Lowering the Amount of Carbon in Fly Ash from Burning Coal by a Manganese
Additive to the Coal The present invention relates to a nethod and additive
for lowering the amount of carbon in fly ash resulting fromthe conbustion
of coal. Specifically, the method and additive relate to the conbining of
a manganese- cont ai RoR§TIES thschmeuntiof Kartve io &y Agh from BurningrCelir i ng t he
conbustion of the coal. Backypddangandarslditivierto theyCadh results fromthe

i nconpl ete conbustion of hydrocarbonaceous fuels including coal. It is

desirabl e to ré&tegeescheineartianelates tas Meilivdandadditive fRM\G&idd Ge aﬁl\bﬁﬁﬁtlﬁ
amounht of fly ash em ssion froma conbustion chanber. Al so, | ow carbon By
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particul a LSSl I naces, sever.al nethods, are known to

P euce. carponrre atpRuo the Anfiilhe b BRRESIs e Rime FREP BRI e GORl PRSE ect ed
into the (EQBP t’ﬂ o chag“%gr i? | ncreased. Wiile this nmethod reduces the
amount of carbon g nef P ReRm o

increase in NOx em ssions. It is also known to reduce carbon in fly ash by
addi ng anounts of magnesi um or cal ciB#gkgreunde coal or in the combustion
chanber. The concentration of these netals that nust be added in order to
be effective i Sajemyindlyysh resuits frouthe fredopnpldtacgabiasion of BydYbcaBbkdcEENsOr
magnesi um can cause other problens in a systemsuch as fouling. One netal,

manganese fu¢ls inchplimgptda). Piedalibble fo &6 the eaBbn DM Srde t6Qahce thl

It thespgl-cal Iy results in an undesirabl e

. overall amount of fly ash emission from a combustion chamber. Also, low carbon fly ash
is easier to dispose of and more easily captured than high carbon fly ash by electrostatic
precipitators that are often used to control particulate emissions.

In coal fumnaces, several methods are known to reduce carbon in fly ash. In one
prior solution, the amount of air injected into the combustion chamber is increased.
While this method reduces the amount of carbon in fly ash, it typicaily results inan
undesirable increase in NOy emissions. Jt is also known to reduce carbon in fly ash By
adding amounts of magnesium or calciun’a to the coal or in the combustion chamber. The
concentration of these metals that must be added in order to be effective is very high.
Unfortunateiy, large amounts of calcium or magnesium can cause other problems in a A
system such as fouling.

One metal, manganese, is typically present in significant amounts in coal. In
some cases, many hundreds of parts per million of manganese is naturally present in coal.

However, there is no observed reduction of carbor in ash as a result of this manganese

inherent in the coal.



sone cases, many hundreds of parts per mllion of manganese is naturally
present in coal. 'However, there is no observed reduction of carbon in ash
as a result of this manganese inherent in the coal. | Summary The present
invention is directed to an additive _and a nethod for reducing the anmount
of carbon in fly ash resulting fr om SHEMR@Kbusti on of coal. The additive

i ncl udes a manganese-contai ni ng conpound, including but not limted to

i norgani ¢ and %hwmwemm iveiirgeing tearc additeeriel. a héthod fnesducithai ni ng
conpound” and "nmanganese conpound” nay be used interchangeably herein.

Fi gure | dapiuot of esrdnin flymshsésubtingifids teM@imbusith 6codl. "Bl dditi includes

I ntroduction of manganese additive. Figure 2 illustrates nmanganese in

flyash.  Beha&igafebeRatining coMpouhdHRIRATRAS ¥ imitdd &%ﬁ%@&?ﬁ gngont ai ni ng
S

conmpound is mxed with coal either before or 1n a co on chanber. In
order to eplARRRIANEMEhSGEL fe nganese as a cafalyst to the
conbust i on Feaction, ot &%ﬁn%#éa ezlgd%orrﬁlp%?ﬁ?agﬁ%h%fmaf%“g YRR f‘ﬂa/t he coal
must nmake « nganese avail able in. a nononuclear or snmall cluster

f ashi on. I%ﬂﬁﬁé%sgé PR e M dﬁ%‘i@t?rgh"d’igg YL’%‘Bmon or anong the coal
(carbon) partigles durjng conmbustion. Thus, in an enbodi nent here is
provided a net Ha#Pre depips Garkpminasthampownts g¥er time as a result of introduction of

manganese additive,
| Figure 2 illustrates manganese in flyash.
| Detailed Descrip_tion

In one embodiment, a manganese-containing compound is mixed with coal either
Before or in a combustion chamber. In order to enhance the effectiveness of the
manganese as a catalyst to the combustion reaction, the manganesc compound that is

. mixed with the coal must make the manganese available iﬁ a mononuclear or smali
cluster fashion. In this way, more manganese is dispersed on or among the coal (carbon)
particles during combustion.

Thus, in an embodiment here is provided a method of lowering the amount of
carbon in fly ash resulting from the combustion of coal, the method comprising
combining coal and an additive that comprises a manganese-containing compound
fonning a mixture thereof; and
combusting said mixture in a combustion chamber; the manganese compound being
present in an amount effective to lower the amount of carbon in fly ash resulting from the

combusting of the coal in the combustion chamber.



carbon in fly ash resulting fromthe conbustion of coal, the nethod
conprising conbining coal and an additive that conprises a

manganese- cont ai ni ng conpound formng a mxture thereof; and conbusting
said m xture iﬂ a co&‘gustion chanper; the manganese conpound being present
in an amount eflfSdypolesiged thakthe sigmificaniiavel of manganese that is hgtusally resul ti ng
fromthe conmbusting of the coal in the conbustion chanber. 2 It is

hypot hesi AePrARg AN ¢opd de¢svithavean appeemible iffent iglmesiag tieatmdunt 6fdamsa iny
occurring in coal does not have an appreciable affect in |owering the

amount of fiyaashbracause thel parpshedads bowst topethertin gnREHMeios mieridy tABRE RRGhHs | N
crystalline or macrocrystalline forns such as with sul fur ‘or phosphorous.

Ther ef or e sutlh&y With Sulfitor PhophidkdusC FRErefdIBUnLre ¥ not IR %&h?%?lg{t tog mal |

cl uster manganese atons avail able to achi'eve a di spetsion surround
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conbustion of natural occurring nmanganese, e

y
negligible, The term ' nmonpnucl ear” c nd, herei n_includes one where a
nmanganese SgFg?ﬁd?ﬂ% ‘%@Wﬂﬁe 8?1}}6‘9%&011&? %R@% ®agickis The electon in a
conpound whi %h s essentially _organo-soluble. An exanple is an
or ganonet EPMoEsHaRf bl ceseyEiRtImenganeses thersifers) appears twbe hegligitde.gani ¢
sol vents. Conpounds having "small clusters"” of netal atons can include for
exanpl e those vihetiermbtmondclzagbmmpdifd Ateirsincli:desvigariesea mangidesSatom
alternative, the netal atons are still sufficiently dispersed. or

di sper sabloe atsmallehasteroff i@ zantse aRhRliy bduildih a oRPotRINHRE iO&sERAAYI on. Wien
di scussing solubility in terns of nononucl ear and smal |
organo-soluble. An example is an organometallic manganese compound that is soluble in
various organic solvents. Compounds having “small clusters” of metal atoms can include
for example those with about 2 to about 50 atoms of manganese. In this alternative, the
metal atoms are still sufficiently dispersed.or dispersable to be an effective catalyst for
the combustion reaction. When discussing solubility in terms of mononuclear and small
“cluster atoms, the term solubility herein means both fully dissolved in the traditional
sense, but also partially dissolved or suspended or dispersed in a fluid or liquid medium.
_As long as the manganese atoms are adequately dispersed in terms of single atoms or up
to about 50 atom clusters, the manganese atoms are sufficient to provide a positive
cafalytic effect for the combustion reaction.
Examples of mononucleér compounds include inorganic‘and organometallic
compounds. Preferred organometallic compounds in an embodiment of the present

‘invention include in their composition organic and inorganic ligands that contain

alcohols, aldehydes, ketoncs, esters, anhydrides, sulfonates, phosphonates, chelates,



.cluster atons, the termsolubility herein neans both fully dissolved in
the traditional sense, but also partially dissolved or suspended or

di spersed in a fluid or liquid medium As |ong as the manganese atons are
adequately dispersed in terns of single atons or up to about 50 atom

cl ust er s, Rbgsates naplitbenatest onwnathers ehibbxylanicidspamides,iadety Paceadiatel \dad
catalytic effect for the conbustion reaction. Exanples of nononucl ear

conpounds mixtiresibereofir Pangamesdicordigig @ifindiretallic GATRANIBCuBS BRELE 86t _
organonetal | i c conpounds in an enbodi nent of the present invention iInclude

in their doffeabloth@ipaféd adLbeHY coRPHEAR] Su@oﬂgﬁgg?&ﬁgg%%g%g{k%gﬁbﬁco ol's

al dehydes, ketones, esters, anhydrides, sul el at es,

acet onat oo hn e E 363 B P A R R S RS s N Rl o

acetonates, and m xtures allic

conpounds #.nel ud u r I mted to manganese tricarbonyl conpounds.
Such conp%%ggeag%gpcf’g@hft?&?@@txanpl e, in US Patent Nos. 4,568, 357,

4,674,447, 5,113,803; 5,599, 357; and 5,944, 858, and_ European Patent No.
466 512 B |. SuiHi@EBleanipgancssddcarbenyd sppennds sdigboan de uad iobludan be  used
I nclude cycl opent adi enyl nmanganese tricarbonyl, nethyl cycl opentadi enyl

manganese Weiopemtadiayyl mangrnese titigaoymd, apethylagtlepeptadimpDaass@edd ticabbony | |
trimet hyl cycl opent adi enyl nanganese tricarbonyl,

t et r anet hydimythyhyelopestadiayy] ntampgadie Hecarbdngh By icyclopentadienyl manganese
peritanet hyl cycl opent adi enyl manganese tricarbonyl, e?hylcyclopeﬁta I enyl

manganese trikdrbGle¥hethdlcFLByLRYELAR %@%s@@ﬂcmﬂﬁ?nes e tricarbonyl,
propyl cycl opent adi enyl
péntamethylcyclopentadicnyl manganese tricarbonyl, ethylcyclopentadienyl manganese
tricarbonyl, diethylcyclopentadienyl manganese tricarbonyl, propylcyclopentadienyl
manganese tricarbonyl, isopropylcyclopentadienyl manganese tricarbonyl, tert-

; butylcyclopenfadienyl manganese tricarbonyl, octylcyclopentadienyl manganese
tricarbonyl, dodécylcyclopentadienyl manganese tricarbonyl,
ethylmethylcyclopentadienyl manganese tricarbonyl, indenyl manganese tricarbonyl, and
the like, including mixtures of two or more éuch compounds. One example is the
cyclopentadienyl manganese tricarbonyls which are liquid at room temperature such as
methylcyclopentadienyl manganese tricarbonyl, ethylcyclopentadienyl manganese

- tricarbonyl, liguid mixtures of cyclopentadienyl manganese tricarbonyl and
methylcyclopentadienyl manganese tricarbonyl, mixtures of methylcyclopentadienyl
manganese tricarbonyl and ethylcyclopentadienyl manganese tn'darbony], etc.

Preparation of such compounds is deséribed in the literature, for example, U.S.

_Pat. No. 2,818,417, the disclosure of which is incorporated herein in its entirety.



manganese tricarbonyl, isopropylcyclopentadi enyl manganese tri carbonyl,
tert- butyl cycl opent adi enyl manganese tricarbonyl, octyl cycl opent adi enyl
manganese tricarbonyl, dodecyl cycl opentadi enyl nmanganese tricarbonyl,
ethylnethylcyclogentadienyl manganese tricarbonyl, indenyl nmanganese
tricarbonyl, arfhernexampldsof mangingst egmpouatisneeduldferdimareahosabhaeing $aiall
conpounds. One exanple is the -cyclopentadi enyl nanganese tricarbonyls

whi ch ar e clistpus of attout » omboabp@atatnsr e such as net hyl cycl opent adi enyl :
manganese tricarbonyl, ethylcycl opentadi enyl nmanganese tricarbonyl, liquid

m xtures of cydihepeibasidysters Mo iRFhsk i DRPRANS d&;@ﬂbedfherein include any
nmet hyl cycl opent adi enyl manganese tri carbonyl, "m xtures o
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manganese tricarbonyl, etc. Preparation o
818, 417

the liter - for exanple, U S Pat, No. 2, .he discl osure of
which i o RRHGS ia el R e burmtrd HatPBisy Susicet el the e phich e

manga" nese c ounds _useful herein are those having small - clusters of
about 2 t&° tor 3 Whchfgn bekembusies & hydracashenasons fuplsuchascaabe Goak conpound
descri bed herein include any and all internal and external conbustion

devi ces, baghnnBunacsngiantewarlylaige spstemgjianesl} unibedly designedn Clovesat, idst
evaporative burners, stationary burners and the |ike which can conbust or

in which dave pémannditistteachsahdiylelieg 264106 as@ thiodghel gkl Aocd9aha Coal
burni ng furnaces, particularly large systens, are all uniquely designed.

However, RO&itualai6ah®EdiiBEsYioR Charsidr SRR thiXale. IRl thy ﬁfm&gfatlherte%% sy Quah a

grindi ng process and .
more secondary air streams that also feed air into the combustion chamber. |

The manganese compound can according to an embodiment herein be mixed with

the coal either before or simultaneously in the combustion chamber. For instance, the
manganese compound may be injected into the primary air stream for mixing with the
coal before the combustion chamber. Alternatively, the manganese compound may be
injected with a secondary air stream into and mixed with the coal in the combustion
chamber. Finally, the additive having the manganese compound may be injected
separately into the coal and directly info the combustion chamber. In any alternative,
_fhgre will be conditions that cause the effective mixture of the additive having the
manganese compound in the coal so that the manganese atoms will be present and
-available for catalytic activity. Ihe additive can be a liquid form so that it is miscible
with liquid fuels and easily dispersed in the combustion air by atomiiing nozzles and
mild heat. Altematively, the manganese-containing additive can be a part of a fluid (but

_ not necessarily liquid) solid or powered material.



eventually to the conbustion chanber in the furnace. In the furnace, there
may be one or nobre secondary air streans that also feed air into the
conbusti on chanber. The manganese conpound can accordi ng to an enbodi nent
herein be m xed with the coal either before or simnultaneously in the
.conmbusti on charfbetreatmate of tha marganesemompeanydwithdheurpisbetivernybbe 1 toj ect ed
into the primary air streamfor mxing with the coal before the conbustion

chamber. AbowrS0atppmebyywt. t Ave altEnaivedseat L1 Etondl 2y 5lbeaboub 66 pee byivith a
secondary air streaminto and m xed with the coal in the conbustion

chanber. hidbghdee. Iefirdel &hbaliMeN 18 telEralil 9BAR 20 ppRNROHNGaRE R0
I njected separately into the coal and directly intdo thé conmbustion

chanber .. apy alternative., .there will be conditions that cause the
effective mxture of the additive having the manganese conpound in the
coal so that tlee_ manganese atons will be present and available for

catal ytic et ?’ty. The additive can be a liquid formso that it is
mscible with_lLiquid fuels and easily dispersed in the conbustion air by
at oni zi ng nozz|&%€ caalg ussd ipdhis gxamplavers analyzed pyd fousd tohavgAteangasesst ai ni ng
additive can be a part of a fluid (but not necessarily liquid) solid or
pover ed nmEprteniel BbotHi)Otnpsawt.r o estaflish adasding sthssealbwagtouma mithdfurtreecoal

i s between about 1 to about 500 ppmby wt. An alternative treat rate is

f r om aboutofa lirge (0O WHARiliop power plint it QAD bW the Mmafgdnesd doateneamDebHNt , t he

treat rate is about 20 ppm by wt manganese to the coal. Exanple:

imash (CIA) of the fly ash were measured at regular intervals. The manganese content of
this ash averaged about 500 ppm wt, and the CIA was at about 6 wt%. Then, a
manganese-containing additive (Greenburn® 2001HF Combustion Catalyst) was dosed

into the combustion air at a treat rate of about 20 ppm wt. The manganese content of the
fly ash .was observed to rise from the baseline of about 500 ppm to an average of about
600 ppm wt. At the same time the CIA dropped from the baseline level of aboﬁt 6 wt%
to an average low of about 4.1 wi%. This calculates to a lowering in CIA of about 28%.

. Itis concluded that the manganese in the additive is active towatds carbon burnout, but
the form that is native to the coal is quite inert.

Figure 1 illustrates the benefit of the present invention in the reduction in carbon
in ash (“CIA”) upon the introduction to the combustion of coal of the manganese-
containing additive. Figure 2 illustrates the increased manganese dioxide in the flyash
-after the introduction to the coal c(;mbustion of the manganese-containing additiye.

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

name anywhere in the specification or claims herein, whether referred to in the singular



The coals used in this exanple were anal yzed and found to have a nmanganese
content of about 700 ppmwt. To establish a baseline, this coal was burned
in the furnace of a large (600 MN utility power plant unit and both the
manganese content and carbon in ash (CIA) of the fly ash were neasured at
regul ar i rirgiyeal, gre idensified g hreysist pricetotconing it contishwith anethecsubdliande 500
ppmwt, and the CI A was at about 6 w/c,. Then, a manganese-contai ni ng

addi tive (iefeeredhobychomifiGibhte dPelimidal §fc (@28 bass flel WBFeHOSRY. I Mbflerk NE
conbustion air at a treat rate of about 20 ppmw . The manganese content of
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average of about 600 ppmwt’. t romthe

oat cul ot edyating nifRr sSrolibhr el BERLEYE s rBhedt SRSt inatiohs andl et
manganese in.the aqﬂi tive.i ssgﬁ\cti)\(e .towards _.carbon burnout, but the form

that is ndfrHOns arathenaiyme result of prnging therspeqified reactants ppdier omppogientse benef i t

of the present invention in the reduction in carbon in ash ("ClA") upon
t he i nt r od@8ethefndsr hasorditiensswileh fosfpusuant tothis discloame afilssdhe omntaatsni ng
additive. Figure 2 illustrates the increased nanganese di oxide in the

flyash afandrconipenenis amddmttified as mgrdilentor! bedDoilhs togethepéitlich & performing a
manganese-contai ning additive. It is to be understood that the reactants

and conpondsired CiRinsital eaction Bck BEFiriatioN 8 Me BMBRERILCR o Buids i cation
or clainms herein, whether referred to in the singular 6 of pldral, are
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sol vent, & G atsh %e ?@c}otgr?irzgd that the additive components can be added or blended into or
with the base fuels individually per se and/or as components use_d 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 was first biended 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 los_t its original identity
through a chemical reaction or transformation during the course of such blending or
mixing operations or immediately thereafter is thus whollf immaterial for an accurate
understanding and appreciation of this disclosure and the claims thereof.

At numerous places throughout this specification, reference has been made to a

number of U.S. Patents, published foreign patent applications and published technical

- papers. All'such cited documents are expressly incorporated in full into this disclosure as



not what chem cal changes, transformations and/or reactions, if any, take
place in the resulting mxture or solution or reaction nediumas such
changes, transformations and/or reactions are the natural result of

bri ngi ng thgﬁyecified reactants and/ or components together under the
condi tions! ' §3f¢%hh%3¥%uant to this disclosure. Thus the reactants .and
conponents are identified as ingredients to be brought together either in
perforning.-a débisrineentineis wmateptiblacs comiderdbldvaptibRi® pati@l THRfore
organonetal lic conmpound) or in formng a desired conposition (such as an

addi ti ve ctindenboldcsiiptiddid:ict aledddaho hmnea shobkg bt oB1sH8:PS: figfpanT 26

that the additive conponents can be added or Into or base

.fuel s indih ¥%n " : d.in f ' f. d
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substance, _conponents or ingredient as it existed at the tine just before
it was fir@?nﬁﬁ éﬂnﬁqmﬁﬁgﬁﬂ with one or nore other substances,
conponents and/or _ingredients in accordance with the present disclosure.
The fact that the Ratasigeadocenotintendtvadedicateranyrlivchdtd abodishehR\e theasibblic S
original identity through a chem cal reaction or transfornmation during.the

course of aulih the exteitragy disclosédunodifioMiing o AratnsinyB: Rtehyy Enalpahter is
thus wholly inmmaterial for an accurate understanding and appreciation of

thi s di sclhsgedpeastdhd é18ing Bic i PAHES aughout this
specificationfq}eférence asyggg%ﬁﬁg%%dﬁg&% nu&@gﬁnghﬁﬁfégkggFgﬁnge

publ i shed $pﬁﬁhgﬁmggtent applications and published technical papers. A
such cited docunents are expressly incorporated in full into this

di scl osure as



7 if fully set forth herein. This invention is susceptible to considerable
variation in its practice. Therefore the foregoing description is not
intended to limt, and should not be construed as limting, the invention
to the particul ar exenplifications presented herei nabove. Rather, what is

i ntended t@AdBMEovered is as set forth in the ensuing claims and the

equi valents thereof permtted as a matter of |aw . Patentee does not intend

to dedicate anyl.di method ef reeiubiag iivemhcunt of é41BorPinlilyi &h resufthet forh AR ext ent any
di scl osed nodifications or alterations may not literally Mwithin the

-scope of . tdambubidn Gt cobl) @k MEBod EAEpEgaLd to be part of the invention under.
the doctrine of equivalents. 8 CLAI | - A nethod of reducing. the anount

of carbon in fl%ﬁhnégﬁlaggggaéaiwg {htgpco g%% %%ﬁ%a%esqu&gainfnrg‘e met hod

conpri sing combi ni ng an additive rises

manganese- L hENg. €O und, form ng a m xture thereof; and conbusting
said m xt ucgg%ﬁh&;fdg%ﬁ%%fqﬁ%ﬂregh%{ﬁ%{:@gt he manganese-cont ai ni ng conpound
bei ng present inﬁﬁ{'} anount effective to _reduce the arnount of carbon in

fly asb resul t i O0UFHE SHbmbgsas aicambastionibambert in the conbustion
chanber.
: the manganese-containing compound being present in an amount effective to

reduce the amount of carbon in fly ash resulting from the combusting of the coal in the

combustion chamber.

2. The method as described in claim 1, wherein the manganese compound is an

organometallic compound.

3. The method as described in claim 2, wherein the organo portion of the
organometallic compound is derived from a material selected from the group consisting
of alcohols, a]dehydes, ketones, esters, anhydrides, sulfonates, phosphonates,
naphthenates, chelates, phenates, crown ethers, carboxylic acids, amides, acetyl

acetonates and mixtures thereof.

4. The method described in claim 2 or 3, wherein the organometaliic compound

comprises methylcyclopentadienyl manganese tricarbonyl.



2. The nethod as described in claim1l1, wherein the nmanganese conpound i s an
organonetal li c conpound. 3. The nethod as described in claim2, wherein the
organo portion of the organonetallic conpound is derived froma materi al
selected fromthe group consisting -of alcohols, aldehydes, ketones,

esters, anhydr 5d€ss methofl destribed irptiamp hon2f whsreinabhiaegmesscongiehadies,
phenates, crown ethers, carboxylic acids, am des, acetyl acetonates.and

m xt ures bdedeProth thd oM Bdugesseib diéhy‘ilxﬁi.l%%gseq{fic b%ryief em the
cyclope

organonetal I'ic conpound conpri ses rretﬁyl nt adi eny nganese
tri b B ' | al,m 1 ¢ -Wh in the .
manganese o iop e R At EE bR Bl SRl P B aci eny!

manganese,tri.car bonyl t hyl cy.cl Qpent adi enyl rmanganese tri carbonyl,
di met hyl ¢ &8 Ei‘&%@%“’gﬁﬁﬂ g'@’q RIEEHSH thonﬁ’gi net hyl cycl opent adi eny!
I

~manganese tricarbonyl, tetranethyl cycl opentadi enyl nmanganese tricarbonyl,
pent anet hiAtane opantadignyl menasaesedecarbod nsatppicthybavslopentediondnt adi eny!
manganese triearbonyl, diethylcyclopentadi enyl nanganese tricarbonyl,

pr opy! cycimapganeseliremasionya ntpatvyskopetindienyl memgknest sipriomyl, cycl opent adi enyl
manganese tricarbonyl, tert-butyl cycl opentadi enyl nmanganese tricarbonyl,

octyl cycl quu@cﬂ@miadmyammeée&ﬁeﬁb&@nyﬁmgyldﬁﬁ@kﬁiaahéﬁmﬂ%aﬂ@kjee ny!
|

nmanganese tricarbonyl, ethyl methyl cycl opentadi enyl” manganese tricarbonyl,
i ndenyl  na@aRRSE i§cfph5iﬁ"l<9@f5f)kma§ﬁgyltrﬁﬁaéahgs% ’trif:zﬂﬁérﬂlﬂ'té}ﬂbmyﬁywoﬁéntadienyl
' manganese tricarbonyl, octylcyclopentadienyl manganese tricarbony},
dodecylcyclopentadienyl manganese tricarbonyl, ethylmethylcyclopentadienyl

* manganese tricarbonyl, indenyl manganese tricarbonyl, and the like, including mixtures

of two or more such compounds.

6. The method of claim 1 or 2, wherein the manganese-containing compound is

selected from the group consisting of manganese oxides, manganese sulfates, and

manganese phosphates.

7. The method as described in claim 1 or 2, wherein the manganese compound

comprises about 20 ppm of the coal.

8. The method as described in claim 1 or 2, wherein the manganese compound

comprises about 5 to 100 ppm of the coal.

10



of two or nore such conmpounds. 6. The nmethod of claim1l or 2, wherein the
manganese- cont ai ni ng conpound is selected fromthe group consisting of
manganese oxi des, manganese sul fates, and manganese phosphates. 7. The
met hod as described in claim1_or 2, wherein the nanganese conpound
conpri ses aboutd- Tbe pisHiasrasidrecribsd in clgim Tios 2nwherein the nuegmesdaddnpoung! ai m |
or 2, wherein the manganese conpound conprises about 5 to 100 ppm of the

coal . 10 Qomplisesmbbliortcas00dpecsf hedosln claim 1 or 2, wherein the manganese
conpound conprises about 1 to 500 ppm of the coal. 10. The nethod as
described in claim1l, wherein the additive is introduced into an air stream.
that carries the coal into the conbustion chanber. 11. The met hod as

descri bed in cli 2 erei n.the. mnganese, conpound. . conprj ses a
nononucl ear cor}%btr?rll% .n?%(?d %Vwr?é‘frﬁb&g ’BFE’PEHEU%%WQI“HB? e ‘éh’b‘Eﬂﬂ“"?& %1 bon in
fly ash resulting fromthe conpustion of coal, the nethod conprising
conbust i h‘@négﬁﬁeg‘ﬂdf‘%tﬁ%a the cpal inte the combrsticashambenganese- cont ai ni ng ,
conmpound in a conbustion chanber; the nanganese-contai ni ng conpound bei ng
present in an anmount effective to reduce the amount of carbon in fly ash
resulting fromthe conbusting of the coal in the

- 11. The method as described in claim 1 or 2, wherein the manganese compound.

comprises a mononuclear compound.

12. A method of reducing both the amount of carbon in fly ash resulting from the
, co:ﬁbustion of coal, the method comprising
combusting coal and an additive that comprises a manganese-containing
compound in a combustion chamber;
the manganese-containing compound being present in an amount effective to
reduce the amount of carbon in fly ash resulting from the combusting of ﬂ]e coal in the
combustion chamber, wherein the additive is introduced directly into the combustion

* chamber separately from the coal.

13. The method as described in claim 12, wherein the additive is introduced into

a flue gas recirculation stream.

14. The method as described in claim 12, wherein the additive is introduced into

~a secondary air sirecam that is delivered into the combustion chamber.

11



conmbusti on chanber, wherein the additive is introduced directly into the
conbustion chanber separately fromthe coal. 13. The nethod as descri bed
in claiml12, wherein the additive is introduced into a flue gas
recirculation stream 14. The nethod as described in claim12, wherein the
additive is introduced into a secondary air streamthat is delivered into
the conbustion chanber. 11 15. A nethod of reducing the anmount of carbon in
fl'y ash resul til¥g 4 methodies redvoimgule arooursof carbbn it freasithntng foprthsi Ng:
-conbi ning coal and an additive that conprises a manganese conpound to form
a m xt ur e colbustidn oficobl;, ddusethgd ¢digpriding:ur e of coal and additive into a coal
burni ng conbusti on chanber, conbusting the m xture in the conbustion

chanber; and the %ﬁgﬁﬁ@%ap&mﬂtﬁggi@gmC&B?I?Ige%tgr#}lg?hg?sﬁgg}é%t eg{oective to

reduce the amount of carbon in fly ash resu ustt on of

the coal i . ign chanber. 16. A coal additive for use in
tfﬁmtn Q%&ﬁ?@g@é&

reduci ng e anou cdrbon in the fly ash resulting fromthe conbustion
of coal, the additive conprising a.nmanganese conpound wherein the
manganese conpounto “%85@& "t“ét‘gﬁBf%éP“(g?qdéVVqlgP%?ﬁ?bbﬂw mbustierat rat e
of about Iht_obSOO ppm of the coal.

: chaimber;

combusting the mixture in the combustion chamber; and

the manganese compound being present in an amount effective to reduce the

amount of carbon in fly ash resulting from the combustion of the coal in the combustion

chamber.

16. A coal additive for use in reducing the amount of carbon in the fly ash
resulting from the combustion of coal, the additive comprising a manganese compound
wherein the manganese compound is added to the coal pri or to combustion at a treat rate

of about I to 500 ppm of the coal.

17. The coal additive as described in claim 16, wherein the manganese compound

 is added to the coal prior to combustion at a treat rate of about 5 to 100 ppm of the coal.
18. The coal additive as described in claim 16 or 17, wherein the manganese

compound is added to the coal prior to combustion at a treat rate of about 20 ppm of

the coal.
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17. lhe coal additive as described in claim16, wherein the manganese
conpound is added to the coal prior to conbustion at a treat rate of about
5 to 100 ppmof the coal. 18- The coal additive as described in claim16 or
17, wherein the nmanganese conpound is added to the coal prior to
conbustion at a treat rate of about 20 ppmof the coal. 12 19. A nethod of
reduci ng the aniui mefhodaf batucing the ymaeit of earbon inilly dshaesultiep fromrtheist i on of
coal ,-the nmethod conprising conbusting coal in the presence of at |east |

ppm of A NRRGABRS RN, HethdHodEshrisify coMRIsERY cdd) n MEPHRbn@fofefidagm in fly
ash ‘resulting fromthe conbustion of sald coal is reduced relative to the

-anmounts Of Bﬂpﬂlah%neéel é/on@zﬁllﬁn% qautivd, glt‘c{bl(}\r}]éé %gﬁﬂ@ﬂ%hﬁ’ th ﬂ;r agpal in the

absence of e mang se-contafni ng
resultmg from the combustion of said coal is reduced relative to the amounts of carbon in

Iy ash resulting from the combustion of coal in the absence of the manganese-containing

additive.
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