e K8 Sehaestgasstather than blendedhatonyfgehat esmbiigiorbe
able to deliver 3 - 10 wt % oxygen relative to the weight of the fly ash
The hal og8h PEKYSierReraRuStert sul f ur - cont ai ni ng conmpounds shoul d be treated
at 1 - 3 w%of the elenent relative to the quantity of the fly ash. By
"manganese" hdm& Weakrateadtthaaylditivigim tiseconbirtganshaust @Ak Al
mat eri al, conmpound or precursor, such as but not limted to nethyl
cycl opentradige hytwren géoes ©.5 mintad ety bf tHEREPRESER: SEhAPARY For ARIIANASE

C} element relative to the weight of the fly ash. In the case of oxygenates being
aspirated or injected into the combustion exhaust gas stream, tﬁe oxygenates
must be able to deliver 3 - 10 wt% oxygen relative to the weigh;c 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 “manganesg” herein is meaﬁt any manganese or manganese-
containing material, compound or precursor, such as but not limited to methyl
cyclopentadienyl manganese tricarbonyl, manganese sulfonate, manganese

i p'henate, manganese salicylate, cyclopentadienyl ma.nganesé tricarbonyl, alkyl-

O cyclopentadienyl manganese tricarbon};l, organic manganese tricarbonyl
derivatives, alkyl cyclopentadienyl manganese derivatives, bis-cyclopentadienyl
manganese, bis-alkyl cyclopentandienyl manganese, neutral and overbased

manganese salicﬁates, neutral and overbased manganese phenates, neutral
and overbased manganese sulfonates, manganese éarboxylates, and

combinations and mixtures thereof,
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{ '‘phenat e, manganese salicylate, cyclopentadi enyl nmanganese tricarbonyl,

al kyl cycl opent adi enyl manganese tricarbonyl, organi c nanganese

tricarbonyl derivatives, alkyl cyclopentadi enyl manganese derivatives,

bi s-cycl opent adi enyl nmanganese, bis-al kyl cycl opentandi enyl manganese,
neutral and overbased manganese salicylates, neutral and overbased
manganese phenates, neutral and overbased manganese sul f onates, nanganese
car boxyl ates, and conbinations and m xtures thereof. 12 According to one
enbodi ment of the present invention, a preferred nmanganese source is :
met hyl cycl opericuirding tavene ansswelitrent af thePresaitahvallion, 4 pREkE !
Corporation as MMI(r) Gasoline Additive, or H TEC(r) 3000 Performance

Addi ti ve, mangaREENSLRN js Jléﬁdbbbﬁ&dl@kyl ﬁ%%&é%ld&b&n%%ﬁﬁil%lks

meant any and all internal external conbustion devices

boi l ers, frofE Co t \Y n : ur ner
€18, CorfpforaabalLy MM PBIPNAne ﬁddl'ﬂ% eﬁz’%]?b%#@é%@

systens, plasma are, stationary burners and the can conbust

Corin mlp&f&aﬁaasemm%@@Rﬁwﬁmm&pﬁa&g&#&@ae' A " combustion uni t

may be fixed and stationary, or It nm railroad

| oconotive, tr on.units |ve n the
utilization ofgsf%&n?gégﬂ% 1}&#@% Lfég;g‘f%#& %@Iﬁrn ﬂ@ 15 ‘Fm&‘tﬁraﬁéir%xt%‘fnal
conmbusti g di ng for rrp e and Wlthout limtation herein,
st at i onar({}’m u#‘né’??w&%(sét g" rli'lg??\%r]%ﬁ%q’@ UPasEt INERCT Rt Ref ©PGASET i ne f uel

bur ners, ower u& ant enerat ors, m gl ant furnaces, and the like. The .
hydrocarb S Uk Stk uﬁﬁ%ﬁ%ﬁtP » VRSTa2 (R 6 StREiPngER Brirners and the likeesent
i pvention fm %I ude all . . _

ich 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 Iocomotive, truck’s, etc.). The combustion units effective in the
utilization of the present iﬁveﬁtion include any and all burners or combustion
devices, including for example and without limitation herein, stationary
burners, waste incinerators, diesel fuel burners, gasoline fuel burners, power
plant generators, power plant furnaces_, and the liice. The hydrocarbonaceoﬁs
fuel combustion units that may benefit from the present invention include all
combustion units, systems, devices, and/or engines that burn or oxidatively
C 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, alcdhols, 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



[ [ [ [ ‘ | datively
combustion units, systenms, devices, and/or engines that burn or. oxi vel
deconpose hydrocarbonaceous fuels. Fuels suitable for use in the operation
of conbustion units of the present invention include hydrocarbonaceous

fuel s 'such as but not linmited to diesel fuel, jet fuel, alcohols, ethers,
kerosene, |ow sulfur fuels, synthetic fuels, such as Fischer-Tropsch
fuels, Ii qui d petrol eum gas, fuels derived fromcoal, coal, genetically

[ 'ofuels and crops and extracts t herefrom natural gas,
eng|neered bl p and so-called i3

or i ati l.i nes
f;?g?ﬂ& at e aso aréa%gv\ﬂl ¢h 1}1 y&8ﬁ'§%‘?‘%’%§tw¢ﬁ¢6?&(§d Fﬁ)@ﬁﬂ:ﬁ')f theh
e and fu oxygenat ed bl endi ng agents, such as

Sioonols. Qf%%fw%%{ﬁa%mp aasf% “olighi5 corEonied ipngding ageite, uch unds.
O her fuel.s t are use in the met hods and conbustion units of the
present 9%3% SEh Qg??rrl%m%}i’}ﬁ ey geRrsontaining prgestic @ongpoundy., crude
coil, refi bottons and by-products, crude oil extracts, hazardous

wast es, %ﬁﬁbg ftha@reamseinbin the meshodhiapd comabustiodustits ﬁgﬂidlpfés%hm
wast e, faodder, SI | age, plastics and ot her organi c waste and/ or
by- pr odudpgenting aregasolise, buskeofyelaoohldiubs bpSRirr)y PEAS AN Fefifdls )
di spersions thereof in water, alcohol, or other carrier fluids. By "diesel

fuel " her bpﬁomS"rmachﬂaqu@dmmtmmdfettﬂl s;:uaak?ﬁbﬁﬂ—&dlﬁmvéﬁfes%ﬂfw consi sting
~of diesel fuel, biodiesel, biodiesel-derived fuel, syntheti T di esel and

mi xt ur es trimeméngs a'n‘il:iesm@bemﬁb@drﬁmp& @0 SHv "ddsﬂ%éﬁ’&ﬁt@fﬁ'v@a{&eof r‘%{ gSsuri zed
air or any other oxidant that is combusted with T uel ustion

unl t. Theilagedphistics and other organic waste and/or by-products, and mixtures

d 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
fuél, synthetic diesel and mixtures thereof.

The term “combustion air” includes ambient or pressunzed air or any
other ox1dant that is combusted with a fuel i 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 modiﬁec}
G to meet or maximize the efficiencies of the combustion unit. |
Oxygenates suitable for optional use in the i)resent 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 difethylene glycol) monomethyl ether, and

mixtures thereof.

14



may be gaseous or it may be liquid or solid or mxtures or precursors
thereof. ‘The conbustion air nay be additized prior to conbustion or

ot herwi se nodified to nmeet or maxim ze the efficiencies of the conbustion
unit. Oxygenates suitable for optional use in the present invention include :
met hanol , et-hanol, isopropanol, t-butanol, m xed al cohols, ethers such as '
methyl tertiary butyl ether, tertiary amyl nmethyl ether, ethyl tertiary
butyl ether and m xed ethers; polyethers such as 2-nethoxy ethyl ether -
(diglyne), triRpametes m@miﬁbnmws%a@bf@fé&%m fendibgldy| ene glycol)

nmononet hyl ether, and m xtures thereof. 14 Exanples of transition.netals

that are swummessibgthi Gebieabl 3B bRy @213%&9 o?haﬂ‘?d%c %ﬁ%&g&hﬁ(g%ﬂ%fén -i ng

vel ocity of flanes through nmechani sns as ra

i i | M, Fe, Co, Y, zr, M. Ru,
R PO G G ey e OB UTHRSe e orgRhic 130 At omPO RS A Var

capabi | i t&eMAl fel 8O gaB| CA@NEh LT L, € ,CoNnpo Jla, Ce, Yb, and Lu.
Acti ni des that’ nay ’eghgié’dl\@h%tlﬁi@%%‘%ﬁgcgﬁ’E_ﬂfjgf’gﬁ?’néﬁg]én?@d Btndhsr gani c
conpound .and. U, Metalloids that exhibit a simlar function are
i nor gani ?adaﬂr'll1 ogaggﬁl@l glcr)ﬂ%%{lﬁﬁga 1tgs axe inegganis and pregnic eerppbndg ofl kal |
met al conpounds,.al so exhibj.t.some flame retardancy albeit at an order of
magni t ud refp N :tpg% §[rb ’ ﬁﬁ’glnf?hécéﬂﬁe@rs%@ﬁdp% be fusedi ig this application aire énorgamions .
Sone of thed nmetals exhibiting this feature are inorganic conpounds of Li,
Na, K, RS Qegnescompermds et P rgdii cMetalimds dbabéxhibitk ishailaar t h

metal s sych .as those of My, Ca, Sr, and Ba performin a simlar fashion to
al kal i pgeion are inorganic and organic compounds of B, Al, Ga, Ge, In, Sn, and Pb.

S %
i

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. compouﬁds 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
O burning number 6 fuel oil. During thelﬂexperiment, various observations and |
measurements were ;ecorded 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 S, 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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Trial Experinment The present invention was tested in a trial at power plant
generator ~ burning nunber 6 fuel oil. During the; experinent, various '
observations and neasurenents were recorded as noted in Figures 1-4.
During the experinment, measurenments were taken during week 1 when fuel

w t hout any additives or treatnent as clainmed in the patent was burned.
Subsequently, fromthe beginning of week 2 until the end of week 5, a

sour ce of . 0. the fu urned in the generator at a

t r eat ment agg%%%égﬁ%%wgg%%&ﬁ%%ﬁ%%b% ’315"6‘% ’F?tf?té‘f constans fgbni(ﬁé afdhght of

t he fuel s .npted that .th 5 additized fuel used at the plant
r emai ned ?ﬁ%@%gﬁ%éilﬁs 'aﬁln P %§$’8#°’t‘ﬁ§’eeb%%ﬁe@ﬁn@ﬂtiﬂ@ finqlatwo
Finally, %E%Igr 6t he t70ur weeks of treatnment, the final two weeks 6 and 7,
were agai N ron oehnc? deVSIF @88t TYnLFud Wthortw sausee ofitedgaBesmadded! f uel
source variabi]%it , It 1s not uncommon for the fly ash resistivity to span
a large resitivft ﬁﬂaﬁ’fgtjé‘ei AOVFRS atiebibity,rbis not tncommouldor the figeshr ol t he
efficiency of the ESP to counteract this variability, sulfur trioxide

(SMB) is TEidiBbiegpamedarge réditivity aangp &t Heasanfe blendrShit Theo s ths used
to lower the fly ash resistivity into the acceptabl e ESP performance

val ue. Theentrpletheefliniencysd, thodESP ¢o coancaachsie vazidbiiie sulbattioRfdean
additive on ESP efficiency, care nust be taken to ensure that all

resi sti vi©Ps} inpiensimsedaneo tha fitiegthsotipstaéathhtd thaESIS0THe NS LN ﬁééc} fd in
the fly ash. Figure 1 shows the fly ash resitivity change as a resu of a

manganes dowad dht iflyeasto sedsiivitNuntoethetaddeptail IR parbhaahet hfud M8lis

del i vers about 20 ppm
C - being the case, before one can ascertain the impact of an additive on ESP

=4

efficiency, care must be taken to ensure that all resistivity cdmpaﬁsons are
carried out at the séme S03 cl:oncentration 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 pPpm
wit% manganese to the fﬁél. The change was determined between week 3 and
week 5 because thes.e were the time periods in.the testing when the flue gas
c‘onta.ined 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 106, 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

resistivjty. Other fuels initially produce fly ash of low resistivity because of a
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wt % manganese to the fuel. The change was determ ned between week 3 and
week 5 because these were the time periods in the testing when the flue gas
cont ai ned conparable | evels of SOG3, as can be seen in the Figure 2 graphic.
The resisitivity value change froma high of 2.84 x 107 to a | ow of.2.16 x
106, showmn 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. Sone fuels burnin .
conmbustion units to produce fly ash with a high resistivity. Qher fuels

initially a4se f.low resistivity because of a 16 high carbon
content, lﬁgrpon Slﬁlbé%%%zlﬂ’t 8%% ()Sﬁlbgﬁﬂﬂe’%?a,"‘)t’(%b?’é%f)‘ﬁ’it@ietr)‘?SlﬁtWéWeases
significa In.both cases, aboye, where the resultant back resistivity
fly ash en ‘Jé"rg%sﬁ%se‘ g&alﬁfy- %Boﬁbeﬁqsﬁbﬁ‘@yw@rﬁﬂ@%msqlm hack x 109,

then a phenenenon.cal | ed "hi gh corona di scharge" may occur. Figure 3 shows
that bet mﬁeéﬁsrﬁ"é& fly sk entgry the ERP, il thatgnsisuisiien is\Higher Huareds@a T0%m 2. 84
x 107 OhmcmtqQ a back corona inducing level of 2.14 x 109 Ohmcm For the
ESP to ¢ ? @hepogmenan galled, chigh esaehadisthsrgeinay, odcue. (tipant Badhdwes vieen
the electrodes 5 has to be increased in order to force a negative charge
onto t he 13} hetweendest waek Scand i therflyyhsh oesistivity ineyased Sonh Pe8 4 ASES
trapped in the fly ash |layer on the collector anode to ionize. The

resul t i ngOhansmtelarkedikcetrongi induaing' keivakbofy?.aw'x 20° Ohenanadgor tROSH td he

il oni zation is high enough, there is an arc discharge between the

el ect r odesanthat fycrstest sieh E&&mfasasaﬁﬁty,omeoy&enﬁapbeﬁ(&éé@lﬂ% P S

control this back corona discharge. A lowering of electrica
C} ~ 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 tb 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 digcharge event occurs, there is_s_ re-intrainment of fly ash from the
anode collector plate back into the flue gas flow stream, and can seen as
trarisient “puff” spikes in flue gas opacity readings. None of this back corona
discharge pheno;nenon 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



potenti-al between the electrodes directly |owers the ESP efficiency. This
woul d be seen as an increase in flue gas opacity. In addition, every tine
a back corona discharge event occurs, there is re-intrainnent of fly ash
fromthe O anode collector plate back into the flue gas flow stream and.
can seen as transient "puff" spikes in flue gas opacity readi ngs. None of
this back corona discharge phenonenon was observed in the visual opacity
observations made during the testing of the manganese-containing additive.
Fi gure 4 tiadwhetdiwasapasireypshanR@eionatineRhsthentdy, orr espondi ng
to the resisitivity change in Figure 3. The lgmrn{tﬁf@bbg‘é@gﬁf&#%?q n
Figure 4 ddravpdifitd ¢ FEAK® 4 Tind®PRE fél HLQH . week 4. . ver, this
increase is ascribed to the fact 17 tha@%@rﬂé ‘aﬁ‘tse%ge%??@&bmr{bmbad
i ncr ease leRirasRi8dideYed d2es r ints in Figure 4, and this
fuel throughput in??lease resuI ts i'ltn tagﬂn:of%u-{y%?\céﬁfzo%ﬁcalsfﬁﬁﬁ%? gxgEsdfown.
. The lack Df;i@BYre c .. di arge events. is a direct result of the use
e R pE O U B HITRE R B dhE b

of manganese I n t powvier that incorporates a

combustion unigt _J e to output an amount of power direct]y related to
the amount of * Béﬁ’egg’?%%ts%e&?r ﬁ&@’rﬁ’gl%ﬁ’fmﬁ’%‘fe@rﬁ gerbustiga waiis abloto of
opacity Io%\{gl tof the c usti on_exhaust as fromthe conbustion unit is an
ef fective cap om e ROV HERGEE ralated tp thecamowet of Snelreaambustediin i s
.al | oned k@ output..ln this trial experiment, the power output fromthe
pover gert8f ST Uty The regglationcefmpacitynievelafdiie citbastionxsbadsng a
regul at ed xi mum opacity |level with use of the clainmed additive.

Speci f i c&PFromy thereorpbystion unit isvanreffective tapain thepaimion it tof WRswdrUhat

L 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. Witl::out the
manganese additive, increasing load to over 340 megawétt exceeds regulated
opacity level. As demonstrated, therefore, the power generation efficiency of

(ﬁm\; the power plant was increased by more than 5% as a result of using the
manganese additive in the combustion unit.

A cbpending application, Serial No. 10/322,158, filed December 18,
2002, discussés 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



t he power output was increased froma baseline 340 negawatt |evel to 360

nmegawatt wi t hout exceeding the regul ated opacity |level. Wthout the
manganese additive, increasing |load to over 340 negawatt exceeds regul ated
oFacity | evel . As denonstrated, therefore, the power generation efficiency
o] the power plant was increased by nore. than 5% as a result of using the
CTi manganese additive in the conbustion unit. A copending application,.
Serial No. 10/322,158, filed Decenmber 18, 2002, discusses other benefits

i denti fi dg innthiehs gare qoyeh | . . ial.. That application is
0 foral %@Hqﬁ%ﬂ?@@:‘?ﬁs%eﬁﬁ ﬁrl?d"cfolto menate eact ant s

I ncorporated herein by reference. 0 be

‘and conpaveiét enmecal .na nywhere in the specification
h LA QK e e 13 Rieh pars opphomallypar o

or cl ai ns hereof,

i dentifi | ' to comng int contact with anot her
Subst : Iqag@%éé&%eﬁ)&%&m@{ﬁg?ﬁg'kaﬁw rgrnloé %erlﬁifﬂbxmhﬁ@g@,, base fuel,

substance referred to by

sol vent, g4:651 At not what chem cal changes, transformations -

and/ or react]l 0%1181%;1&??@5%1;%/{/% t gﬁch?%%’é%?HYt ke Blage tn the mesulines mrixtvgelogt | on

or react isBF.rth‘}f“ mas. such ghanges, transfornations and/or reactions are
a [9)

the natural resul { BBt FHGIHE efsushehanged, traasfamatiandind/o€onponent s
toget her _under the conditions called for pursuant to this disclosure. Thus
the react Bt OBFRISC BHES reswt of bringing thaspecifed degiths i anfi/Be brought
together either in performng a desired chem cal reaction (such as
f or mat i ofiPBPOPRELS Fegstbeetader the onpditint)s exllddnfol GfuFstiand 16l egisr €d
conposithpn '
C isclosure. Thus the reactants and components are identified as ingredients to
: 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 biended 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
(«_i substance, components or ingredient as it existed at the time just before it Was.
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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" In this sheEnts.caap

(such as an additive concentrate or additized fuel blend). It will also be
recogni zed that the additive conponents can be added or blended into or
with the base fuels individually per se and/or as conponents used in
formng preforned additive conbinations and/ or sub-conbi nations. .
Accordingly, even though the clains hereinafter may refer to substances,
conponents and/or ingredients in the present tense ("conprises", "is",
etc.), the reference is to the substance, conponents or ingredient as it
exi sted a [ J fore it was .first .blended or m xed with one.or
nore ot he%cé%%st% g{%igg,g&éqocgrr%g%éﬁ PRGN Pﬁé’f‘@dﬁ%‘ﬂ?%‘ﬁ%%@é@ laiges wi t h
t he presep,;er 'bfscl osure. The fact that the substance, conponents or
i ngredi en Yy have lost its original identity through a chem cal reaction
or transformatjop .during the course of such blending or m xing operations
or imedi at el y ?é@??&cait’é’nt Refsreinst hgs bpemmeadeto agrumbet of BeSur at e
under st andi ng and appreci ation of this disclosure and the clainms thereof.
Tg?bec} &reigsnpatend applieatinad entdy oa publtstredoechinfal
Pat ents, published foreign patent applications and/or published technical
papers. APEPHi§eAlksuel dtsslidecumenteamamessly inoogsqatal adfulidee thiknt o
this disclosure as if fully set forth herein. This invention is
suscept i biliscloswronsiiflfilibbet foath htigdn. in its practice: Therefore the
foregoing description is not intended to Iimt, and should not be

construed as |Thistinngntidhes suy¥esPtiie tb @ohBRIPAble vt AiorE ke IR ihfAaL] ons
present ed herei nabove. Rather, what is intended to be covered I's as set

f Qr th Therefore the foregoing description is not intended to limit; and should not be
O 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 lariy disclosed modifications or alterations may not

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

invention under the doctrine of equivalents.
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in the ensuing clains and the equivalents thereof permtted as a matter of
‘| aw. Patentee does not intend to dedicate any disclosed enbodinents to the
public, and to the extent any disclosed nodifications or alterations nmay
not titerally fall within the scope of the clains; they are considered to
be part of the invention under the doctrine of equivalents. 0 20 What Is
Clained Is: 1. A nethod of inproving the efficiency of an electrostatic
preci pitator used to collect fly ash froma conbustion exhaust gas

resul ti ngyhi018 ERemegagbusti on of a fuel in a conmbustion unit, the method
conprising adding to a fuel an anmount of a source of manganese effective
to inprove the efficiency of the electrostatic precipitator. 2. A nmethod

of inproving th fici,ency of an electrostatic precipitator used to
collect fly aghepf %’?ﬂédé’gr’%ﬁﬂ”&g@?ﬂm siengy of agsgleetragtaticapsecipitator
conbusti gn gf a fuel .in grconbusti n upit, the method conprising adding to
a  combuSPFBie &eHse Y 58 Irpma combustion exhauss gos reavlfinefeomethect i ve to
inprove the. effjciency of the electrostatic precipitator. 3. A nethod of

r educi ngSHREY A Hieldna gembyisiiencnai: thsmethed comguiging atdelingsed t 0
collect fly ash.froma conbusti on exhaust gas resulting fromthe

combust i Biflam amoyat afe sowrpemfynanganestd effedtivertihpdocenhe ieficiencypétli ng t o
a fuel an anpbunt of a source of manganese effective to reduce back- corona
di schar gth¢ plegtrostagit prestipitatorpr eci pi t at or .

G ‘ 2. A method of improving the efficiency of an electrostatic precipitator
used to collect fly ash from a combustion exhaust gas resulting‘froin the
combustion of a fuel in a combustion unit, the method éomprising adding to a
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 exhaus;‘; gas resulting
f1:om the combustion of a fuel in a combustion unit, the method comprising
- adding to a fuel an amount of a source Jof manganesé 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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4. A nethod of reducing back-corona discharge in an electrostatic

preci pitator used to collect fly ash froma conbusti on exhaust gas :
resulting fromthe conbustion of a fuel in a conbustion unit, the nethod

conprising 21 adding to a conbustion exhaust gas an amount of a source of

manganese effective to reduce back-corona discharge in an electrostatic.

precipitator. 5. A nethod of reducing back-corona discharge in an

el ectrostatic precipitator used to collect fly ash froma conbustion

exhaust’ . |t .0m t he conmbustion of a_fuel in a conmbustion unit,
t he metho é%g’ggiasédr%gbuéég?ﬁms B85 MLRTIOYRt 84 Amtreg #f mangansset of at

| east on f..an additiv sel ected . fromthe group consisting of inorganic
and or gaﬁeiff(%cgg%%ﬁ?l%%ceosacﬁcgﬁ%? %&F}}?é"gﬁll% anglectrostasic preotpitatodes, al kal i
and al kaline earth netals, netalloids, hal ogens, phosphorus, and sul fur,
the anount effective to reduce back-corona discharge in an electrostatic
precipitator. 6. A nethod of reducing back-corona discharge in an

el ectrost ati ¢S ph &sthrdafgedusing backcbteud dischanshirf annslectessiaust i on
exhaust gas resulting fromthe conbustion of a fuel in a conbustion unit,

t he met hd¥eeipitptarsisayl taadeliles fisoash domhustdrmbuetbaeshagas ga8 radPlin; of an
oxygenate effective to reduce back-corona discharge in an electrostatic

preci pi t &oon th cofittaistietrhofia dfiebitya @bmMistirping, ﬂli@méﬁl%ﬂ%o%%ﬂ%n
conmbustion unit is selected fromthe group consisting of any an N

bur ners, adtlatg tnarcprdbusitrs exhMast ad B BRIHNR0F at %ﬁ%}n \J?_n BALARSS
gasol i ne fuel burners, power plant generators, power plan urnaces, any

%ml al | seleefedfrofithCXidti8bn SRR iABreanic 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 ekhaus£ 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

e reduce back-corona discharge in an eleétrostatic precipitator.

7. The method of any one of claims 1-6, wherein the combustion unit is
selected from the group consisting of aﬁy 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

22



devi ces, boilers, furnaces, evaporative burners, plasnma burner systens,
pl asma 22 arc, and devices that can conbust or in-which can be conbusted a
hydr ocar bonaceous fuel. 8. The nethod of any one of clainms 1-6, wherein the

fuel. is selected from the group consisting of diesel fuel, biodiesel,

bi odi esel -derived fuel, synthetic diesel, jet fuel, alcohols, ethers,
kerosene, |ow sul fur fuels, synthetic fuels, Fischer-Tropsch fuels, liquid
petrol eum gas, fuels derived fromcoal, coal, genetically engineered

bi of uel s g.p? s .and _extracts therefrom natural gas, 3i propane, butane,
unl eaded no %Iwﬁ?ﬁ HRatrAn SOBIRYR OF insthich fan be cogawtstedes whi ch :
contain b tg%ﬁégrocar bon of the gasoline boiling range and fuel-soluble
oxygenat et j el gasol i ne, bunker fuel, coal (dust or slurry),
crude oil, refinery " bottoms" and by-products, crude oil extracts,
hazardous wastes, yard trimmngs and waste, wood chips and saw dust,
agricultural waste, fodder, silage, plastics, organic waste, and m xtures

" thereof, and %nﬁhgmﬁﬁmdsuépaylmnﬁ' claings 165 Vel Eredn $hé H‘ﬁélei@.fse[&tg@]-ﬂn
al cohol, and other carrier fluids. C9. A nethod of any one of clains 1-6,

wher ei n t Wi growmpeerrafisting gd dise] fiidl, bﬁi(ﬂ@de@dbibﬂi&el—'ﬁl%rﬂéa geg%ﬁﬁéﬂ@g of
n

- methyl cycl opentadi enyl manganese trlcarbonyl cycl opent adi manganese

tri car bongieselbjet-fuel; cllogtestsaditamy| keﬂ&eﬁ@m%%&lwmgcsﬂ%eu@fﬁel al kyl
cycl opent adi enyl manganese, manganese

Fischer-Tropsch fuels, liquid petroleum gas, fuels derived from coal, coal,
C‘} 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 t:imrhings 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- alky! cyclopentadienyl manganese, manganese
sulfonate, manganese phenate, manganese salicylate, alkyl cyclopentadienyl

mangarnese tricarbonyl, organic manganese tricarbonyl derivatives, alkyl
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sul fonat e, manganese phenate, manganese salicylate, al kyl cycl opentadi enyl
manganese tricarbonyl, organi c manganese tricarbonyl derivatives, alkyl 23
cycl opent adi enyl manganese derivatives, neutral and overbased nanganese
salicylates, neutral and overbased manganese phenates, neutral and

over based nmanganese sul fonates, nanganese carboxyl ates, and conbi nati-ons
and mxturés thereof. 10. A fuel that is adapted to be conbusted in a
conmbustion ynit to, result in a conbustion exhaust gas, said fuel

conpri si n@’%ﬂp%dfﬁmdfmang%ﬁﬁec@ewawﬁgam@@l @hileeverbasecbniangemeset he
efficiency of an electrostatic precipitator used to collect fly ash froma
resul ti ngSdlispitesi Bautsah ansk ovgabaset magandde pheaates, revtesl aridobebased
conbusted in a conbustion unit to result in a conbustion exhaust gas, said
fuel addi mangasespsifongtem mamgmtesofcazbosyluteas adlkl cRNbARE M LAR@Cti ve to

i nprove the efficiency of an electrostatic precipitator used to coll ect
fly ash fmixtuirbe theardofist i on exhaust gas. 12. 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 manganese effective to inprove the efficiency of an

el ectrostatic g eaifiel B isusRihibd 16 Mel @fholibted¥hlh LoABURE GRS | On
d to be conmbuste

exhaust gas. 13. A fuel that is adapte ( I'na conbustion
uni L to, fesaitih 4 BofARIRHPEMRA DR ShiddRfel BfhililE ar® HRUAY G}, 2N amount
source of manganese effective to improve the efficiency of an electrostatic

C:E 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 exhaust gas.

12.. An additive fhat is adapted to be injected into the combustion
exhaust gas resulting from the combus;ﬁion of a fuel in a combustion unit, said
additive comprising an amount of a soﬁrce 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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source of manganese effective to reduce back-corona discharge in an

el ectrostatic precipitator used to collect fly ash fromthe conbustion
exhaust gas. 14. An additive for a fuel to be conbusted in a conbustion
unit to result in a corbustion exhaust gas, said fuel additive conprising
an amount of a source of manganese effective to reduce back-corona

di scharge in an electrostatic precipitator used to collect fly ash from

t he conbustion exhaust 0 gas. 15.  An additive that is adapted to be

i nj ect ed SPHrec phmanganestiefiectiex bavedugabaclesotdrangisthangd #eagonbust i on of
a fuel in a conbustion unit, said additive conprising an anount of a -

sour ce ofelardmariatis pretipietorastd to edlled flpask 624 9he cohiIRM @ ekiNa gt
el ectrostatic precipitator used to collect fly ash fromthe conbustion

exhaust gas. 16. An additive that is adapted to be injected into the
conmbusti on exhaust gas resulting fromthe conbustion of a fuel in a -
conbustion unit, said additive conprising an anount of at |east one of an
additive selected fromthe group consisting of inorganic and organic

conmpounds of taangh bideiiveiR Suel 2 tﬂe%d}ﬁgus{eﬁghgfgé;?lﬁ)al;sﬁ%gglﬁléljtgﬁggﬁpltof

al kaline earth netal s, hal ogens, phosphorus,
addi tiveyetfestihus :F;g ck-carona.discharge.25 in an el ectrostatic
preci pi tat or useﬁsitléﬂco g%?ggg’y&égﬁ_{lfs?%ﬂ&ftﬁgc YRS ERAABEOL Gas, 17.
An addi t jye, thgf m'a%g%glggé %ﬂeét?veb% }erHuec%t ggcﬁ—gé%rfahc%sgﬁan%%sig zﬁ?

electrostatic precipitator used to collect fly ash from the combustion exhausf

@ gas.

15. An additiye that is'adapted to be injected into the combustion
exhaust gas resulting from the éombustion 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.

C\ 16. An .additive that is adapted to be injected into the c'orﬁbustion
- exhaust gas resulting from the combustion of a fuel in a combustion unit, said
a&diﬁve 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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exhaust gas resulting fromthe conbustion of a fuel in a conbustion unit,
said additive conprising an anount of an oxygenate effective to reduce
back-corona discharge in an electrostatic precipitator used to collect fly
ash fromthe conbustion exhaust gas. 18. The conposition of any one of
clainms 10-17, wherein the conbustion wunit is selected fromthe group
consisting of any and all burners, stationary burners, waste incinerators,
di esel fuel burners, gasoline fuel. burners, power plant generators, power

pl ant f urinaaeslecimstatid pabdipitatar aséd a6 doBdtaTyadh oA NS b iY¥d.Fes.
boil ers, furnaces, evaporative burners, plasma burner systens, plasnma are,.

and devi cexhdumtgagan conbust or in which can be conbusted a

hydr ocar bonaceous fuel. 0 19. The conposition of any one of clains 10-17,
wherein the fuel is selected fromthe group consisting of diesel fuel,
bi odi esel, bi odi esel -derived fuel, synthetic diesel, jet fuel, alcohols,

IR S, AL MO o il

fuels, liquid petrol eum gas, erive Etically

engi neer I I : nd extracts therefrom natural gas, .
propane, but g%félé%tﬁ'?\r ggggg %gﬁlo EY Si‘topo‘?fhagﬁﬁ%lnil ReCmBBSHEnJiRG sridd
~gasol i nesad/(\mich gont ai.n _both hﬁdr%ﬁar bons of the gasoline boiling range
and fuel ~So1 UBT E°BRTGENE PEABPURYG Oh G ragperdenate edetivedo neduesbaqkeroransal
(dust or s . crude oil, refinery "bottons" and by-products, crude oi

| :
extract s OH i dunanglecHostatic Rregipitatarjiseshi salleck flywesbdfroni Hae and saw

combustion exhaust gas.
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 incir;erators, diesel fuel burners, gasoline fuel burners, power
plant generators, power plant furnaces, any and all internal and external
combustion devices, boilers, furnaces, evaporative burners, ;;lasma burner
systems, plasma arc, and devices that can combust or ih 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 diésel, jet fuel, alcohols, ethers, kerosene, low éulfur 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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dust, agricultural waste, fodder, silage, plastics, organic waste;, and

m xtures -thereof, and enul sions, suspensions, and di spersions thereof in
wat er ,. al cohol, and other carrier fluids. 20. The conposition of any one
of clainms 10-17, wherein the manganese is selected fromthe group

consi sting of nmethyl cyclopentadi enyl manganese tricarbonyl,

cycl opent adi enyl nanganese tricarbonyl, bis- cycl opentadi enyl manganese
(manganocene), bis- al kyl cycl opentadi enyl nanganese, nanganese sul f onate,
manganes erefitenaleted FRSSIRNRSOLEN b6MtAhDothAydrbeds 3l Qi¥he TRRGAnese
tricarbonyl, organic nmanganese tricat bor?yl %r?vé@#@@%&%ﬁgﬁnﬁ%ﬁ%g
cycl opentradigenild fRIGBASSE HSLENA - and. ovenbased mnganese
sal i cyl at esl,g neutral and ove gase(fd\lngﬁag%?egéé%#tghg?%os}fncﬂb rri%%ﬂeﬁ?&?
over baseqq{iBPIRARRSEAS e ganese cgarb | at es, . and _conpi nati ons
and ni xt Sr es tﬁer a5y Hﬁagihhé?%oggO%O?trs%?%\ﬁjlfgﬁ%?éog’f‘ﬂ%i%‘B an

el ect rosteglrtf;a%tgrlﬁ laﬁ-a':lt ator .used to coll.ect fly ash froma conbustion

Y
exhaust .gas resu GOYP SRR Y BHRIGiBES andasiel wend cuRp@ad sawair in
a conbustj on uni.t,. the netho 7 conprising adding to the conbustion air
an armuntduc?ft’ ﬁglél%‘d{rﬁ’éﬁd’f’a%ng’éiﬁé{eﬁ%g%éﬂ%@@:toégﬁliiﬁﬁm@tet radahiittrency of
an el ect régstagi C (Ereci pitator. 22. A nmethod of reducing back-corona
di schar g&PFiFohnaRy gnpylsions susppneiens; eadelispersivnsahenedisict whter, atdobol,om a
conbusti on exhaust gas resulting- fromthe conbustion of a fuel and

conbi nat PH& thericarderBrislsti on unit, the nethod conprising adding to the
conbustion air an anmobunt of a source of '

20. The composition of any one of claims 10-17, wherein the
manganese is selected from the group consisting of methyl cyclopentadienyl
manganese trica;rboq_yl, cyclopentadienyl manganese tricarbonyl, bis-
cyclopentadienyl manganese (manganocene), bis- alkyl cyclopentadienyl
manganese, manganese sulfonate, manganese phenate, manganese salicylate,
alkyl cyclopentadienyl ménganese tricarbonyl, organic mangénese tricarbonyl
derivatives, alkyl cyclopentadienyl manganese derivativeé, neutral and
overbased manganese salicylates, neutral and overbased manganese phenates,
(-} neutral and overbased manganese sulfonates, manganese cmboxylétes,- 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

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



manganese effective to reduce back-corona discharge in an electrostatic O
preci pitator. 23. A nethod of reducing back-corona discharge in 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 nmethod conprising adding to the conbustion air an-
anount of at |east one of an additive selected fromthe group consisting
of inorganic or organic conpounds of transition nmetals, actinides,

| ant hani kali.and alkaline. earth netals, netalloids, hal ogens,
phosphor 3%%%12%&§Lﬁq‘cﬁ?g to ﬁéeﬁﬁﬂ'ﬁﬁ stiQn AEER smquntfduseurgeeofmakganesma

di schargef' n.an eLectrosé_lati precipitator. 24. The nmethod of any one of
clai ms 2F55UVGAR MEPFOYe e eifisirgiavai anyslectrostatisl pracipitatorm t he gr oup
consisting of any and all burners, stationary burners, waste incinerators,
di esel fuel burners, gasoline fuel burners, power . plant generators, power

pl ant furnace diall internal and external 28 combustion devices,
boil ers, fur ngg'e??%’ee&g‘a%r°£€F98°Blﬁnﬁ%?‘§'F0m% chargfein anyelectrestaptasma arc,

d devi t hat can nbust in which can be conbusted a
hydr ocar %’%SCIE ggh%r ‘flfﬁgcgo ?éfecfﬂ.é’ %’\'ﬂ? Iﬁ??:!ln Gf cormbuglien @thls-lat gas 2¢s@ingwher ei n

hydr ocar bona
the fuel Jis lected fromthe group consisting of diesel fuel, biodiesel,
bi odi eseffHR ?ﬁe EQrFistion ol fuel ard gpadhinatipe@irf ire coatnadiddss undt, ke s,
kerosene, |ow sulfur fuels, synthetic fuels, Fischer-Tropsch fuels, liquid
pet r ol euﬁﬁlﬁg‘?? qomprisingraddingite she coathustiad air ayeanfownd dfya ebgideesy ed
bi of uel s and crops and extracts therefrom natural gas, '

manganese effective to reduce back-corona discharge in an electrostatic

C} 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 c—-)f at least one of
an additive selected from the group consisting of inorgan.ic or organic
compounds of transition metals, actinides, lanthanides, alkali and alkaline

@ earth metals, metalloids, ﬁalogens, phosphbrus, and sulfur, thé 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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propane, butane, unleaded notor and aviation gasolines, refornul ated

~gasol ines 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 oi
extracts, hazardous wastes, yard trinmm ngs and waste, wood chips an d saw .
dust, agricultural waste, fodder, silage, plastics, organic waste, and

m xtures thereof, and enul sions, suspensions, and di spersions thereof in

wat er, al comblustiandleviddsg botlars,ifeinidds, dvapatftive BRHRPE, ShsAlYbHARGe:Of

claims 21-23, wherein the source of manganese is selected fromthe group
consi sti ngystbmi¥e pMEm& et oped ReieBthat E‘&@%ﬂﬂﬁﬁ?ttch‘ iny

cycl opent adi enyl manganese tri carbonyl, bis- cyclopenta |en$?nﬁ§nganese
(rranganocmbuslggcﬁa@hwéar%glla@ggﬁg?g&_enyl manganese, nmanganese sul fonat e,
manganese phenate, manganese salicylate, 29. al kyl cycl opentadi enyl
manganese tri carbonyl, organi c manganese tricarbonyl derivatives, alkyl
cycl opent adi enyl manganese derivatives, neutral and overbased manganese

sal i cyl at es, t ver based nganes enates,  neuytral and

over based mam%e‘g%LJ gg‘%}g‘gﬁa{ge%ﬁy ﬂﬁﬁg’iﬁ%é@sér%m gy ﬂé‘i’\ﬁ-‘dd%ﬁﬁleﬁﬁq ons
and m xtuges thereof. 27. A nethod of inproving the efficiency of an

el ect r‘ostfﬁ?ﬁﬁber%r&u& ‘E%H%?éns %gé‘zﬁeﬁ)&%lgg}@&s 1 logligseldsrivaddbabust i on
exhaust gas fesulting framth conmbustion of a fuel in a conmbustion unit,
t he metho FHf idéfr'sﬁgz-'eég‘é'?ln qahols.fatbersa kezoramne; low salfnfucts, syntieetimnese

effective to reduce o :
- 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, 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 Wasté, 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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back-corona di scharge in an electrostatic precipitator; and increasing the
.voltage in the electrostatic precipitator to a voltage higher than a

hi ghest efficient voltage avail abl e when conbusting a fuel that does not
contain the amount of a source of nmanganese. 28. A nethod of inproving the
efficiency of an electrostatic precipitator used to collect. fly ash froma
conbusti on exhaust gas froma conbustion exhaust gas resulting fromthe !
. conbustion of a fuel in a conbustion unit, the method conprising: adding
to a conmbiistlicyolopehaadicngd snaipaaess ticafbohyl 0b¥eei® narlBgsP 8ieadldstt i Ve
to reduce back-corona discharge in an electrostatic precipitator; and 30

i ncreasi agrivhAved|dy Fdlob&eadi&il TRASh &4 JoRideat ol t age
hi gher than a hi ghggfcjéf ?llt)ci gnt&vﬁ;ol tag%é%vgﬁgﬁagiv\%ﬁbﬁé%%% %%i{i ng fly ash

froma GoaNskoaRYRAL o BRSIMAR! U8R Bl SADLALN LI ARBL bl fs20u oo

- of manganese. 29. A nefhod of i npto I Ci ency Tstatic

precipit sh.froma conbustion exhaust gas _
resul ti ngkﬁ?%gﬁﬁgoéeggﬁg%é 1?11(E %Irl]é%?esg TR Tﬁﬂ%ﬁg?ﬁeo??rgp?‘yaliaﬁesa%é%ust i on
unit, th thod 0O ¢ r.i,sing., adding to a conbustion air an anmnount of a
sour ce O?O@ﬁ%%%%%séa@afn‘gﬁwggﬂ?%reptduce back- corona di scharge in an
~electrostatic precipitator; and increasing the voltage in the

el ectrostatic precipitator to a voltage higher

27. A method of improving the efficiency of an electrostatic precipitator

used to collect fly ash from a combustion exhaust gas resulting from the
.combu-_stion of a fuelin a combustion unit, the metho-d 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 volltagc' available when combusﬁng a fuel that does not

contain the amount of a source of manganese.

( ‘ 28. A method of improving the efficiency of an electrostatic precipitator :l
used to collect fly ash from a combustion exhaust gas from a combustion
exhaust g:els 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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than a hi ghest efficient voltage avail abl e when conbust | ng a conbustion air
that does not contain the anmount of a source of manganese. 30. A nethod of
inmproving the efficiency of an electrostatic precipitator wused to cellect
fly ash froma conbustion exhaust gas from a 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 t iriiehsingtheRtdtare iaCtheti {afdt | -al kal i _and .al kal i ne -
31 earth netals, metall oids, a'ri\ggl ogens,ggﬁooggh@%ré}‘s%fqipg%gogu? Flflgl,ltagf:ﬂ'élgi"ﬁe to
reduce b#edn eOhidMR s BTk 961 & stati.c _precipitator; and
cofvelePl; hhRh PRl apa s

increasing the voltage in the el®ectros P& t age

hi gher t ' f .Gl |.t age avail gbl e when collecting fly ash
froma c%@sﬁi&ﬁp ex %ﬁ%tté%ag{%tr%t% S%Ogsco ?mcam %ﬁnﬁWé’%W@eé{% | east
~ one of anm%ntei VAS sel ected fromthe group consisting of inorganic and

organic co unds  of transition nmetals, actinides, |anthanides, alkali and
al kaline earth netals, netalloids, halogens, phosphorus, and sul fur. ~f
31. A nethod to increase power generation efficiency at a power plant that
has an el ectrgé atic %eéi pi.tator used to collect fly ash froma conbustion
exhaust gas resti t} MFHRPE Al im@revingdbeiesicioncy of asl electiostatibystiipitsar i n a
conmbustion upit, the nethod conprising adding to a fuel an anpbunt of a

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
: G comprising:
adding to a combustion air an amount of a source of manganese effective
to reduce back-corona discharge in an electrostatic precipitator; and
increas.ing 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
O used to collect fly ash from a combusﬁpn exhaust gas from a combustion
exhaust gas resulting from the combustion of a fuel in a combustion unit, the
method 6omprising:
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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source of manganese effective to inprove the power generation efficiency of
a power plant. 32. 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 nmethod conprising adding to :
conbustion air an anount of a source of manganese effective to inprove the
power generation efficiency of a power plant. 32 33. A nmethod to increase-

pover geeard iRl hidthBoR ﬁHo}eﬁ%‘“@PPgh]ﬁgfust s r,aée}g(e%gﬁrgtagrggﬁ%c

precipitator . used to col I ect ash a conbustion

resul ti n%af:k%rgﬂﬁcﬁ LiiR Iélﬁgnfog%ﬁ%gg%cgﬁig%%sti on air in a comnbustion

unit, the nmethod conprisi"ng add to Cco &y FA0st gas an anount of

a source of Jebf ive to inprove the power generation _.efficiency
of a power pl an% ggﬁﬁngﬁ eﬁ‘\% %%%68 t?‘(? ‘?qg%tf%% 'cﬁﬂﬁﬁ‘rpl %%F%f‘i-"(? tageihighency at
a power plant ,that has.an electrostatic precipjtator used to collect fly
ash f roma%la%%@g'?%ﬁ&%b%ﬁavﬂpgﬁﬁvaﬂ% Y"R‘r?& sallspingdlycashbiromen of a f uel
and conbustion_ air in a, 6 conbustjon unit, the nmethod conprising adding to a
fuel an SYGYWston %’Eh%%ﬁasr%% does Awtaemtain thesemerng @tileash emeofjanup

consi sti ng of ingrgani c and organic conpounds of :transi tion netal s,

act i ni de89ditis $elerigd from the groupccansisting of inwganicmndiosgamiet al | oi ds,

hal ogens, phosphorus, and sulfur, effective to inprove the power

generati W@F}W@S@fdyamm@npuﬂmlsmmmdes, lanthanides, alkali and alkaline

Y
A
( %

earth metals, metalloids, halogens, phosphorus, and sulfur.

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 .combu_stion 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 genefation efficiehcy of a

power plant.

32. A method to increése power generation'éfﬁciency 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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35. 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 resultlng fromthe conbustion of a fuel and conmbustion air in a
“conbustion unit, the method conprising adding to a conbustion air an

amount of at |east one of an additive selected from the group con5|st|ng of

i norgani ¢ and organi c conpounds of transition netals, actinides,

| ant hani des, 33 al kali and al kaline earth netals, netaIIO|ds halogens, i

phosphorus, and sul fur, effective to inprove the power generation :

efficiency of a power plant. 36. A nethod to increase power generation

efficiency at3g ROWRIthBY electrostati c precipi tat or used to.
collect fly ash froma cgﬂ%ﬂgﬁ&%% % %té%nP W’%‘?Yng # BGrerdant

combust i gihOhadahUbledhst al r ustion unit, the method
conpri si ng ad%@ng t%ca Caﬁﬁ[}j}%ég’ﬁ %Hﬁg t%&glle LFP A o eembugtionone of
an addit .om.t he group .consi stin i norgani ¢ and organic
conpoundgm leg gnm %ul “%ﬁO&Péﬂf’&eﬁmﬂ%}&ﬂ of 3 '@ﬂ#ndjegm Usitioal firanc
-alkallne netal netaIIO|ds hal ogens, phosphorus, and sul fur,
effectlve&?é H‘BPO ’tﬂ? B&haed ﬁeﬂ’é}rbﬁmﬁﬁdémgtqwmbu@ﬁoa@dmst@aarﬁn 37.
A method to increase povver generation efficiency at a power plant that has
an el ect PHSPAL L 5UuicHiAl paneanaese affectiveitedmprbye Hehpbwemganeeithist i on
exhaust %ﬁs resultl ng fromthe conbustion of a fuel and conbustion air in a
conmbust | GHEIERCY oftanBOWeE Bltconpri si ng addi ng to a conbustion exhaust gas

an anount of an oxygenate effective to i nprove 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 '.and alkaline

earth metals, metalloids, halogens, phosphorus, and sulfﬁr, effective tb

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

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

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 combustlon airin a

combustlon 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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