METHOD AND COMPQSI TI ON FOR SUPPRESSI NG COAL DUST FI ELD OF THE | NVENTI ON The
present invention relates to a nethod and conposition for 5 suppressing
coal dust. The nmethod and conposition al so sinultaneously include an
additive for inproving the conbustion of the coal. Specifically, the

met hod and conposition relate to the application of a nanganese-containing
conpound with the dust suppressant to the coal during handling and prior
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industry - at the mne, at transfer points, and at utilities or at other
points of utilization. The 15 problem nmay be conpounded as a result of the
close proximty of transfer pafliglsDad THIEIINMENTY@Npopul at ed or
environmental |y sensitive areas. Conventional dust suppression systens
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col l ection equi pnent includes 20 devices which capture entrained dust,

Cuppr Bssi o SRtk ST e SRS ahie A BbsitIP TR Hrf AR GRL, |

i nexpensi.ve, and | ar
P 1nc1uci1e an 9

gd&itive for improving the combustion of the coal.
Specifically, the method and composition relate to the application of a
manganese-containing compound with the dust suppressant to the coal
during handling and prior to the combustion of the coal.

10

BACKGROUND

The problems of coal dust are well known. This problem is
encountered throughout the coal handling industry — at the mine, at
transfer points, and at utilities or at other points of utilization. The

15 problem may be compounded as a result of the close proximity of
transfer points and utilities to populated or environmentally sensitive
areas.

Conventional dust suppression systems include both mechanical
and chemical methods. For instance, dust collection equipment includes

20 devices which capture entrained dust, induce the dust to settle, or
contain the dust. The most common dust suppression method, however,

is the wetting of coal with water. Water is inexpensive and large



quantities can be added to elimnate dust. But the addition of wat er

decreases the specific heating value of the coal. In addition to water
al one, other aqueous additives are known and used. These include solutions
cont ai ning surfactants. Aqueous foans 5 are known. Still further, aqueous

conpositions conprising asphalt enulsions or other organic coating
materials may be used. It is also known to apply oils and resins to reduce

or elimnate ust [ ncl udes,t he resi dual , waste
or fuel dffant g@fﬁ@ﬁl 8¢ ﬂﬁggé ﬂgtell & ‘é’ﬂﬁ‘i u{:d:fh[e 538&? Q}J Pédtice dust
10 include both s thetlc and natural pol ymers. For instance, plant-

mat eri al -m@wc?ﬁé@equqﬁ@shwmmgaahge otgae capll sugar-rel ated products are

known. O her polyners that collect or stick to the dust particles have

al so been usedn aliditicat esl watet donssotheaf adeehias additeds dus kndvn ishdal so
desirable to 15 inprove the conpl ete conbustion of coal. Carbon in fly ash
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to reduce the carbon In ash in order to reduce t e overaﬁTl am)unt fly
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20 el ectrostatic precipitators that are often used to control particul ate
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It is also known to apply oils and resins to reduce or eliminate
dust. Oil spraying includes the use of crude, residual, waste or fuel oils.
Other liquids that may be applied to the coal to reduce dust
10 include both synthetic and natural polymers. For instance, plant-
material-containing liquids including sugar and sugar-related products
are known. Other polymers that collect or stick to the dust particles
have also been used.
Unrelated to the issue of reducing coal dust, it is also desirable to
15 improve the complete combustion of coal. Carbon in fly ash results from
the incomplete combustion of coal. Therefore, it is desirable to reduce
the carbon in ash in order to reduce the overall amount of fly ash
emission from a coal combustion chamber. Also, low carbon fly ash is
easier to dispose of and more easily captured than high carbon fly ash by
20 electrostatic precipitators that are often used to control particulate

emissions.

Description of Embodiments of the Invention




2 The present invention is directed to enhancing a liquid for coal dust
suppression by adding a netal -containing conpound to that |iquid. The

nmet al -contai ning additive is a conbustion-inprover. The addition of the
conbustion i nprover concurrently with the dust suppressant allows 5 the
coal handler to solve the issues of dust suppression and conbustion

I nprovenent with a single process step of adding the single mxture of and

applying it in.,one appljcation to.the coal. A broad.range, of. |iquids, that
oy e added (i garoRet diberten s et rior rBhEDRIng & digHid: PR oPRl dot ai |
inthe literature. These liquids 10 include water, oil, surfactants,

pol yner dlugtesuppressigiobynedding atmnetal;cantaseingeempoamt] teshat liqand.

m xtures of one or nore of the foregoing. See particularly Menbry, W B.,

" Fundaneritted suethl-Doataifiing mekition is BucomdpuSoin-bapdbiag" Thausddiglcranf Coal
| ndustry Research Laboratories Limted (1981), P.R 82-2, ISBN O 86772 072
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|l iquids including those conventional [iqu t may
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di fferent, stages of the coal handling process. They may be applied
nul ti pl e iIMpREOYeIIENtWithhg tinglpiseesss ster ofisdding thrsipgleumistuneond t he
conbi nati on of a netal -containing (including but not limted to nmanganese)
conpound and applying it in one application to the coal.
A broad range of liquids that may be added to coal to suppress
dust from the coal is explained in detail in the literature. These liquids
10  include water, oil, surfactants, polymer dispersions, polymer solutions,
flocculants, and resins, and mixtures of one or more of the foregoing.
See particularly Membry, W. B., “Fundamentals of Dust Suppression
During Coal Handling”, Australian Coal Industry Research Laboratories
Limited (1981), P.R. 82-2, ISBN 0 86772 072 7. A manganese-containing
15 compound may be added to any dust suppressant liquids including
those conventional liquids noted above. The result may be a solution,
emulsion, mixture, or any other combination of the foregoing.
As indicated earlier, dust suppressants may be applied at different
stages of the coal handling process. They may be applied multiple times
20  during the process. The mixture that results from the combination of a
metal-containing (including but not limited to manganese} compound

with the liquid dust suppressant may be applied at any stage of the

handling of the coal. The mixture including the metal-containing



with the liquid dust suppressant may be applied at any stage of the
handl i ng of the coal. The m xture including the netal -containing 3 conpound
may be added at the end-user stage of the coal handling - i.e., at a
utility conmbustion plant or other furnace. Alternatively, the mning
operation may conbi ne the netal -containing conpound with the liquid dust
suppressant in its operations in order to inprove the properties of 5 the

coal for sale. The netal s .can incl ude,manganese, ..ton riu capper,
mol y bden B URER gro AfCRH N he SR agsialhefoal i ine rdi%; and
other netals known to catal yst carbon oxidation in conbustion systens. In
order to &nhatdletn eemaiisiion] plarier othemfgeree Adternesivalysther Biine t he
conmbustion reaction, the nanganese conpound that is mxed with the coal

must makeopidrativan gene sendviaiel i enetal-xomantingl eafipoursiveith ttleuktaid
fashion. In this way, nore nmanganese is dispersed on the coal (carbon)
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of manganese that is 15 naturally occurring in coal does ave an
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forms such as wth_sulfur or phosphorous. Therefore, there is not a
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avai |l able to surround
metals, and other metals known to catalyst carbon oxidation in

combustion systems.
In order to enhance the effectiveness of manganese as a catalyst to
10 the combustion reaction, the manganese compound that is mixed with
the coal must make the manganese available in a mononuclear or small
cluster fashion. In this way, more manganese is dispersed on the coal
(carbon) particles during combustion.
It is hypothesized that the significant level of manganese that is
15 naturally occurring in coal does not have an appreciable affect in
improving combustion and lowering the amount of carbon in fly ash,
because the manganese is bound together in crystalline forms such as
with sulfur or phosphorous. Therefore, there is not a significant amount
of mononuclear or small cluster manganese atoms available to surround
20 and catalyze the combustion of coél (carbon) particles. The effect on
combustion of naturally occurring manganese, therefore, appears to be

negligible.



20 and catal yze the conbustion of coal (carbon) particles. The effect on
conbustion of naturally occurring nmanganese, therefore, appears to be
negligible. 4 Clusters of from3 to 50 atom si ze and above are dynami cally
created in the flame being fed with fuel containing the netal additive as a
nmonoatom c: to 3 netal atom size conpounds. These clusters are generally
too reactive to be isolat ed at anbi ent conditions. 5 Measurenent of netal
cluster size distributio he flame versus t ended net catal ysis has
been carri ed 03&1‘3136?%.% PP% @0 SOraheah gere %‘P ¥s Rk, 33(}15-"“@?@1% ah,

H , Lazzarini, T., and Wanigarathne, P. Final Report: Non-Toxic Metallic
Fire Sup-qreateshin she fivane beang fed with fecbtosmaning the anctal eckiovogy 4 NI ST)
Technol ogy 10 Administration, U S. Departnent of Commerce, May 2002.
http://fimenobsdm@od 3 | iebslZfdtoa{Péize PREMPo{dd.. pdfheses etisiens 3ake
titled "Laser Scattering Experinents of Particles in Fe(CO)S I nhi bi ted
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conmpound S one ere manganese atomi1s ound in a conpound

whi ch_is esse |aII bIe nple anongt al.l i ¢ manganese
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"smal |l clusters” of nmetal atons include those with 2 to about 50 atons of

manganesdntgpdedh gnetal catalysis has been carried out by 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
10 Administration, U.S. Department of Commerce, May 2002.

http:/ /fire.nist.gov/bfrlpubs/fire02 /PDF /0201 1.pdf., section 3.5, titled

"Laser Scattering Experiments of Particles in Fe{CO)5-Inhibited Flames"
beginning on page 53 of the report.

The term “mononuclear” compound includes one where a

15 manganese atom is bound in a compound which is essentially soluble.

An example is an organometallic manganese compound that is soluble in

various organic solvents. Compounds have “small clusters” of metal

atoms include those with 2 to about 50 atoms of manganese. In this

alternative, the metal atoms are still sufficiently dispersed or dispersable

20 to be an effective catalyst for the combustion reaction. When discussing

solubility in terms of mononuclear and small cluster atoms, the term

solubility means both fully dissolved in the traditional sense, but also

partially dissolved or suspended in a liquid medium. As long as the



alternative, the netal atons are still sufficiently dispersed or

di spersable 20 to be an effective catalyst for the conbustion reaction.
When di scussing solubility in terns of nmononuclear and small cluster
atons, the term solubility nmeans both fully dissolved in the traditional
sense, but also partially dissolved or suspended in a liquid nmedium As
| ong as the 5 manganese atons are adequately dispersed in terns of single

atons or to abot 50 ato cIu r t he ese atons, are suff|C|ent
fo pr oviBEREABEST VB BTG PetiSResped HE-Roftn St SREIoaRmSror

Exanpl es of netal conpound cl usters between 2 and 50 atons are 5 rare at
anbi ent ddndet pbagt ateny dvatrss, ithef mangannsengtdme are suffieient to

containing the nmetal atomin nonoatomc to three nmetal atomcluster forns.

I n the cgmeviie apugdties eatdlpeiceifvce for tiee eomivmndeh @ghctioaonpounds t hat
I ncl ude met hycycl opent adi enyl manganese tricarbonyl (MVI), manganocene,

and many ot herg impeIRgRARRSS] 2 alldiess Hetibah zeéhat?]e%téﬂﬁ are

literature. There are also bine l1cs such as rranganese pt oxi d
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Clusters from2 to 50 atons and above are dynam caIIy formed in the flane
front as c@ntaiungothometad atomp s menortosaissto these metal, ataimseluster
reactive speci es whose cluster size distribution is kinetically and
t her nodydaminsal Iry thel amsed obyntangacmsbystticon procesmdroeys anenoatomic

compounds that include methycyclopentadienyl manganese tricarbonyl

(MMT), manganocene, and many other monomanganese organometallics

10 that exist in the literature. There are also bimetallics such as manganese

heptoxide (Mn207), manganese decacarbonyl [Mn2(CO}io], etc. An

example of a frinuclear manganese cluster is manganese Il citrate,

[Mn3(CsHs07)2]. Clusters from 2 to 50 atoms and above are dynamically

formed in the flame front as a function of the combustion process. These

15 are unstable reactive species whose cluster size distribution is kinetically

and thermodynamically balanced by the combustion process they are
participating in.

Beginning with monoatomic manganese compounds such as MMT,

it is possible to generate in-situ clusters ranging in size from three metal

20 atoms all the way to above 500 metal atoms. This is a thermodynamically

favored process that is promoted by any mechanism that strips the

organic ligands away from the metal atoms. These ligands stabilize the

metal in the atomic state and their removal forces the metal atoms to



participating in. Beginning with nonoaton ¢ manganese conpounds such as
MMTI, it is possible to generate in-situ clusters ranging in size from
three netal 20 atons all the way to above 500 netal atons. This is a

t hernodynami cally favored process that is pronoted by any mechani smt hat
strips the organic ligands away fromthe netal atons. These |igands
stabilize the nmetal in the atomc state and their renoval forces the netal
atons to eek eahoth d d together in.eve oW ng. cl ustey size
1 or der. SR Gl BUeErrtn AR, todehien 8P BVER B S WER TP ¢ h <
manner, the _ nore stabl e the cluster. The larger the cluster, the Iess

ef f ect i véalHeve gtahilithe dbeumoze atompniiaticane dagalhiestin tyatnannsen the ngs
toget her 5 several nechanismthat pronote netal cluster formation, such as
t enper at unere etyhkn thandustet. - rEhatladgdr ¢he radisted, st desy effectivhettd gands
away fromthe netal atom Increase in tenperature, on the one hand,
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However, if the 10 terrperature remsu ns h such as that rreasured In the
flarrefr n kinetic forced
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(fuel intake side and exhaust Si de nperature gradient |s establ | shed

that decr&HYRETAEER TVES pd fuel-related ree radicals that react the ligands

away from the metal atom.
Increase in temperature, on the one hand, promotes cluster
formation by stripping away the stabilizing ligands. However, if the
10 temperature remains high such as that measured in the flame front, i.e.,
2500 °C and above, then the atoms are kinetically forced to remain
segregated in this zone.
On either sides of the flame front (fuel intake side and exhaust
side) a temperature gradient is established that decreases away from the
15 flame front. The naked metal atoms created in the flame front flow
thermophoretically (a thermodynamic requirement) away from the flame
front and down these temperature gradients. As temperature decreases,
the kinetic forces maintaining atomic segregation decrease and the atoms
condense together iIn ever growing cluster sizes to achieve
20 thermodynamic stability. The most effective form of a metal as a
combustion catalyst is the monoatomic form which presents maximum
surface area to the gas phase reactions (combustion). Since it is a given

that temperature and oxygen are intricate parts of combustion, cluster



15 flame front. The naked netal atons created in the flame front flow

t hernmophoretically (a thernodynam c requirenent) away fromthe fl ane

front and down these tenperature gradients. As tenperature decreases, the
kinetic forces nmaintaining atom c segregati on decrease and the atons
condense together in ever growing cluster sizes to achieve 20 thernodynam c
stability. The nost effective formof a netal as a conbustion catalyst is
t he nonoatom ¢c. form which present xi,mum surface area to the, gas phase
react i ongtlof {Pln) CAuy; %%15 k& W%‘i‘é{%?@e rqq,gg'{ t?’@ﬁﬁe{%? PR G Ry gen
are intricate parts of conbustion, cluster 7 formation rate _can not be
nodul at ed & deayiest Husiel tougapamastellie compaund shemsal sind &ir sytghtdset al 1i ¢
conpound therrmal and air stability, dilution in the conbusting fuel - air
charge, alifutibe pr ebsucemblusther faaput athahgege,nhindt tiee qaebeate wf fhane
front as factors to be nodulated 5 to maintain or increase catalyst
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conmpounds havi ng an organo group and east one netallic ion or atom

at
Preferred o Or QUPS. | h | l'ic: compounds in an enbodi nment
of thg p&gs%’%@q%ﬁgeo%ﬁ%ﬁéig%% %%ag{f%?%‘gﬁ%l&i al dehydes, 10 ketones, esters,
anhydri des, sulfonates, Phosphonat es, chel ates phenates, crown ethers,
napht henat es, Li%’é@%‘éi‘?ﬂ i € a@%&?n%ﬂ’ésfzoﬁ'&&%ds attlyest crganemetalliGr es

t hereof . Manganese contai ni ng organonetal lic
compounds having an organo group and at least one metallic ion or

atom. Preferred organo groups in the organometallic compounds in an

embodiment of the present invention include alcohols, aldehydes,

10 ketones, esters, anhydrides, sulfonates, phosphonates, chelates,

phenates, crown ethers, naphthenates, carboxylic acids, amides, acetyl

acetonates, and mixtures thereof. Manganese containing organometallic

compounds can include, for example, manganese tricarbonyl

compounds. Such compounds are taught, for example, in US Patent

15 Nos. 4,568,357; 4,674,447, 5,113,803; 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 mangarnese
20 tricarbonyl, trimethylcyclopentadienyl manganese tricarbonyl,
tetramethylcyclopentadienyl manganese tricarbonyl,
pentamethylcyclopentadienyl | manganese tricarbonyl,

ethylcyclopentadienyl manganese tricarbonyl, diethylcyclopentadienyl



conpounds can include, for exanple, nmanganese tricarbonyl conpounds. Such
conpounds are taught, for exanple, in US Patent 15 Nos. 4, 568, 357;
4,674,447; 5,113,803; 5,599, 357; 5,944,858 and European Patent No. 466 512
B 1. Suitable manganese tricarbonyl conpounds which can be used include
cycl opent adi enyl . manganese tricarbonyl, nethylcycl opentadi enyl 20manganese
tricarbonyl, dinmethylcyclopentadi enyl manganese

Lot amot HUPEFEPBRE YR BePPE hERbERbcloEPARRERA, e B! tricarbonyl,

ent anet hyl cycl gpent adi enyl . manganesetri carbonyl,  ethyl cycl opentadi enyl
ﬁanganeség?P%l%ﬁ%m9P?nB@%?ﬁyl cycl opEHZRIneSsy| 8 nﬁ’h‘@%l’rk@é’éf){:t ri car Byl ,
propyl cycl opent adi enyl manganese tri carbonyl, isopropylcycl opentadi enyl
manganes eutylomlopeytadiesyl - rhatghoysd opeiveabbayl,l vetndeydspentadianpbnyl ,
octyl cycl opent adi enyl nmanganese tricarbonyl, dodecyl cycl opent adi enyl

et o e e s heneatash st pmsan i 0T
or e guchethylmethylcyclopentadienyl manganese tricarbonyl, indenyl manganese
tricarbonyl, and the like, including mixtures of two or more such
compounds. One example is the cyclopentadienyl manganese
tricarbonyls which are liquid at room temperature such as
methylcyclopentadienyl manganese tricarbonyl, ethylcyclopentadienyl
10 manganese tricarbonyl, liquid mixtures of cyclopentadienyl manganese
tricarbonyl and methylcyclopentadienyl manganese tricarbonyl, mixtures
of methylcyclopentadienyl manganese tricarbonyl and
ethylcyclopentadienyl manganese tricarbonyl, etc.

Preparation of such compounds is described in the literature, for

15 example, U.S. Pat. No. 2,818,417, the disclosure of which is incorporated
herein in its entirety.

Examples of manganese compounds having small clusters of 2 to
about 50 atoms include those recited hereinabove. Other examples
include non-volatile, low cluster size (1-3 metal atoms) manganese

20 compounds such as his-cyclopentadienyl manganese, bis-methyl
cyclopentadienyl manganese, manganese naphthenate, manganese II

citrate, etc, that are either water or organic soluble. Further examples

include non-volatile, low cluster manganese compounds embedded in



conpounds. One exanple is the cycl opentadi enyl nmanganese tricarbonyls
which are liquid at roomtenperature such as nethyl cycl opent adi enyl
manganese tricarbonyl, ethylcycl opentadi enyl 10 nanganese tri carbonyl,
liquid m xtures of cycl opentadi enyl manganese tricarbonyl and

met hyl cycl opent adi enyl manganese tricarbonyl, m xtures of

met hyl cycl opent adi enyl nanganese tricarbonyl and ethylcycl opentadienyl
nmanganese t carboné] Pre aration of such ggggozgds %s described in
the |itert XIéean gt /?5 9 ];gé’ﬁ%‘?ré OfEMIRALIIGES SHt osedpung; TR ure of
which is incorporated herein inits entirety. Exanples of nanganese
conpoundS ey Fesidwgl fromn iidiee colwmm distillaient obgrade M HAc| itihoed
recited herei nabove. O her exanples include non-volatile, |ow cluster size
(1- 3 net atomtmanjanesgaresenglzscoimdunds sieehvelatide,s- tyel opkntedi adiye
manganese, bis-nethyl cycl opentadi enyl manganese, nmanganese napht henat e,
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Furt her exarrp es include non-volatile Iow cl ustér or@{lganes orrpouhds
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Addi ti onal nganese exanpl es incl ude non-vol atl I e, low cluster size
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The treat rate of the manganese compound with the coal is

between 1 to about 500 ppm by weight. An alternative treat rate is from
about 5 to 100 ppm by weight manganese. In a further embodiment, the
10 treat rate is 20 ppm by weight manganese to the coal.

It is to be understood that the reactants and components referred
to by chemical .narne anywhere in the specification or claims hereof,
whether referred to in the singular or plural, are identified as they exist
pridr to coming into contact with another substance referred to by

15 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 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

20  conditions called for pursuant to this disclosure. 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

organometallic compound) or in forming a desired composition (such as

10



5 platinumgroup netals, alkali and al kaline earth netals, and ot her

nmetal s known to catal yze carbon oxidation in conbustion systens. The treat
rate of the manganese conpound with the coal is between 1 to about 500 ppm
by weight. An alternative treat rate is from about 5 to 100 ppm by wei ght
manganese. In a further enbodinment, the 10 treat rate is 20 ppm by wei ght
manganese to the coal. It is to be understood that the reactants and

conponents referred to cheni . n where in.the ecificatipn or
i e neb ATt Eonben i€ BF Beftiord FRAEBIG teonyelfp Hesfecagired
identified as they exist prior to comng _into contact w th another

subst ancdhaértéer @édttﬁfeoyowwc%ﬂn keradded Orekiended ypto ps. with thee

fuel, solvent, etc.). It matters not what chem cal changes,
t r ansf or nedsgeofiselantidividuesdty ipmrsse idndyhy; ast asmpulraeesi nsédein éstthingg
m xture or solution or reaction nmediumas such changes, transfornmations

and/ or r qaeFbRRed ARIHE OMBIRLidRSHhE / 8F subLéAGbIatiBBsS Qﬁfﬂcfrafrg%yf or

react ants and/ or conponents together under the 20 conditions cal
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desired chemcal reagtion (such as formation gof the. organgnetallic
conpound) 9T, INgrSHIARtS: e dhecpressiiiodense n camerisss” 101%n eidgds t e
concentrate or additized fuel blend). It will also be recognized that the
addi ti ve refansoserissto tine isetbsdande ocotmipeomdadsi ot mgredwinthas e 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
10 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
accurate understanding and appreciation of this disclosure and the
15 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 if fully set forth

20  herein.
This invention is susceptible to considerable variation in its

practice. Therefore the foregoing description is not intended to limit, and

should not be construed as limiting, the invention to the particular

11



base fuels individually per se and/or as conponents used in formng
preformed additive conbinati ons and/ or sub-conbi nations. Accordingly, 5
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 existed at
the time just before it was first blended or m xed with one or nore other

subst ances ents and/or j red nts i ccord he,1 resent
i 5ol osurreripiReRons pRSeRled ARLARAEAVE  RaBTE CRRF To Mhitndel it by have
lost its original identity through a chem cal reaction or transformation
during t HOVEHRH 3@ asf selulon |1@rr@|en@nwma gladgis aperthe emaivelententhrarsetl y
thereafter is thus wholly immterial for an accurate understandi ng and
appr eci atpamibtfect &s g viegtdrosfulaer.and the 15 clains thereof. At nunerous

pl aces t hroughout this specification, reference has been nmade to a nunber

of U S. Patentgppledii gbesd ddar ﬁit@ﬁdp@)t geHicaABPAny¥ dis@BSe@inBHAlhehed

techni cal papers. Al such cited documents are ‘expressly incorporated in
full tq.t I I Th t
ol SrL o epREL BB o, bkt SRt BuocRaBBE L o BT

fore90|ng descriptio not _i.ntended to and shoul d not he
constr uedna¥ ot ifss y oW B AT RCRRE Pﬁéﬂsaff pirag; shey pre considered

to be part of the invention under the doctrine of equivaients.
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exenplifications presented herei nabove. Rather, what is intended to be
covered is as set forth in the ensuing clains and the equival ents thereof
permtted as a matter of |law. Applicant does not intend to dedicate any

di scl osed enbodinents 5 to the public, and to the extent any discl osed
nodi fications or alterations may not literally fall within the scope of
the clains, they are considered to be part of the invention under the
doct ri ne ofWebAIN ValCEMBEDRISAHAT |S CLAIMED 1S: f . A nethod of suppressing
dust fromcoal, the nethod conprising the steps of: providing a
manganese- cont ai ni ng conpound; providing a dust-suppressing |liquid,;

combi ning e MH0GABARSY AL HHAGIGOMANIM Idbl N Unbith U RAIARAL M

liquid to forma m xture; and contacting the m xture of

manganese-.cont ai ni ng conpound and dust- suppressing liquid with coal;

wher ei 1St HEPRi%t ure is contacted with the coal in an anount effective to

suppress the generation of dust fromthe coal. 2. The nethod as descri bed

in clai m 1 PrANEHBEMR MRngaieimesstaiasmg aPAIRY =Smound is an organometal lic

conpound contai ning an organo group and at |east one netallic ion or atom
providing a dust-suppressing liquid;

combining the manganese-containing compound with the dust-
suppressing liquid to form a mixture; and

contacting the mixture of manganese-containing compound and dust-
suppressing liquid with coal;

wherein the mixture is contacted with the coal in an amount effective to

suppress the generation of dust from the coal.

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

group and at least one metallic ion or atom.

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

acetonates and mixtures thereof.

13



3. The method as described in claim2, wherein the organo group of the
organonetal lic conpound is selected fromthe group consisting of alcohols,
al dehydes, ketones, esters, anhydrides, sulfonates, phosphonates, chel ates,
phenat es, crown ethers, naphthenates, carboxylic acids, am des, acetyl
acetonates and m xtures thereof. 13 4. The nethod described in claim 2,
wherein the organonetal lic conpound conprises nethyl cycl opent adi enyl
manganese t4.i cdflhonyiethbd TescrnibeHodndedaing b8d wheetim nb2, ovganeinmetalitc
manganese-contai ning conpound is selected fromthe foll ow ng group:

cycl opeithpeifAydoriBRERESABt hyIEVSIBpRARYdienyE A S¥d QPEM A0SR NManganese
tricarbonyl, dinethylcycl opentadi enyl mahganese tricarbonyl,

trimet hyl cycl opent adi enyl manganese tri carbonyl,

t et ramet hyl cycl opent adi enyl nmanganese tri carbonyl,

pent anet hyl cyc ent adi enyl nganese. trjcarbonyl, ethyl cycl opentadi enyl
manganese t1i CJQﬁEGH?ﬁ}O ESF‘H‘S%E%&P 8iRath Wherenath maneanssearptgining

propyl cycl opent adi enyl manganese tri carbonyl, isopropylcycl opentadi enyl

nmangarfsgapeundaisheelzcted drambidtey faawinge gradpengyclopagtadisayt meaaghoesd |
octyl cycl opent adi enyl manganese tri carbonyl, dodecyl cycl opent adi enyl

manganeiearbohghr bonyl methpldyaRiguertavedrogent adi giitigamiganese tficsdsdipay!
i ndenyl manganese tricarbonyl, and the like, including m xtures of two or

mor Sancgggahwmm&aﬁmﬁh?ngﬁggﬁgs@strﬂ%&%h%d 'Pirfib@ytyelofBALE Bl
manganese tricarbonyl, tetramethylcyclopentadienyl manganese tricarbonyl,
pentamethylcyclopentadienyl manganese tricarbonyl, ethylcyclopentadienyl
manganese tricarbonyl, diethylcyclopentadienyl manganese tricarbonyl,
propylcyclopentadienyl manganese tricarbonyl, isopropylcyclopentadienyl
manganese tricarbonyl, tert-butylcyclopentadienyl manganese tricarbonyl,
octylcyclopentadienyl manganese tricarbonyl, dodecylcyclopentadienyl
manganese tricarbonyl, ethylmethylcyclopentadienyl manganese tricar‘bonyl,

indenyl manganese tricarbonyl, and the like, including mixtures of two or more

such compounds.

6. The method as described in claim 1, wherein the manganese-

containing compound comprises about 20 ppm by weight of the coal.

7. The method as described in claim 1, wherein the manganese-

containing compound comprises about 5 to 100 ppm by weight of the coal.

14



cont ai ni ng conpound conprises about 20 ppm by weight of the coal. 7. The
nmet hod as described in claiml1, wherein the manganese- contai ni ng conpound
conprises about 5 to 100 ppm by wei ght of the coal. 14 8. The nethod as
described in claim1, wherein the nanganese- containing conpound conprises
about 1 to 500 ppm by weight of the coal. 9. The nmethod as described in
claim1, wherein the manganese contai ning conpound is a nononucl ear netal
conmpound. 8. Thec neichibdd aasddsscribed im claginm1],, witeea nthd emamggarsse-
cont ai ni ng conpound conprises clusters of about two to no nore than about

fifty daitainidig0t@mpblindléempRiRathisudese 3E $rnd by WeiBhk of WIS &dl, t he dust

suppressing liquid is selected fromthe follow ng“group: water, oil,
surfactants, polynmer dispersions, polynmer solutions, flocculants and
resins, and m xtures of one or nore of the foregoing. 12. The nethod as
described in claim1, further wherein the mxture is contacted with the

coal in an &nodme SPELResvast desrriPed el ofiBiRY i on VEtereHe the amanganesge
met hod described in claim1, further wherein the manganese- contai ni ng
conpoutitesnpg esuspatinideissa meeromvaleasimetdlegompoundust er size (1 -- 3
metal atons) nmanganese conpound sel ected fromthe group consisting of
bi s- cycl opent adi enyl manganese, bis-nethyl cycl opent adi enyl manganese,

10. The method as described in claim 1, wherein the manganese-
containing compound comprises clusters of about two to no more than about

fifty metal atoms.

11. The method as described in claim 1, wherein the dust suppressing
liquid is selected from the following group:
water, oil, surfactants, polymer dispersions, polymer solutions,

flocculants and resins, and mixtures of one or more of the foregoing.

12. The method as described in claim 1, further wherein the mixture is
contacted with the coal in an amount effective to improve combustion of the
coal.

13. The method described in claim 1, further wherein the manganese-
containing compound comprises at least one non-volatile, low cluster size (1 —
3 metal atoms) manganese compound selected from the group consisting of
bis-cyclopentadienyl manganese, bis-methyl cyclopentadienyl manganese,

manganese naphthenate, and manganese II citrate.
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manganese napht henate, and nmanganese || citrate. 15 14. The net hod
described in claiml1, further wherein the manganese- contai ning conpound
conprises non-volatile, |Iow cluster nanganese conpounds enbedded in

pol ynmeric and/or oligoneric organic matrices. 15. A nmethod of suppressing
dust fromcoal, the method conprising the steps of: providing a m xture of
a manganese- cont ai ni ng conpound and a dust- suppressing |iquid; and
contacti ng e rfihe methold desganes érodairai hi igthermmdundinantedushganese-
suppressing liquid with coal; wherein the mxture is contacted with the

coal igprafirHme Unboﬁffﬁcﬁﬁic!l Vesda pris¥BPr 888 -4d18HHENEIRY | Oélugtexduéﬁaﬁgﬁﬁéé@e
coal. 16. Aliquid suppreSS| ng dust generated by coal, the

cont al hroge En S ARAREA =S 3R o Begic A PP O ol S B85 o by

wei ght of the coal. 17. The liquid for suppressing dust generated by coal
as described in claim16, wherein the manganese-contai ni ng conpound is
added at a treat rate of about 5 to 100 ppm by weight of the coal. 16 18.
The |iquid ¥or duppedsyi of siuspregehey atusd fr;bntmlal,akhcie'scthduéctanmpnsmg

the steps of:

providing a mixture of a manganese-containing compound and a dust-
suppressing liquid; and

contacting the mixture of manganese-containing compound and dust-
suppressing liquid with coal;

wherein the mixture is contacted with the coal in an amount effective to

suppress the generation of dust from the coal.

16. A liquid for suppressing dust generated by coal, the liquid
comprising a manganese-containing compound wherein the manganese-
containing compound is added at a treat rate of about 1 to 500 ppm by weight

of the coal.

17. The liquid for suppressing dust generated by coal as described in
claim 16, wherein the manganese-containing compound is added at a treat rate

of about 5 to 100 ppm by weight of the coal.
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claim 16, wherein the nmanganese-contai ning conpound i s added at a treat
rate of about 20 ppm by weight of the coal. 19. The liquid for suppressing
dust generated by coal as described in claim16, wherein the
manganese- cont ai ni ng conpound is an organonetal lic conmpound contai ni ng an
organo group and at | east one netallic ion or atom 20. The liquid for
suppressi ng dust generated by coal as described in claim19, wherein the
or gano groulB.of Thre lighgd rforstygipriessomnposhgeneratdde byecbalf as mesheibgdoimp
consi sting of alcohols, aldehydes, ketones, esters, anhydrides,

sul f onaa®s, 1@hﬂﬁéf@ﬂaiﬁsma@l@@h@b@%orﬁﬁﬁﬂ@ﬁg%mﬁbﬁm Rt Aed&d ahapitehe rﬂai@s
carboxylic aci ds am des, acetyl acetonat es and m xtures thereof. 21. The

|1 qui gy¢f d by coal described in claim 16,
wher elcbn ﬁe man nesgég ?F(%%l ni ng corrpound conpri ses nethyl cycl opent adi enyl

manganese tricarbonyl. 22. The liquid for suppressing dust generated by
coal described in claim16, wherein the nanganese-contai ni ng conpound is
selected fromthe follow ng group: cyclopentadienyl manganese tricarbonyl,
met hyl cycl odnt adibenquithfiyasappressisgardimtygcnaraned iyl coal apatesadibedyin
manganese tricarbonyl, trinethylcyclopentadi enyl manganese tricarbonyl, 17

t et r argdaimy| by c mmahadhemyﬂaﬂgamamwm@gr bemound is an organometallic
pent anet hyl cycl opent adi enyl manganese tricarbonyl, ethyl cyclopentadienyl

MNganBpbiih A diRBYhingth:e UhyhAY Jrefp Ui Rd 8 '1&'4131;”@1”1‘9 MESEIL 165 - RBU

20. The liquid for suppressing dust generated by coal as described in
clé.im 19, wherein the organo group of the organometallic compound is selected
from the group consisting of alcohols, aldehydes, ketones, esters, anhydrides,
sulfonates, phosphonates, chelates, phenates, crown ethers, naphthenates,

carboxylic acids, amides, acetyl acetonates and mixtures thereof.

21. The liquid for suppressing dust generated by coal described in
claim 16, wherein the manganese-containing compound comprises

methylcyclopentadienyl manganese tricarbonyl.

22. The liquid for suppressing dust generated by coal described in
claim 16, wherein the manganese-containing compound is selected from the
following group: cyclopentadienyl manganese tricarbonyl,
methylcyclopentadienyl manganese tricarbonyl, dimethylcyclopentadienyl

manganese tricarbonyl, trimethylcyclopentadienyl manganese tricarbonyl,

17



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

I ndenyl manganese tricarbonyl, and the like, including mxtures of two or
nore such conpounds. 23. The |iquid for suppressing dust generated by coal
as dedettappethivicydppentadienyher ei n t he namgagmsesecont ai ni ng ctriparbwhyls a
nononucl ear netal conmpound. 24. The liquid for suppressing dust generated

by cogbergansiassidjigpémtaditayim danghitdsel ntridig bERRYANEES/16PAbAEAtdenyl

conpound conprises clusters of about two to no nore than about fifty” netal
at ons. th pr ' F |, od |.Sl1Ng
the saneafietE (iRl RSB hohEATLERT oo PN sl
suppr essi % | iqui d; 18 comi ni n%_lt he tal -containing co OLind W t thf
dust - SUFP %}fsc?‘(ﬂr@,enﬁ%dé%ﬁﬁ t SRFBRANESH xHArPoRYy ¢ dRPRIARHEY S RBERHGIGRE! of
met al - cont ai ni ng conmpound and dust- suppressing liquid with coal; wherein

t he miRAngAnese cdncatheayw tertthatdewslopentadignylnmanganese etticarbonyl,

octylcyclopentadienyl manganese tricarbonyl, dodecylcyclopentadienyl
manganese tricarbonyl, ethylmethylcyclopentadienyl manganese tricarbonyl,
indenyl manganese tricarb‘onyl, and the like, including mixtures of two or more

such compounds.

23. The liquid for suppressing dust generated by coal as described in
claim 16, wherein the manganese-containing compound is a mononuclear

metal compound.

24. The liquid for suppressing dust generated by coal as described in
claim 16, wherein the manganese-containing compound comprises clusters of

about two to no more than about fifty metal atoms.

25. A method of suppressing dust from coal, the method comprising
the steps of:
providing a metal-containing compound;

providing a dust-suppressing liquid;

18



suppress the generation of dust fromthe coal, and wherein the netal -

cont ai ni ng conpound conprises at | east one non-volatile, |ow cluster size
netal selected fromthe group consisting of iron, cerium copper,

nol ybdenum  plati numgroup netals, alkali and al kaline earth netals, and
other netals known to catalyze carbon oxidation in conbustion systens. 19

combining the metal-containing compound with the dust-suppressing
liquid to form a mixture; and

contacting the mixture of metal-containing compound and dust-
suppressing liquid with coal;

wherein the mixture is contacted with the coal in an amount effective to
suppress the generation of dust from the coal, and wherein the metal-
containing compound comprises at least one non-volatile, low cluster size
metal selected from the group consisting of iron, cerium, copper, molybdenum,
platinum group metals, alkali and alkaline earth metals, and other metals

known to catalyze carbon oxidation in combustion systems.
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