
METHOD AND COMPOSITION FOR SUPPRESSING COAL DUST FIELD OF THE INVENTION The
present invention relates to a method and composition for  5 suppressing
coal dust. The method and composition also simultaneously  include an
additive 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 1 



quantities can be added to eliminate dust. But the addition of water
decreases the specific heating value of the coal. In addition to water
alone, other aqueous additives are known and  used. These include solutions
containing surfactants. Aqueous foams  5 are known. Still further, aqueous
compositions comprising asphalt  emulsions or other organic coating
materials may be used. 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 metal-containing compound to that liquid.  The
metal-containing additive is a combustion-improver. The addition of  the
combustion improver concurrently with the dust suppressant allows 5 the
coal handler to solve the issues of dust suppression and combustion
improvement with a single process step of adding the single mixture of  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 3 compound
may be added at the end-user stage of the coal handling - i.e.,  at a
utility combustion plant or other furnace. Alternatively, the mining
operation may combine the metal-containing compound with the liquid  dust
suppressant in its operations in order to improve the properties of 5 the
coal for sale. The metals can include manganese, iron, cerium,  copper,
molybdenum, platinum group metals, alkali and alkaline earth  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 coal (carbon) particles. The effect on
combustion of naturally occurring manganese, therefore, appears to be
negligible. 4 Clusters of from 3 to 50 atom size and above are dynamically
created in the flame being fed with fuel containing the metal additive as a
monoatomic: to 3 metal atom size compounds. These clusters are  generally
too reactive to be isolated at ambient conditions. 5 Measurement of metal
cluster size distribution in the flame versus  intended metal 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 Sup-pressants.  National Institute of Standards and Technology (NIST),
Technology 10 Administration, U.S. Department of Commerce, May 2002.
http://fire.nist.gov/bfrlpubsZfireO2/`-PDF/`fO2Oll.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 5 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 catalytic effect for the combustion reaction.
Examples of metal compound clusters between 2 and 50 atoms are  5 rare at
ambient conditions but very common in flames being fed with fuel
containing the metal atom in monoatomic to three metal atom cluster  forms.
In the case of manganese, there are numerous monoatomic  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)zo}, etc. An  example of a
trinuclear manganese cluster is manganese II citrate,  [Mn3(C6H507)2J.
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 6 seek each other and bind together in ever growing cluster size
in order to  achieve stability. The more atoms that come together in this
manner, the  more stable the cluster. The larger the cluster, the less
effective the  metal becomes as a combustion catalyst. Combustion brings
together 5 several mechanism that promote metal cluster formation, such as
temperature, oxygen, and fuel-related free 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 in 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 7 formation rate can not be
modulated through these two parameters.  That leaves initial organometallic
compound thermal and air stability,  dilution in the combusting fuel - air
charge, and the pressure of the  input charge into the combustion flame
front as factors to be modulated  5 to maintain or increase catalyst
activity. Examples of mononuclear compounds include organometallic
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
B 1. Suitable manganese tricarbonyl compounds which can be used  include
cyclopentadienyl. manganese tricarbonyl, methylcyclopentadienyl 20manganese
tricarbonyl, dimethylcyclopentadienyl  manganese
tricarbonyl,trimethylcyclopentadienyl  manganesetricarbonyl,
tetramethylcyclopentadienyl  manganese tricarbonyl,
pentamethylcyclopentadienyl. manganesetricarbonyl,  ethylcyclopentadienyl
manganese tricarbonyl, diethylcyclopentadienyl 8 manganese tricarbonyl,
propylcyclopentadienyl manganese tricarbonyl, isopropylcyclopentadienyl
manganese tricarbonyl, tert- butylcyclopentadienyl manganese tricarbonyl,
octylcyclopentadienyl  manganese tricarbonyl, dodecylcyclopentadienyl
manganese tricarbonyl, 5 ethylmethylcyclopentadienyl 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 bis-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 9 polymeric and/or oligomeric organic matrices such as those
found in the  heavy residue from the column distillation of crude MMT.
Additional  non-manganese examples include non-volatile, low cluster size
compounds of metals selected from iron, cerium, copper, molybdenum, 



5 platinum group metals, alkali and alkaline earth metals, and other
metals known to catalyze carbon oxidation in combustion systems. 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 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 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 an additive
concentrate or additized  fuel blend). It will also be recognized  that the
additive components can be added or blended into or with the  



base fuels individually per se and/or as components used in forming
preformed additive combinations and/or sub-combinations. Accordingly, 5
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 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 



exemplifications presented hereinabove.  Rather, what is intended to be
covered is as set forth in the ensuing claims and the equivalents thereof
permitted as a matter of law. Applicant does not intend to dedicate any
disclosed embodiments  5 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. 12 WHAT IS CLAIMED IS: f . A method of suppressing
dust from coal, the method comprising  the steps of: providing a
manganese-containing compound;  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 4. The method described in claim 2,
wherein the organometallic compound comprises methylcyclopentadienyl
manganese tricarbonyl. 5. The method described in claim 2, wherein the
manganese-containing  compound is selected from the following group:
cyclopentadienyl manganese  tricarbonyl, methylcyclopentadienyl manganese
tricarbonyl,  dimethylcyclopentadienyl manganese tricarbonyl,
trimethylcyclopentadienyl  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 tricarbonyl,
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 8. The method as
described in claim 1, wherein the manganese- containing compound comprises
about 1 to 500 ppm by weight of the coal. 9. The method as described in
claim 1, wherein the manganese containing compound is a mononuclear metal
compound. 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. 15 14. The method
described in claim 1, further wherein the manganese- containing compound
comprises non-volatile, low cluster manganese  compounds embedded in
polymeric and/or oligomeric organic matrices. 15. A method of suppressing
dust from coal, the method comprising  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. 16 18.
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 20 ppm by weight of the coal. 19. The liquid for suppressing
dust generated by coal as described in  claim 16, wherein the
manganese-containing compound is an organometallic  compound containing an
organo group and at least one metallic ion or atom. 20. The liquid for
suppressing dust generated by coal as described in  claim 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
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 tricarbonyl,
indenyl manganese tricarbonyl, 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 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. 19 


