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when one is inproved, the other : This problemis ﬁartlcularly
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10~ One of the most direct ways to improve combustion efficiency is to increase the volume of

combustion air in order to ensure a complete oxidation of carbon-carbon, carbon-hydrogen, and
carbon-heteroatom bonds to give combustion preducts of carbon dioxide and water. Higher carbon
dioxide content in the combustion products means increased combustion efficiency and also lower
carbon content in the ash. Unfortunately, an increase in the volume of combustion air can promote

15 NOx formation. In other words, with increased combustion air, there is an inverse relationship
between combustion efficiency (reduced carbon in ash) and NOx production, such that when one is
ilﬁproved, the other deteriorates. This problem is particularly manifest in combustion systems
employing a recirculation of exhaust gases, such as those commonly referred to as Flue Gas
Recirculation (FGR) systems. By lowering the flame temperature, FGR lowers NO; at the expense

20 of increased carbon in ash. Conventional combustion science ascribed to this type of combustion at
ambient pressure teaches that there is a trade-off between NOx and unburned carbon, namely
measures that are designed to lower NOx will inherently increase levels of unburned carbon, and
vice versa. Metal-containing additives are known to achieve one or the other, in various

combustion systems, but not both simultaneously. Previous and conventional attempts to get



anbi ent pressure teaches that there is,a trade-off between NOx and unburned
carbon, nanely neasures that are designed to lower NOx will inherently

i ncrease | evels of unburned carbon, and vice versa. Metal-containing
additives are known to achieve one or the other, in various conbustion
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enbodi nent, the present invention relates to nethods to i nprove both the
carbon burnout (i.e., lower carbon in ash) of coal burning facilities and
the NOx production |levels by the use of at |east one nanganese-cont ai ni ng
addi ti ve conmpound. Use of S& RANOE & BODIMENERIdi tive in a coal
burning facility, such as a utility furnace, as taught herein, results in
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10 It is to be understood that both the foregoing general description and the following
detailed description are exemplary and explanatory only and are intended to provide further

explanation of the present invention, as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

15 Fig. 1 illustrates the performance of a manganese containing additive on NOx reduction.
Fig. 2 illustrates the reduction of carbon in ash and carbon monoxide by the use of a

manganese-containing additive.

DETAILED DESCRIPTION OF EMBODIMENTS

20 Conventional combustion science ascribed fo the combustion of coal at ambient pressure
teaches that there is a trade-off between NOx and unburned carbon. Namely, measures that are

designed to lower NOx will inherently increase levels of unbumed carbon, and vice versa.



20 Conventional conbustion science as%ribed to the conbustion of coal at
anbi ent pressure teaches that there i's a trade-off between NOx and
unburned carbon. Nanely, neasures that are designed to lower NOx wl|l

i nherently increase |evels of unburned carbon, and vice versa. 3 In an
enbodi mrent herein, a nmanganese-containing additive is conbined with a fuel
cont ai ni ng, Innembadimgnt hetran, 2 MAnganeemeratageg alditvaismombinadidith el cat al yzes
an i nproved carbon burnout (i.e. lowering carbon in ash) during the entire
conbust t@raiping datesalia, coab Gthble mangdnese-dringinisgaliditive vatélgrep ex mtpuowed cadrons of t he
conbustion system(i.e. in the flane front with tenperatures as high 5 as
3600 F bndowtdiven &iwegiagrabort iniash)daridigeivp extht vinsisistch provsssas bothGn Me.highund he

ot her hand, NOx reduction occurs only downstream of the flame front at
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that is above 2500 F. Bel ow about 2500 , NOx conpetes with oxygen in the

carbon exigdet F et ®fwnSRASASTeSS tiebéathiiied 8s 0GARBE®tHON byproduct particul ate
(soot or flyash). The manganese catal yzes this carbon oxidation 10

reaction, which igy megﬁh%fhae{aqaomsu&tﬁmto@aﬁ&ﬂwﬁemyﬂﬁ@ﬂﬂ@ﬁ&ﬁsp the

tenperatures fall. This carbon oxidation by catal yzed by manganese is
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'n thi Sca:r or}lnogiqdati(?l%)? ﬁBxicQt yger:]d ‘tlysmzlmog\{\a.lr?ersg g efficacious down to a temperature of about
550° F. This NOx reduction bhemistry can take place on carbon-containing particulate such as soot
or flyash, even when the combustion settings are at a high air to fuel ratio (i.e. running at excess
oxygen to stoichiometric, or fuel lean). This is because the environment at the carbon-containing
15 particulate is fuel rich, a condition necessary for NOx reduction. Thus, the manganese mixed
with the carbon-containing particulate (fuel-rich) is able to catalyze carbon burnout utilizing
either combustion oxygen or NOx as the oxidant. In this manner, carbon in ash is lowered
simultaneously with a NOx reduction. Carbon monoxide (CO) levels also drop during use of a
manganese-containing additive, showing improved combustion efficiency in converting carbon
20  to the more oxidized carbon dioxide combustion product.
Therefore in another embodiment herein is presented a method of reducing

simultaneously the amount of carbon in fly ash, the amount of NOx, and the amount of carbon

monoxide resulting from the combustion of coal, the method comprising combining coal and an



sinmul taneously with a NOx reduction. Q?rbon nonoxi de (CO) |levels also drop
during use of a nanganese-containing additive, show ng inproved conbustion
efficiency in converting carbon 20 to the nore oxidi zed carbon di oxi de
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conbustion 5 chanber. Yet another enbodi ment provides a nethod of
sinuﬁtaﬁ@@ﬁ@?y reduci ng both the ambunt of carbon nonoxi de and the anopunt
of NOx resulting fromthe conbustion of coal, the method conprising
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10 manganese-containing compound being present in an amount effective to reduce both the amount
of carbon monoxide and the amount of NOx resulting from the combusting of the coal in the
combustion chamber.,

An additional embodiment provides a method of reducing both the amount of carbon in
fly ash and the amount of NOx resulting from the combustion of coal, the method comprising

15 combusting coal in the presence of at least 1 ppm of a manganese-containing additive, whereby
the amount of carbon in fly ash and the amount of NOx resulting from the combustion of said
coal are both reduced relative to the amounts of carbon in fly ash and NOx resulting from the
combustion of coal in the absence of the manganese-containing additive.

Yet another additional embodiment provides a method for stabilizing combustion while

20  operating in the FGR mode. When the furnace is operated at an FGR rate to achieve significant
NOx reduction, combustion instability is normally experienced as a result of the cooler flame

due to the FGR. This instability leads to combustion inefficiency and increased hydrocarbon,

carbon monoxide, and particulate with high carbon content (smoke and soot). Thus is provided a



15 conbusting coal in the presence of pat least | ppmof a
manganese- cont ai ni ng addi ti ve, whereby the anmount of carbon in fly ash and
the amount of NOx resulting fromthe conmbustion of said coal are both
reduced relative to the anounts of carbon in fly ash and NOx resulting from
the conbustion of coal in the absence of the manganese-contai ni ng
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chelates, phenates,vcrown ethers, carboxylic acids, amides, acetyl acetonates, and mixtures
thereof. Manganese containing organomefailic compounds include manganese tricarbonyl
compounds. Such compounds are taught, for example, in US Patent Nos. 4,568,357; 4,674,447;
15 3,113,803; 5,599,357; 5,944,858 and European Patent No. 466 512 B1.

Suitable manganese tricarbonyl compounds which can be used include cyclopentadienyl
manganese tricarbonyl, methylcyclopentadienyl manganese tricarbonyl,
dimethylcyclopentadienyl manganese tricarbonyl, trimethylcyclopentadienyl manganese
tricarbonyl, tetramethylcyclopentadienyl manganese tricarbonyl, pentamethylcyclopentadienyl

20 manganese tricatbonyl, ethylcyclopentadienyl manganese tricarbonyl, diethyleyclopentadienyl
manganese tricarbonyl, propylcyclopentadienyl manganese tricarbonyl,

isopropylcyclopentadienyl manganese tricarbonyl, tert-butylcyclopentadienyl manganese

tricarbonyl, octylcyclopentadienyl manganese tricarbonyl, dodecylcyclopentadienyl manganese



chel ates, phenates, crown ethers, carhoxylic acids, amdes, acetyl
acetonates, and m xtures thereof. Manganese containing organonetallic
conpounds i ncl ude manganese tricarbonyl conpounds. Such conpounds are
taught, for exanple, in US Patent Nos. 4,568, 357; 4,674,447; 15 5,113, 803;
5,599,357, 5,944,858 and European Patent No. 466 512 Bl. Suitable nanganese
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compounds described herein include any and all internal and external combustion devices,
machines, engines, turbine engines, boilers, incinerators, evaporative burners, stationary burners
and the like which can combust or in which can be combusted a hydrocarbonacous fuel such as
coal. Coal bumning furnaces, particularly large systems, are all uniquely designed. However,

15 most have primary air streams that deliver coal to and through a grinding process and eventually
to the combustion chamber in the furnace. In the fumace, there may be one or more secondary
air streams that also feed air into the combustion chamber.

The manganese-containing coal additive compound can be mixed with the coal either
before or simultaneously in the combustion chamber. For instance, the manganese compound

20  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 in with the coal in the combustion chamber. Finally, the additive having the

manganese compound may be injected separately into the coal and directly into the combustion



2,818,417, the disclosure of which i S, incorporated herein in its entirety.
10 The conbustion systens that may use the manganese-contai ni ng coal

addi tive conpounds described herein include any and all internal and
external conbustion devices, nmachines, engines, turbine engines, boilers,
incinerators, evaporative hurners, stationary burners _and the |ike which
can corrtﬁtl]%?’g?fr ?’? ﬂ%\/ﬂlﬁegﬁtl%ﬁmﬁe‘”’@mg rensAhat Galss e bseiliesystorgiithe uch as
coal . Coal _burning furnaces, particularly large systens, are all uniquely
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m xing with the coal before the conbustion chanber. Alternatively, the
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EXAMPLE: " 2
A test was carried out in a 300 megawatt (MW) coal-burning utility furnace. The testing,

which lasted 46 days, was roughly split into periods. The first period was a baseline conducted
without the use of the manganese-containing additive, the second was conducted with the

15 manganese-containing additive added, and the last period was the baseline repeat. The manganese-
containing additive was injected into a flue gas recirculatiﬁn stream. As a result of the introduction
of {;he manganese-containing additive, NOx levels were observed to drop from an average of 189
ppm to 155 ppm, a lowering of 18%. At the same time, as a result of the introduction of the
manganese-containing additive, the amount of carbon in ash fell from an average of about 20.4%

20 to 9.4%, a decrease of about 54%. To simultaneously lower NOx and carbon in aéh with one
method or a single additive is unexpected in this type of combustion.

Figures 1 and 2 demonstrate the results of the use of a manganese-containing additive in

the simultaneous lowering of carbon in ash and NOx in the combustion products from the



The treat rate of the manganese conpoyhd with the coal is between 1 to
about 500 ppm An alternative treat rate is fromabout 5 to 100 ppm
manganese. In a further enbodinment, the treat rate is 20 ppm nmanganese to
the coal. The follow ng exanple further illustrates certain aspects of the
present jnvention but does 10 not |limt the present invention. EXAVPLE: A
test wadoieseing egmplet Figwra? doonseajenthe wesyivpf the vsd of bumangangsestontairing f ur nace.
The testing, which |lasted 46 days, was roughly split into periods. The
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manganese- cont ai ni ng additive, the second was conducted with the 15 _
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repeat. The manganese- containing additive was injected into a flue gas
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the 10 It is to be understood that the reactants and components referred to by chemical name

anywhere in the specification or claims hereof, whether referred to in the singular or plural, are
identified as they exist prior to coming into contact with another substance referred to by
chemical name or chemical type (e.g., base fuel, solvent, etc.). It matters not what chemical
changes, transformations and/or reactions, if any, take place in the resulting mixture or solution
15 or reaction medium as such changes, transformations and/or reactions are the natural result of
bringing the specified reactants and/or components together under the conditions called for
pursuant to this disclosure. Thus the reactants and components are identified as ingredients to be
brought together either in performing 2 desired chemical reaction (such as formation of the
organometallic compound) or in forming a desired composition (such as an additive concentrate
20 or additized fuel blend). It will also be recognized that the additive components can be added or
blended into or with the base fuels individually per se and/or as components used in forming
preformed additive combinations and/or sub-combinations. Accordingly, even though the claims

hereinafter may refer to substances, components and/or ingredients in the present tense



conbustion products fromthe foregoing)exanple. The data were coll ected
froma coal-fired unit burning the sane coal for the entire period, and
are based on the daily average data at 200 MW5 plus or mnus 10 MW "GB"
represents the introduction of a nmanganese-contai ning coal additive
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specifi%gﬂﬁgﬁg%%g%%nggégé?ggﬁﬁgﬁents t oget her under the conditions called

for pursuan Thus the reactants and conponents are
identified as,ingredients _to be rou t oget her either i erformng a
oo ted chenfBIRESTTSR 1 ORBRU 85 PRFEiHee O rr o0 o e A S es
conpound in fornl. desired conpaosition (such as.an additive
concent ngg Satepfs, Fﬁ’gh%ﬁp ?‘galgf‘ patentgprlirgjions and ppplished tephnical papetsg dilbwigh  hat
the additive conponents can be added or . blended into or with the base
fuel® j fidgd ﬁ%ﬂ@rﬂw ansexpresiinenaerated in Bhiniadrs distentie it fubly wetrfgrih bereinor med
addi tive conbi nati ons and/ or_sub-conbi nati ons. Accordingly, even though the
clai ms  her el B&YERIGR Syseeriiblate considerablrowsiatiooimpls peastice. Aherefore hagr edi ent s
in the present tense

foregoing description is not intended to limit, and should not be construed as limiting, the

invention to the particular exemplifications presented hereinabove. Rather, what is intended to
be covered is as set forth in the ensuing claims and the equivalents thereof permitted as a matter
15 oflaw.
Patentee does not intend to dedicate any disclosed embodiments to the public, and to the
extent any- disclosed modifications or alterations may not literally fall within the scope of the

claims, they are considered to be part of the invention under the doctrine of equivalents.
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9 ("conprises", "is", etc.), the refeqﬁgce is to the substance, conponents
or ingredient as it existed at the ti just before it was first bl ended
or mxed with one or nore ot her substances, conponents and/or ingredients
in accordance with the present disclosure. The fact that the substance,
conmponents or ingredient may have lost its original identity through a

chem cal 5 reaction or transformation during the course of such bl ending or
m Xi ng operations or imedi ately thereafter is thus wholly imuaterial for
an accurVdHATURdBAdVEIHiISng and appreciation of this disclosure and the
clainms thereof. At nunerous places throughout this specification, reference

has been made. Aan@hsiuthetucin@boll. (9 arftin® BE Sarbdauk iy S ieshdl R Shai PAYER
applications and published technical papers. Al such 10 cited docunents

are expresBing fioRCBE Bkesh 6ﬂ%oﬁlyihbrﬂeﬂ{o%_cbll?ipﬁsiﬂ'gsc' osure as if fully set

forth herein. This invention is susceptible to considerable variation in

its practiceconlbigingted end Qﬁddﬁ%%‘t‘)E@Hﬁ%&%ﬂé&?ﬁ&ﬁm&?@%ﬁ@ﬁ dto

limt, and should not be construed a I'mting; I'nv o the"
particum@ﬁﬁﬁgggg&&ghgﬁﬁhggé presented herei nabove. Rather, what is

intended to be covered’is as set forth in the ensuing clains and the

equi valents ﬁﬁﬁgaﬁﬁrrﬁﬁxhﬂ%aa%n%%%d&%ﬁ?w of |law. Patentee does not
enbodi

intend to dedi cate Tany di scl ose L to the public, and to the
extent any dj d modifi.cations .alterations nma t literally fal
Wthin che sBRERBH MG P oingheilh boieBhin teriutt bevosa Fidoet Yath

i nventign under the doctrine of equival S. 10
AL NS ofI carbon i iiy as ant? the amount of?\]n(%x resu%t?ng 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, aldehydes,
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, wherein the organometallic compound COMmprises

methylcyclopentadienyl manganese tricarbonyl.



"WHAT IS CLAIMED | S 1. A nethod of regducing both the anpunt of carbon in
fly ash and the anbunt of NOx resulting fromthe conbustion of coal, the
met hod conprising conbining coal and an additive that conprises a
manganese- cont ai ni ng conpound formng a mxture thereof; and conbusting
said m xture in a conbustion chanber; the manganese-contai ni ng conpound
bei ng pr esent. The arthaddestibef ihekih 2ewhaein @kl gtk corifendiByRite®fromar bon
in fly ash and the anbunt of NOx resulting fromthe conbusting of the coal
in the choliswingraharb@spentidiehilendmBifodiidabeesGhéithadyddpeshdibayil, wherein
t he manganese conmpound is an organonetal |ic conpound. 3. The nethod as

descri beghniihesd @ichbenyl IRERYR él&}_%nﬁﬁﬂﬁ:fl%a@@éﬂeis@tﬁc%oﬁﬁe organonetal l'ic
conmpound is derived froma na{erlal sel ected fromthée group consisting of

al cohol sy; ; : | :
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phosphonat es; hapht hena chel at es, "phenat es,

Goscr ] bag el B R e B R e B oyepenlifalP 0"
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butylcyclopentadienyl manganese tricarbonyl, octylcyclopentadienyl manganese tricarbonyl,

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, 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, wherein the manganese compound comprises

about 20 ppm of the coal.

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

about 5 to 100 ppm of the coal.

9. The method as described in claim 1, wherein the manganese compound comprises

about 1 to 500 ppm of the coal.



trinethyl cycl opentadi enyl manganese tgicarbonyl,

t et ranet hyl cycl opent adi enyl manganese tri carbonyl,

pent anet hyl cycl opent adi enyl nanganese tricarbonyl, ethylcycl opentadi enyl
manganese tricarbonyl, diethylcycl opentadi enyl nmanganese tri carbonyl,

propyl cycl opent adi enyl manganese tricarbonyl, isopropyl cycl opentadi enyl
manganese tricarbonyl, tert- butyl cycl opentadi enyl nanganese tri carbonyl,
octyl cycl opent adi enyl manganese tricarbonyl, dodecyl cycl opent adi enyl

manganese t r il@aFiomsthod asetebyribe trhgtdinyic wbpeit the hadigte isnganes éro bk sigar bonyl ,
i ndenyl manganese tricarbonyl, and the like, including mxtures of two or
mor e sucheant thapmunird she @al ittoeheratnitadtiaf chalseim 1, wherein the
manganese- cont ai ni ng conpound is selected fromthe group consisting of
manganese oxi des, nmanganese sul fates, and nanganese phosphates. 7. The

met hod as described in claim1, wherein the nanganese conpound conpri ses

about 20 ppnnpfAtrﬁwldaQﬁkedu&ngE&ﬂﬂE@%mqtaﬁcaﬁ%ﬁ%h%éi‘laifnﬂtt aﬂdﬁhﬂﬂf%mrei &

t he manganese conpound conprises about 5 to 100 ppmo e coa . The

met od auliAs Eoi8lodibuilict 80 cbal, WRGHBIAA biigrifiRROANese compound conpri ses
about 1 to 500 ppmof the coal. 12 10. The nethod as described in claim1,

ther 10 e Bl ol 9L OGHE O L 130, LA o AES, 1

into the conmbustion cha 0 uci ng unt of

car bon ggmﬁg%ﬁgggngﬂgn%p%m@nnunt of NOx resulting fromthe conbustion of

coal, the conprising

combusting said mixture in a combustion chamber;
the manganese-containing compound being present in an amount effective to reduce both
the amount of carbon in fly ash and the amount of NOx resulting from the combusting of the

coal in the combustion chamber, wherein the additive is introduced directly into the combustion

chamber separately from the coal.

12. The method as described in claim 11, wherein the additive is introduced into a flue

gas recirculation stream.

13. The method as described in claim 11, wherein the additive is introduced into a

secondary air stream that is delivered into the combustion chamber.

14. A method of reducing both the amount of carbon in fly ash and the amount of NOx

resulting from the combustion of coal, the method comprising;



combi ning coal and an additive that cogprises a manganese-containing
conpound formng a mxture thereof; and conmbusting said mxture in a
conmbusti on chanber; the manganese-contai ni ng conpound bei ng present in an
amount effective to reduce both the amount of carbon in fly ash and the
anount of NOx resulting fromthe conbusting of the coal in the conbustion
chanber, wher eicambiningmbdi anidwe aildtiverthatadmpeasks dintapgideye dondpoutdie fommbust i on
chanber separately fromthe coal. 12. The method as described in claim 11,
wher ei nniikiaresttieledft ve is i ntroduced into a flue gas recircul ation stream
13. The nmethod as described in claim211l, wherein the additive is introduced
into a secondariytraiuting tHegmiftukd\éttcohiSand QAN G a8 d da)hl%uhﬂﬂ% sahtidBsl QRmBRAMDer .
14. A method of reducing both the anbunt of carbon in fly ash and the

amount of NOX  ch@biMtink ek hix@ie ihBe RN @Amedr; 4@l . the net hod
conmprising: 13 conbining coal and an additive that conprises a manganese

conpound to fortﬁeﬁangmgwesﬁpadﬁafb@ag?rés&&ﬁrp%#@iéd}gt éfé&g%e StLuge Bfmepal and

additive into a coal burning conbusStion ch usting the mxture in

the co ”%?Eﬁt%@ G&Bm%fgdaj@ ggcl)ﬁ'l@ %nﬁﬁlg%?ﬁ%%‘?es%ﬁiﬁg?@gﬂgé’ %lﬁ%sﬁ%ﬁ §ﬁﬂ% c&%’i‘ Hla n

anmount effective to r oth t amount o oninitly as nd the
anount ﬁkc%ﬁﬁm&ﬁﬁ%£&hﬁ§ fromthe conbustion of the coal in the conbustion
chanber . )

15. A coal additive for use in reducing both the amount of carbon in the fly ash and the
amount of NOx resulting from the combustion of coal, the additive comprising a manganese
compound wherein the manganese compound is added to the coal prior to combustion at a treat

rate of about 1 to 500 ppm of the coal.

16. The coal additive as described in claim 14, 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.

17. The coal additive as described in claim 14, wherein the manganese compound is

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

18. A method of reducing simultaneocusly the amount of carbon in fly ash, the amount of
NOx, and the amount of carbon monoxide resulting from the combustion of coal, the method
comprising combining coal and an additive that comprises a manganese-containing compound

forming a mixture thereof; and combusting said mixture in a combustion chamber; the



15. A coal additive for use in reduciqg both the anmount of carbon in the
fly ash and the anmpbunt of NOx resulting fromthe conbustion of coal, the
additive conprising a manganese conpound wherei n the nanganese conpound is
added to the coal prior to conbustion at a treat rate of about 1 to 500
ppm of the coal. 16. The coal additive as described in claim14, wherein

t he nmanJAREEESSERFHIRECIPoundibrige prasenhia ap ajoupfretisetivedo tednesuibe opupf a t r eat
rate of about 5 to 100 ppmof the coal. 17. The coal additive as described
in cl ai faraen indlyerskithe apantafijancnd thaomwohef dadonduedritorestiting Hath thy i or t o
conbustion at a treat rate of about 20 ppm of the coal. 18. A nethod of

r educi neomsbusting efitbocnst in thtreonabmstiont chafberar bon in fly ash, the amount of

NOx, and the amount of carbon nonoxide resulting fromthe conbustion of
coal, the nmethod conprising conbining coal and an additive that conprises
a manganese-contai ning conpound formng a m xture thereof; and conbusting

sai d mi xt ur eld. M arethortof sddireing béth Refiouhhe cdAonRiveaxies axadimbm: BNOgTPound
bei ng ptesent in an anount effective to reduce the anount of carbon in fly

ash, t heeselibgfttmahe Sdbus@dithilchd, dEBeHod @bmpAiRHN nonoxi de resul ting from
the conbusting of the coal in the conbustion chanber. 19. A nethod of

reduci ng bot énitign2 60 Bid A adeRFvE &t E@%EQ@m&E@p&s@fcoﬁtﬁﬁﬂ{gcoﬁﬁ)om resul ting

fromthe conbustion of coal, the nmethod conprising conbifing coal and an
addi ti Ve aﬂagﬁgggﬁﬁgﬁg%@anganese-containing conpound formng a mxture

t hereof ; aid conbusting sakd - m xture in a conbustion chanber;
combusting said mixture in a combustion chamber;
- the manganese-containing compound being present in an amount effective to reduce both

L,
the amount of carbon monoxide and the amount of NOx resulting from the combusting of the

coal in the combustion chamber.

20. A method of reducing both the amount of carbon in fly ash and the amount of NOx
resulting from the combustion of coal, the method comprising combusting coal in the presence of
at least 1 ppmofa mangénese—contaiﬁing additive, whereby the amount of carbon in fly ash and

' the‘ amount of NOx resulting from the combustion of said coal are both reduced relative to the
amounts of carbon in fly ash and NOx resulting from ﬁle combustion of coal in the absence of

the anganese-containing additive.

21. A method for stabilizing coal combustion by combusting coal in the presence of at
least 1 ppm of a manganese-containing additive, whereby the amount of carbon in fly ash and the

amount of NOx resulting from the combustion of said coal are both reduced relative to the



the manganese-contai ni ng conpound being present in an amount effective to
reduce both the anmount of carbon nonoxide and the amount of NOx resulting
fromthe conbusting of the coal in the conbustion chanber. 20. A nethod of
reduci ng both the anmount of carbon in fly ash and the anmount of NOx
resulting fromthe conbustion of coal, the nmethod conprising conbusting
coal i n ananisrod serherindly ashnd N@sresultingfronothe aombustan eS@aliab@ibaéntg of
additive, whereby the anount of carbon in fly ash and the anount of NOx
resul ti rthe fnenganedeecoativingsaddnive ofnd sebiettbg oahbwtion habilitylie B eebdrehald t4ehd O t he
anmounts of carbon in fly ash and NOx resulting fromthe conbustion of coal
in the absbosneiabilitef HRoEANEHE AR HidtBarpatist-thRainids addii@t hod for
stabilizing coal conbustion by combusting coal in the presence of at |east
1 ppm of a manganese-contai ni ng additive, whereby the anount of carbon in
fly ash and the amount of NOx resulting fromthe conbustion of said coal
are both reduced relative to the 15 anobunts of carbon in fly ash and NOx
resulting fromthe conbustion of coal in the absence of the
manganese- cont ai ni ng addi tive, and whereby conbustion stability is inproved
relative to the conbustion stability of the coal in the absence of the
manganese- cont ai ni ng addi tive.



