2012/097289 A1 I 000 010 O O 0

<

W

(43) International Publication Date

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

(10) International Publication Number

WO 2012/097289 A1l

19 July 2012 (19.07.2012) WIPOIPCT
(51) International Patent Classification: AO, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ,
CI10L 10/04 (2006.01) CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM, DO,
i L. DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,
(21) International Application Number: HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP, KR,
PCT/US2012/021301 KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD, ME,
(22) International Filing Date: MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
13 January 2012 (13.01.2012) OM, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SC, SD,
. ) SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN, TR,
(25) Filing Language: English TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.
(26) Publication Language: English (84) Designated States (uniess otherwise indicated, for every
(30) Priority Data: kind of regional protection available). ARIPO (BW, GH,
61/432,910 14 January 2011 (14.01.2011) US GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, SZ, TZ,
61/578,034 20 December 2011 (20.12.2011) Us UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU,
TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE,
(71) Applicant (for all designated States except US): ENVIR- DK, EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
ONMENTAL ENERGY SERVICES, INC. [US/US]; 5 LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK,
Turnberry Lane, Sandy Hook, CT 06482 (US). SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ,
(72) Inventor; and GW, ML, MR, NE, SN, TD, TG).
(75) Inventor/Applicant (for US ornly): PASTORE, Mark Declarations under Rule 4.17:

74

31

[US/US]; 26 Victory Road, Suftern, NY 10901-8718 (US).

Agent: RUGGIEROQO, Charles, N.J.; Ohlandt, Greeley,
Ruggiero & Perle, LLP, One Landmark Sqaure, 10th Floor,
Stamtord, CT 06901 (US).

Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,

of inventorship (Rule 4.17(iv))

Published:

with international search report (Art. 21(3))

(54) Title: PROCESS FOR OPERATING A FURNACE WITH A BITUMINOUS COAL AND METHOD FOR REDUCING
SLAG FORMATION THEREWITH

2700

2600 +4—

2500

2400

2300

Temp, Deg. F

2200

2100

B I
Coal + 2500 Coal + 2500 Coal + 2500 Coal + 2500
PPMMeCO;  ppmMgCO;  ppm MgCO;  ppm MgCO;
+0.5% Al +1.5% CaCO; +0.5% CaCD; +0.5%A)

FIG. 1

Coal + 2500
ppm MgCOs
+0.5% CaCOs

Coal + 2500
ppm MgCO;

Coal Only
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PROCESS FOR OPERATING A FURNACE WITH A BITUMINOUS COAL
AND METHOD FOR REDUCING SLAG FORMATION THEREWITH

BACKGROUND OF THE DISCLOSURE

1. Field of the Disclosure

The present disclosure relates to a process for operating a furnace with a bituminous
coal to generate heat. The present disclosure also relates to a method for reducing slag
formation in a furnace. The present disclosure also relates to a method for treating coal. The

present disclosure further relates to a treated coal.

2. Description of the Related Art

Slag builds up on the surfaces and/or walls of furnaces and boilers due to deposition of
molten and/or semi-molten ash, which can in turn solidify. Particles of ash are normally molten
when they exit the flame zone or radiant section of a boiler or furnace (the terms “furnace” and
“boiler” are used interchangeably herein). If the melting point of the ash or the rate of
solidification is too low, the particles will not have sufficient time to solidify before impinging
on or contacting a surface within the boiler or furnace. When this occurs, the molten or plastic-
like ash adheres to and solidifies on the surface, which gives rise to a slag deposit. Fouling can
also occur in lower temperature convective sections of the boiler or furnace when volatile
components in the ash, such as the alkali oxides, condense and collect further ash, which can

sinter into a hard mass.

Typically, the composition and physical properties of ash found in prospective coal
feedstocks are considered when designing the size and thermal dynamics of a boiler or furnace.
Slag formation can be a particular problem when a coal feedstock is used in a boiler or furnace
for which the boiler or furnace was not designed. The size and thermal dynamics of the boiler

relative to the composition and physical properties of the ash in the coal feedstock will
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determine whether the ash is solid or molten by the time it reaches a surface. Desirably, the
boiler or furnace is designed such that ash solidifies prior to reaching surfaces within the boiler
or furnace. Such solidified ash can be removed relatively easily by means known in the art,

such as by physical removal or blowing.

Slag formation occurs to some extent in all boiler and furnace systems. Boilers are often
designed for some slag buildup on surfaces and walls to provide an additional measure of
thermal insulation, and, thus, minimize heat loss through the walls. Excessive slag buildup,

however, tends to clog the boiler or furnace and/or result in excessive temperatures therein.

Slag formation can have a major impact on boiler operation. Significant accumulation of
slag can result in partial blockage of the gas flow, possibly requiring reduction in boiler load.
Slag may build up to an extent that damage to tubing may result when attempting to dislodge
heavy accumulations. Insulation of waterwall tubes may lead to a thermal imbalance within the
boiler, heat transfer efficiency reductions, and excessively high temperatures in the superheat

section.

Boilers are generally designed around a specified range of coal properties, depending on
the expected source of fuel. Many consumers are forced to switch their normal supplies
because of increased demand for coal. Additionally, more stringent regulations regarding
emissions may make a change in fuel more desirable than adding control systems. Alternate
coal supplies may be completely different from design fuel with regard to ash fusion
temperature, ash composition, etc. Substitution of a coal with ash characteristics significantly

different from those for which a boiler was designed can give rise to problems such as slagging.

Many factors are considered in designing a boiler capable of handling the ash
characteristics of a particular coal. Design considerations are very important in determining
whether deposits will form when a particular fuel is burned. Design considerations are geared

to optimize the combustion process and reduce deposits to a minimum thus maximizing the
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efficiency of extraction of energy from the fuel. Careful control of the relative quantities

absorbed through the various boiler sections is necessary.

A method commonly used in the art to reduce slag formation during on-line operations
is soot blowing. However, soot blowing usually only partially alleviates the problem of slag

formation.

Another method of reducing slag formation while on-line is to reduce boiler or furnace
load. During reduction of boiler load, temperatures are reduced and molten ash solidifies
faster, i.e., prior to reaching boiler/furnace walls. Also, the temperature reduction can cause a
difference in contraction rates between metal in the tubes and the slag and cause slag to be
separated from tube surfaces. Notwithstanding the foregoing, reduction of boiler load is

economically undesirable due to lost capacity.

Another method used in the art to reduce slag formation while on-line is the use of
attemperating spray, which reduces steam temperatures. As tubes begin to encounter slag
formation, excessively high steam temperatures in the superheat and/or reheat sections of the
boiler or furnace may necessitate the use of an attemperating spray. If slagging continues to
increase, the amount of spray must be increased. Since the level of attemperating spray usage
is proportional to the degree of slag formation, it can serve as a useful measure of the severity
of the slag formation. When maximum spray is reached and steam temperatures are still too

high, thermal balance can be restored by reducing load and shedding or removing slag.

A coal frequently used for the purpose of energy and electrical production is lllinois
Basin (ILB) bituminous coal. A drawback to using ILB coal is that it typically exhibits a relatively
low ash fusion temperature, which can result in elevated levels of slag formation in coal-fired

furnaces.
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It would be desirable to have a process for operating a coal-fired furnace exhibiting
reduced slag formation. It would also be desirable to have a method for reducing slag
formation in a coal-fired furnace. It would be desirable to have a method for treating coal. It
would be desirable to have a treated coal that exhibits reduced slag formation when

combusted. It would be particularly desirable to have the foregoing with respect to ILB coal.

SUMMARY OF THE DISCLOSURE

According to the present disclosure, there is provided a process for operating a coal-
fired furnace to generate heat. The process has the steps of a) providing the coal to the furnace
and b) combusting the coal in the presence of a first slag-reducing ingredient and a second slag-
reducing ingredient in amounts effective to reduce slag formation in the furnace. The first slag-
reducing ingredient is selected from the group consisting of magnesium carbonate, magnesium
hydroxide, magnesium oxide, magnesium sulfate, and combinations thereof. The second slag-
reducing ingredient is selected from the group consisting of an oxygenated calcium compound,
an oxygenated silicon compound, one or more oxygenated aluminum compounds, and

combinations thereof.

Further according to the present disclosure, there is provided a method for reducing
slag formation in a coal-fired furnace. The method has the step of combusting coal in the
furnace in the presence of a first slag-reducing ingredient and a second slag-reducing ingredient
in amounts effective to reduce slag formation in the furnace. The first slag-reducing ingredient
is selected from the group consisting of magnesium carbonate, magnesium hydroxide,
magnesium sulfate, magnesium oxide, and combinations thereof. The second slag-reducing
ingredient is selected from the group consisting of one or more oxygenated calcium
compounds, one or more oxygenated silicon compounds, one or more oxygenated aluminum

compounds, and combinations thereof.

Further according to the present disclosure, there is a method for treating coal. The

method has the step of introducing to the coal an amount of a first slag-reducing ingredient and



10

15

20

25

WO 2012/097289 PCT/US2012/021301

an amount of a second slag-reducing ingredient. The first slag-reducing ingredient is selected
from the group consisting of magnesium carbonate, magnesium hydroxide, magnesium sulfate,
magnesium oxide, and combinations thereof. The second slag-reducing ingredient is selected
from the group consisting of one or more oxygenated calcium compounds, one or more
oxygenated silicon compounds, one or more oxygenated aluminum compounds, and

combinations thereof.

Further according to the present disclosure, there is a treated coal. The treated coal is
made up of the coal and an amount of an externally introduced first slag-reducing ingredient
and an amount of an externally introduced second slag-reducing ingredient. The first slag-
reducing ingredient is selected from the group consisting of magnesium carbonate, magnesium
hydroxide, magnesium sulfate, magnesium oxide, and combinations thereof. The second slag-
reducing ingredient is selected from the group consisting of one or more oxygenated calcium
compounds, one or more oxygenated silicon compounds, one or more oxygenated aluminum

compounds, and combinations thereof.

Further according to the present disclosure, there is provided another process for
operating a coal-fired furnace to generate heat. The process has the steps of a) providing the
coal to the furnace and b) combusting the coal in the presence of a first slag-reducing
ingredient and a second slag-reducing ingredient in amounts effective to reduce slag formation
in the furnace. The first slag-reducing ingredient is selected from among one or more
oxygenated silicon compounds. The second slag-reducing ingredient is selected from among

one or more oxygenated aluminum compounds.

Further according to the present disclosure, there is provided another method for
reducing slag formation in a coal-fired furnace. The method has the step of combusting coal in
the furnace in the presence of a first slag-reducing ingredient and a second slag-reducing
ingredient in amounts effective to reduce slag formation in the furnace. The first slag-reducing

ingredient is selected from among one or more oxygenated silicon compounds. The second
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slag-reducing ingredient is selected from among one or more oxygenated aluminum

compounds.

Further according to the present disclosure, there is a method for treating coal. The
method has the step of introducing to the coal an amount of a first slag-reducing ingredient and
an amount of a second slag-reducing ingredient. The first slag-reducing ingredient is selected
from among one or more oxygenated silicon compounds. The second slag-reducing ingredient

is selected from among one or more oxygenated aluminum compounds.

Further according to the present disclosure, there is a treated coal. The treated coal is
made up of the coal and an amount of an externally introduced first slag-reducing ingredient
and an amount of an externally introduced second slag-reducing ingredient. The first slag-
reducing ingredient is selected from among one or more oxygenated silicon compounds. The
second slag-reducing ingredient is selected from among one or more oxygenated aluminum

compounds.

DESCRIPTION OF THE FIGURE
Figure 1 is a bar graph showing the relative fusion temperatures of coal only, a control
of coal plus magnesium carbonate, and coal plus combinations of magnesium carbonate and

calcium carbonate or aluminum nitrate nonohydrate.

Fig. 2 is a schematic representation of a boiler system useful in carrying out the present

invention.

Fig. 3 is a plot of burner tilt position of a boiler system burning a treated ILB bituminous

coal of the present invention.
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DETAILED DESCRIPTION OF THE DISCLOSURE
The present disclosure affords reduced slagging in the operation of coal-fired furnaces.

Combinations of oxygenated compounds are employed to effect synergistic reductions in

slagging.

The combinations of slag-reducing agents are useful with any type of coal, such as
anthracite, bituminous, sub-bituminous, and lignite coals. A frequently used type of bituminous
coal is ILB (lllinois Basin). A frequently used type of sub-bituminous coal is PRB (Powder River

basin).

The first slag-reducing ingredient functions to reduce slag formation relative to
combustion without such first slag-reducing ingredient. The first slag-reducing ingredient may

also function as a combustion catalyst to improve the oxidation of the coal.

The second slag-reducing ingredient acts synergistically with the first slag-reducing
ingredient to significantly reduce slag formation relative to combustion with the first slag-
reducing ingredient alone. The rate of formation of slag with the second slag-reducing
ingredient is preferably reduced by a factor of about 10 to about 100 compared to the presence
of the first slag-reducing ingredient alone. Slag formation and the rate of slag formation can be
measured by techniques known in the art, such as high-temperature probe disclosed in U.S.
2008/0291965, which is incorporated herein by reference. The probe uses temperature

differential as a function of time to ascertain slag formation and deposition.

In one embodiment, the first slag-reducing ingredient is selected from among one or
more oxygenated magnesium compounds. Examples of magnesium compounds include
magnesium carbonate, magnesium hydroxide, magnesium sulfate, magnesium oxide, and
combinations thereof. A preferred first slag-reducing ingredient is magnesium hydroxide. The
second slag-reducing ingredient is selected from among one or more oxygenated calcium

compounds, one or more oxygenated silicon compounds, and combinations thereof. Examples
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of oxygenated calcium compounds include calcium oxide, calcium hydroxide, calcium
carbonate, calcium nitrate, and calcium acetate, and combinations of any of the foregoing.
Examples of oxygenated silicon compounds include silicon dioxide, silicon monoxide, siloxanes,

silanols, silanediols, silicic acids, and combinations thereof.

The above embodiment, which employs combinations of oxygenated magnesium
compounds and oxygenated calcium and/or silicon compounds, is useful with any type of coal

but is particularly efficacious with ILB (lllinois Basin) bituminous coal.

In another embodiment, the first slag-reducing ingredient is selected from among one
or more of the aforementioned oxygenated silicon compounds. The second slag-reducing
ingredient is selected from among one or more oxygenated aluminum compounds. Examples
of oxygenated aluminum compounds include aluminum nitrate, aluminum oxide, and

aluminum hydroxide.

The above embodiment, which employs combinations of oxygenated silicon compounds
and oxygenated aluminum compounds, is useful with any type of coal but is particularly
efficacious with lignite coal and low-rank bituminous coals having ash content and mineral

compositions similar to lignite coal.

In some embodiments, slag-reducing ingredients are added to the coal in amounts
preferably up to about 4000 ppm and more preferably up to about 2000 ppm based upon the
weight of ash in the coal, which is typically about 2 wt% to about 3 wt% of the total weight of
the coal. The composition and proportion of ash in the coal will vary from coal sample to coal
sample. The indicated upper limits for amounts of slag-reducing agents are preferred due to
economic considerations, but higher amounts are operable and possible. In another
embodiment, about 100 ppm to about 1000 ppm of slag-reducing ingredients based upon the
weight of the coal as received can be used. In yet another embodiment, about 500 ppm to

about 750 ppm of slag-reducing ingredients based upon the weight of the coal as received can
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be used. Slag-reducing ingredients are preferably employed in amounts sufficient to raise the
ash fusion temperature of the coal. Higher ash fusion temperatures are associated with
reduced slagging. In some embodiments, the ratio of the first slag-reducing ingredient to the
second slag-reducing ingredient preferably ranges from about 95:5 to about 60:40 and more

preferably about 90:10 to about 50:50.

In a particular embodiment, the coal treated is a bituminous coal typically have metals
ratios (prior to blending with slag-reducing agents) of the following: an Si/Al ratio of about 2.19
to about 2.85; an Fe/(Si+Al) ratio of about 0.12 to about 0.32; and a Ca/(Si+Al) ratio of about
0.04 to about 0.09. Metal contents are determined according to the ASTM coal ash mineral
test. Such ratios relate to the metals content encountered in ILB coal. In this embodiment, the
first slag-reducing ingredient and the second slag-reducing ingredient are preferably added to
the coal ranges at a ratio of about 60:40 to about 40:60 with the first slag-reducing ingredient
being one or more oxygenated magnesium compounds and the second slag-reducing ingredient
being one or more oxygenated calcium compounds (ratios outside this range are less preferred
but operable). The slag-reducing ingredients are added to the bituminous coal in amounts
preferably up to about 4000 ppm and more preferably up to about 2000 ppm based upon the
weight of ash in the bituminous coal, which is typically about 2 wt% to about 3 wt% of the total
weight of the bituminous coal. The composition and proportion of ash in the bituminous coal
will vary from coal sample to coal sample. The indicated upper limits for slag-reducing
ingredients are preferred due to economic considerations, but higher amounts are operable
and possible. In another embodiment, about 100 ppm to about 1000 ppm of slag-reducing
ingredients based upon the weight of the bituminous coal as received can be used. In another
embodiment, about 500 ppm to about 750 ppm of slag-reducing ingredients based upon the
weight of the bituminous coal as received can be used. Slag-reducing ingredients are preferably

employed in amounts sufficient to raise the ash fusion temperature of the bituminous coal.

Optionally, additional oxygenated slag-reducing ingredients may be added to the first

and second oxygenated slag-reducing ingredients to achieve further reduction in slagging and
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further synergies. For instance, an oxygenated magnesium compound(s) may be added to the
oxygenated silicon compound(s) and the oxygenated aluminum compound(s) to form a
combination with oxygenated compounds of three different metals (Mg + Si + Al). Another
combination is adding an oxygenated aluminum compound(s) to the oxygenated magnesium
compound(s) and the oxygenated calcium compound(s) and/or oxygenated silicon compound(s)
to form a combination with oxygenated compounds of three or four different metals (Al + Mg +
Ca and/or Si). Other slag-reducing ingredients that may be employed with the first and second
oxygenated slag-reducing ingredients include oxygenated copper compounds and ammonium
phosphate. Useful oxygenated copper compounds include copper acetate, copper nitrate,

copper oxide, and copper carbonate.

The slag-reducing ingredients may be added directly into the furnace or boiler in
powder or liquid forms or added to the coal as received prior to conveyance of the coal to the
furnace or boiler. If desired, the ingredients may be added at a burner(s) directly into a
flame(s) via coal feeders or coal pipes. Suitable liquid forms include solutions and slurries. A
preferred solvent or vehicle is water. A liquid is preferably sprayed onto the coal prior to

bunkering or in gravimetric feeders prior to pulverization or prior to cycloning.

An embodiment of the process of the present disclosure is set forth in Fig. 1 in the form
of a boiler system 10. System 10 has a boiler 12. Feed stream 14 provides a conduit for feeding
coal, a first additive, and a second additive to boiler 12 through burner 17. Feed streams 20
and 22 provide conduits for feeding water and air, respectively, into boiler 12. Exit stream 24
delivers steam produced in boiler 12. Exit stream 26 delivers exhaust gas. The steam may be
employed for purposes of delivering heat or driving a turbine and electrical generator (not
shown). Condensed water and/or waste heat may be recycled to boiler system 10 through

stream 20 or other conduit (not shown).

The following are examples of the present disclosure and are not to be construed as

limiting. All parts and percentages are by weight unless otherwise indicated.

10
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EXAMPLES

Example 1

Mixtures of coal and combinations of slag-reducing ingredients of the present disclosure
were prepared and tested for fusion temperature. The results were compared to fusion
temperatures obtained for coal only (comparative) and a mixture of coal with only one slag-
reducing agent (control). Although not bound by any theory, increasing the fusion temperature

of coal is believed to decrease the likelihood of slag formation upon combustion thereof.

The coal employed was Highland, an ILB bituminous coal. Magnesium carbonate
(MgCOs3) was employed as a slag-reducing agent except in the comparative. Calcium carbonate
(CaC0s) and aluminum nitrate nonohydrate were employed alternately as second slag-reducing

ingredients except in the control.

The coal and the slag-reducing ingredients were blended in a hopper. Specimens were
collected and tested for fusion temperature (final fusion temperature) according to ASTM Ash

Fusion Temperature.

The fusion temperatures for the coal only and for coal + MgCOs were comparable. In
contrast, the fusion temperatures of the mixtures of coal and two slag-reducing ingredients
(MgCOs and CaCO0:s) of the present disclosure were markedly higher by at least 100 °F compared
to the control with only one slag-reducing agent. The difference in fusion temperature
between mixtures with one versus two slag-reducing ingredients demonstrates the synergistic

effect of employing two slag-reducing ingredients. Results are set forth in Figure 1.

11
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Example 2

Mixtures of coal and combinations of slag-reducing ingredients of the present disclosure
were prepared and were burned in a coal-fired furnace. The efficacy of the combination of
calcium carbonate plus magnesium carbonate versus magnesium carbonate only (control) was

evaluated.

The coal used was an ILB bituminous coal having a metals content falling with the
following ratios: an Si/Al ratio of about 2.19 to about 2.85; an Fe/(Si+Al) ratio of about 0.12 to
about 0.32; and a Ca/(Si+Al) ratio of about 0.04 to about 0.09. The slag-reducing ingredients
used were 1000 ppm Coal Treat 500 (CT-500) (magnesium carbonate) and 1500 ppm Coal Treat
600 (CT-600) (calcium carbonate) (both of EES, Inc.) based on the weight of the coal. In the
first portion of the run, both magnesium carbonate and calcium carbonate were added to the

coal. In the latter portion of the run, only magnesium carbonate was added to the coal.

Efficacy of slag reduction was evaluated using the tilt position (angle of position) of
burners in the furnace. The tilt position of burners is measured in degrees with a tilt of zero
degrees being a reference point when a burner is normal or perpendicular to a wall of the
furnace. When the burner is tilted upward, the angle is positive, and when the burner is tilted
downward, the angle is negative. The wall of the furnace contains heat exchange tubes
through which water is circulated. The heat from the furnace causes the water to form steam,
which is used to power a generator to generate electricity. When slag forms on the tubes, heat
transfer efficiency to the tubes is diminished. To compensate for the diminished efficiency of
heat transfer, the control system within the furnace redirects the burner(s) upward to increase
the temperature in the upper section of the furnace. The more positive the tilt angle, the
greater the diminution in efficiency. A tilt angle of zero or negative indicates that slagging is

limited or none.

Fig. 3 shows a plot of the tilt angles of two burners in an operating furnace burning the

coal mixture described above. For much of the run, the coal contained both the magnesium

12
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carbonate and calcium carbonate slag-reducing ingredients and exhibited high levels of heat
transfer efficiency as indicated by the negative tilt angles or positive tilt angles in the vicinity of
zero. Later in the run, however, only magnesium carbonate was added to the coal (calcium
carbonate not added). As shown in Fig. 3, the tilt angles went mostly positive indicating that a
substantial degree of slagging had taken place on the tubes. Thus, the furnace operating with
reduced slagging and greater efficiency with the combination of magnesium carbonate and the

calcium carbonate than with the magnesium carbonate only.

It should be understood that the foregoing description is only illustrative of the present
disclosure. Various alternatives and modifications can be devised by those skilled in the art
without departing from the disclosure. Accordingly, the present disclosure is intended to
embrace all such alternatives, modifications and variances that fall within the scope of the

appended claims.

13
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WHAT IS CLAIMED IS

1. A process for operating a coal-fired furnace to generate heat, comprising:
a) providing the coal to the furnace; and
b) combusting the coal in the presence of a first slag-reducing ingredient and a

second slag-reducing ingredient in amounts effective to reduce slag formation in the furnace,
wherein the first slag-reducing ingredient is one or more oxygenated magnesium

compounds, and wherein the second slag-reducing ingredient is selected from the group

consisting of one or more oxygenated calcium compounds, one or more oxygenated silicon

compounds, one or more oxygenated aluminum compounds, and combinations thereof.

2. The process of claim 1, wherein the one or more oxygenated magnesium
compounds is selected from the group consisting of magnesium carbonate, magnesium

hydroxide, magnesium sulfate, magnesium oxide, and combinations thereof.

3. The process of claim 2, wherein the one or more oxygenated magnesium

compounds is magnesium hydroxide or magnesium carbonate.

4, The process of claim 1, wherein the second slag-reducing ingredient is one or
more oxygenated calcium compounds selected from the group consisting of calcium oxide,

calcium hydroxide, calcium carbonate, calcium nitrate, and calcium acetate.

5. The process of claim 1, wherein the second slag-reducing ingredient is one or
more oxygenated aluminum compounds selected from the group consisting of aluminum

nitrate, aluminum oxide, and aluminum hydroxide.

6. The process of claim 1, wherein the second slag-reducing ingredient is one or
more oxygenated silicon compounds is selected from the group consisting of silicon dioxide,

silicon monoxide, siloxanes, silanols, silanediols, silicic acids.

7. The process of claim 1, wherein the coal is a bituminous coal.

14
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8. The process of claim 1, wherein the first and second slag-reducing ingredients
are added to the coal at up to about 2000 ppm by weight based upon the weight of the coal as

received.

9. The process of claim 1, wherein the first and second slag-reducing ingredients
are present at about 100 to about 1000 ppm by weight based upon the weight of the coal as

received.

10. The process of claim 1, wherein the ratio of the first slag-reducing ingredient to

the second slag-reducing ingredient ranges from about 95:5 to about 60:40.

11. The process of claim 1, wherein the ratio of the first slag-reducing ingredient to

the second slag-reducing ingredient ranges from about 90:10 to about 80:20.

12. The process of claim 1, wherein rate of formation of slag is reduced by a factor of

about 10 to about 100 compared to the presence of the first slag-reducing ingredient alone.

13. The process of claim 1, wherein the first and second slag-reducing ingredients

are added to the coal prior to provision of the coal to the furnace.

14. The process of claim 1, wherein the first and second slag-reducing ingredients

are added to the furnace.

15. The process of claim 1, wherein the ratio of the first slag-reducing ingredient to
the second slag-reducing ingredient added to the coal ranges from about 60:40 to about 40:60,
wherein the first slag-reducing ingredient is one or more oxygenated magnesium compounds,
wherein the second slag-reducing ingredient is one or more oxygenated calcium compounds,
wherein the coal exhibits an Si/Al ratio of about 2.19 to about 2.85; a Fe/(Si+Al) ratio of about

0.12 to about 0.32; and a Ca/(Si+Al) ratio of about 0.04 to about 0.09.
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16. A method for reducing slag formation in a coal-fired furnace, comprising
combusting coal in the furnace in the presence of a first slag-reducing ingredient and a second
slag-reducing ingredient in amounts effective to reduce slag formation in the furnace, wherein
the first slag-reducing ingredient is one or more oxygenated magnesium compounds, and
wherein the second slag-reducing ingredient is selected from the group consisting of one or
more oxygenated calcium compounds, one or more oxygenated silicon compounds, one or

more oxygenated aluminum compounds, and combinations thereof.

17. The process of claim 16, wherein the ratio of the first slag-reducing ingredient to
the second slag-reducing ingredient added to the coal ranges from about 60:40 to about 40:60,
wherein the first slag-reducing ingredient is one or more oxygenated magnesium compounds,
wherein the second slag-reducing ingredient is one or more oxygenated calcium compounds,
wherein the coal exhibits an Si/Al ratio of about 2.19 to about 2.85; a Fe/(Si+Al) ratio of about

0.12 to about 0.32; and a Ca/(Si+Al) ratio of about 0.04 to about 0.09.

18. A method for treating coal, comprising: adding to the coal an amount of a first
slag-reducing ingredient and an amount of a second slag-reducing ingredient, wherein the first
slag-reducing ingredient is one or more oxygenated magnesium compounds, and wherein the
second slag-reducing ingredient is selected from the group consisting of one or more
oxygenated calcium compounds, one or more oxygenated silicon compounds, one or more

oxygenated aluminum compounds, and combinations thereof.

19. The method of claim 18, wherein the ratio of the first slag-reducing ingredient to
the second slag-reducing ingredient added to the coal ranges from about 60:40 to about 40:60,
wherein the first slag-reducing ingredient is one or more oxygenated magnesium compounds,
wherein the second slag-reducing ingredient is one or more oxygenated calcium compounds,
wherein the coal exhibits an Si/Al ratio of about 2.19 to about 2.85; a Fe/(Si+Al) ratio of about

0.12 to about 0.32; and a Ca/(Si+Al) ratio of about 0.04 to about 0.09.
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19. A treated coal, comprising the coal and an amount of an externally introduced
first slag-reducing ingredient and an amount of an externally introduced second slag-reducing
ingredient, wherein the first slag-reducing ingredient is one or more oxygenated magnesium
compounds, and wherein the second slag-reducing ingredient is selected from the group
consisting of one or more oxygenated calcium compounds, one or more oxygenated silicon

compounds, one or more oxygenated aluminum compounds, and combinations thereof.

20. The treated coal of claim 19, wherein the ratio of the first slag-reducing
ingredient to the second slag-reducing ingredient added to the coal ranges from about 60:40 to
about 40:60, wherein the first slag-reducing ingredient is one or more oxygenated magnesium
compounds, wherein the second slag-reducing ingredient is one or more oxygenated calcium
compounds, wherein the coal exhibits an Si/Al ratio of about 2.19 to about 2.85; a Fe/(Si+Al)

ratio of about 0.12 to about 0.32; and a Ca/(Si+Al) ratio of about 0.04 to about 0.09.

21. A process for operating a coal-fired furnace to generate heat, comprising:
a) providing the coal to the furnace; and
b) combusting the coal in the presence of a first slag-reducing ingredient and a

second slag-reducing ingredient in amounts effective to reduce slag formation in the furnace,
wherein the first slag-reducing ingredient is one or more oxygenated silicon compounds,
and wherein the second slag-reducing ingredient is one or more oxygenated aluminum

compounds.

22. A method for reducing slag formation in a coal-fired furnace, comprising
combusting coal in the furnace in the presence of a first slag-reducing ingredient and a second
slag-reducing ingredient in amounts effective to reduce slag formation in the furnace, wherein
the first slag-reducing ingredient is one or more oxygenated silicon compounds, and wherein

the second slag-reducing ingredient is one or more oxygenated aluminum compounds.
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