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(57) Abréegée/Abstract:
The present invention relates generally to the field of emission control equipment for boilers, heaters, kilns, or other flue gas-, or
combustion gas-, generating devices (e.g., those located at power plants, processing plants, etc.) and, in particular to a new and
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(57) Abrege(suite)/Abstract(continued):

useful method and apparatus for preventing the poisoning and/or contamination of an SCR catalyst. In another embodiment, the

method and apparatus of the present invention Is designed to protect an SCR catalyst, while simultaneously providing emission
control.
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ABSTRACT

The present invention relates g'enera-lly to the field of emission control equipment
for boilers, heaters, kilns, or other flue’gas-, or combust'ion gas-, generating devices
(e.g., those located at power plants, processing plants, etc.) and, in particular to a new
and useful method and apparatus for preventing the poisoning and/or contamination of
an SCR catalyst. In another embodiment, the method and apparatus of the present
invention is designed to protect an SCR catalyst, while simultaneously providing

emission control.
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SYSTEM AND METHOD FOR PROTECTION OF SCR CATALYST
AND CONTROL OF MULTIPLE EMISSIONS

RELATED APPLICATION DATA
{0001] This patent a'pplication claims priority to United States Provisional Patent
Application No. 61/1 71,619 filed April 22, 2009 and titled ‘System and Method for
Protection of SCR Catalyst.™ The complete text of this application is hereby

incorporated by reference as though fully set forth herein in its entirety.

FIELD AND BACKGROUND OF THE INVENTION

1. Field of the Invention |
[0002] The present invention relates generally to the field of emission control

equipment for boilers, h_.eaters, kilns, or other flue gas-, or combustion gas-, generating

devices (e.g., those located at power plants, processing plants, efc.) and, in particularto -

a new and useful method and apparatus for reducing or preventing the poisoning and/or
contamination of an SCR cataIySt. In another embodimént, the method and apparatus

of the present invention is designed to protect the SCR catalyst.

2. Description of the Related Art
[0003] NO, refers to the cumulative emissions of nitric oxide (NQO), nitrogen
dioxide (NO;) and trace quantities of other nitrogen oxide species generated during
combustion. Combustion of any fossil fuel generates some level of NOX due to high
\tem'peratures and the availability of oxygen and nitrogen from both ihe air and fuel. NOX
emissions may be controlled using low NOx combustion technology and post-
combustion techniques. One such post-combustion technique involves selective

catalytic reduction (SCR) systems in which a catalyst facilitates a chemical reaction

- between NO, and a reagent (usually ammonia) to produce molecular nitrogen and water

vapor. |
[0004] SCR technology is used worldwide to control NO, emissions from

combustion sourées. This technology has been used widely in Japan for NOy control
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from utility boilers since the late 1970's, in Germany since the late 1980's, and in the US

since the 1990's. Industrial scale SCRs' have been designed to operate principally in
the temperature range of 500°F to 900°F, but most often in the range of 550°F to 750°F.
SCRs are typically designed to meet a specified NO, reduction efficiency at a maximum
allowable ammonia slip. Ammonia slip is the concentration, expressed in parts per
million by volume, of unreacted ammonia exiting the SCR. ‘ .

- [0005] For additional details concerning NOy removal technologies used in the
industrial and power generation industries, the reader is referred to Steam/its generation
and use, 41%' Edition, Kitto and Stultz, Eds., Copyright 2005, The Babcock & Wilcox
Company, Barberton, Ohio, U.S.A., particularly Chapter 34 - Nitrogen Oxides Control,
the text of which |s hereby incorporated by reference as though fully set forth herein.
[0006] Regulations issued by the EPApromise to increase the portion of utility
boilers equipped with SCRs. SCRs are generally designed for a maximum efficiency of
' aboUt 90%. This limit is not set by any theoretical limits on the capability of SCRs to
achieve higher levels of NOy destruction. Rather, it is a practical limit set to prevent
excessive levels of ammonia slip. This problem is explained as follows.

[0007] In an SCR, ammonia reacts with NOy according to one or more of the

following stoichiometric reactions (a) to (d):

ANO + 4NH; + O, — 4N, + 6H,0 . - -(a)
12NO, + 12NH; — 12N, + 18H,0 + 30; (b)
2NO; + 4NH; + Oz — 3N, + 6H,0 (c)
NO ¥ NO; + 2NH3 — 2N, + 3H,0 (d).
[0008] The above catalysis reactions occur using a suitable cétalyst. Suitable

catalysts are discussed in, for example, United States Patent Nos. 5,540,897;
2,967,394, and 5,585,081 to Chu et al, all of which are hereby incorporated by
reference as though fully set forth herein. Catalyst formulations generally fall into one of

three categories: base metal, zeolite and precious metal.



CA 02701254 2010-04-21

-3 -

[0009] Base metal catalysts use titanium okide with small amounts of vanadium,
molybdenum, tungsten or a combination of several other active chemical agents. The
base metal catalysts are selective and operate in the specified tempe-rature range. The
major drawback of the base metal‘ catalyst is its potential to oxidize SO, to SOg3; the
degree of oxidation varies based on catalyst chemical formulation. Thé quantities of
SO, which are formed can react with the ammonia carryover to form various
ammonium-sulfate salts.

[0010] Zeolite catalysts are aluminosilicate materials which function similarly to
base metal catalysts. One potential advantage of zeolite catalysts is their higher
operating temperature of about 970°F (521'°C). These catalysts can also oxidize SO; to

SO; and must be carefully matched to the flue gas conditions. .
[0011] Precious metal catalysts are generally manufactured from platinum and

rhodium. Precious metal catalysts also require careful consideration of flue gas
constituents and operating temperatures. ~ While effective In reducing NOy, these
catalysts can also act as oxidizing catalysts, converting CO to CO; under proper

temperature condltlons However, SO, oxidation to SO3 and high matenal costs often

make precious metal catalysts less attractive.
[0012] As is known to those of skill in the art, various SCR catalysts undergo

poisoning when they become contaminated by various compounds including, but not
imited to, certain phosphorus compounds such as phosphorous oxide (PO) or

phosphorous pentoxide (P20s5).
[0013] More partlcularly, as the SCR catalysts are exposed to the dust laden flue

gas there are numerous mechanlsms including blinding, masking and poisoning that
deactivates the catalyst and causes a decrease in the catalyst's performance over time.
The most common catalys't poison encountered when burning eastern domestic coal
(i.e., coal mined in the eéstern United States) is arsenic. The most common catalyst
poison encountered when burning western domestic coal (i.e., coal mined In the
western United States) is phosphorus and calcium sulfate is the most common masking
mechanism. One method of recycling the used catalyst I1s the process called

regeneration washing or rejuvenation. The initial steps of the regeneration process
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involve the removal of these toxic chemicals by processing the catalysts through various
chemical baths in which the poisons are soluble. While this treatment process does an
excellent job of removing the desired poisons it produces wastewater with very high
arsenic concentrations. | -

'[001'4] In another situation, Powder River Basin/Lignite coal plants, any
coal/biomass co-combustion, or any coal/lbone meal co-combustion or even pure
biomass combustion power' plants will suffer from phosphorus contamination of their

SCR catalysts.
[0015] Additionally, beyond controlling NOy emissions, other emission controls

must be considered and/or met in order to cOmpIy with various state, EPA and/or Clean
Air Act regulations. Some other emission controls which need to be considered for
boilers, heaters, kilns, or other flue gas-, or combustion gas-, generating devices (e.g.,
those located at power plants, processing plants, etc.) include, but are not limited to,

mercury, SOy, and certain particulates.

[0016] Given the above, a need exists for a method that provides for any
economical and environmentally suitable method and/or system to remove the gaseous
phosphorus from a combustion process prior to any phosphorus compounds poisoning

‘a catalyst in an SCR.

SUMMARY OF THE INVENTION ,

[0017] The present invention relates generally to the field of emission control
equipment for boilers, heaters, kilns, or other flue gas-, or combustion gas-, generating
devices (e. g those located at power plants, processing plants, etc.) and., in particular té
a new and useful method and apparatus for reducing or preventing the poisoning and/or
contamination of an SCR catalyst. In another embodiment, the method and apparatus
of the present invention is designed to protect an SCR catalyst.

- [0018] Accordingly, one aspect of the present invention is drawn to a method for
increasing the active life of an SCR catalyst, the method comprising the steps of (a)

providing at least one Iron-bearing compound to a combustion zone or flue gas stream

of a furnace, or boiler, prior to entry of the flue gas into an SCR; and (b) permitting the
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at least one iron-bearing compound to react with any gaseous phosphorus compounds,
or phosphorus-containin'g COmp0unds, present in the cbmbustion zone or flue gas'prior
to the entry of the flue gas into the SCR.

[0019] In yet another aspect of the present invention, there is provided a method
for increasing the active life of an SCR catalyst, the method comprising the steps of. (i)
providing at least one iron-béaring compound to a combustion zone of a furnace or
boiler; and (ii) permitting the at least one iron-bearing compound to react with any
gaseous phosphorus compounds,'or phosphorus-containing compounds, presenf in the
combustion zoné prior to the entry of the flue gas into an SCR, wherein the iron-bearing
compound is selected from one or more iron (ll) halides, iron (lll) halides, iron (lli)
jodate, iron (lll) oxide, iron (ll) carbonate, or mixtures of two or more thereof

[0020] In yet another aspect of the present invention, there is provided a method
for sequestering one or more phosphorus compounds, or phosphorus-containing
compounds, in the form of one or more less reactive iron-phosphorus-containing
compounds, the method comprising the steps of: (A) providing at least one Iron-bearing
compound to a combustion zone or flue gas stream of a furnace, or boller; and (B)
permitting the at least one iron-bearing compound to react with any gaseous
phosphorus compounds, or phosphorus-containing compounds, present Iin the
combustion zone -or flue gas to form one or more less reactive iron-phosphorus-
* containing compounds. '

[0021] ~ In yet another aspect of the present invention, there is' provided a method
for increasing the active life of an SCR catalyst while concurrently cbntrolling mercury In
a gas, the method comprising the steps of: providing at least one iron-bearing halide
compound to é combustion zone or flue gas stream of a furnace, or boiler, prior to entry
of the flue gas into an SCR; permitting the iron porﬁon of the at least one iron-bearing
halide compound to react with any gaseous phosphorus compounds, or phosphorus-
containing compounds, 'present in the combustion zone or flue gas prior to the entry of
the flue gas into the SCR; and permitting the halide portion of the at least one iron-

bearing halide compound to react with any gaseous mercury compounds, or me'rcury-

containing compounds, present in the combustion zone or flue gas.
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[0022] In yet another aspeCt of the present invention, there is provided a method
for sequestering one or more phosphorus compounds, or phosphorus-containing
compounds, Iin the form of one or more less reactive iron-phosphorus-containing
compounds while concurrently sequestering mercury, the method comprising the steps
of: prt)viding at least one iron-bearing halide compound to.a combustion zohe or flue
gas ‘stream of a furnace, or boi'ler; permitting the iron portion of the at least one iron-
bearing halide compound to react with any gaseous phosphorus compounds, or
phosphorus-containing compounds, present in the combustion zone or flue gas to form
one or more less reactive iron-phosphorus-containing compounds; and permitting the
“halide portion of the at least one iron-bearing halide compound to react with any
gaseous mercury compounds, or mercury-containing compounds, present in the

combustion zone or flue gas.

[0023] The various features of novelty which characterize the invention are
pointed out with particularity in the claims annexed to and forming a part of this
disclosure. For a better underétanding of the invention, its operating advantages and
specific benefits attained by its uses, reference is made to the accompanying drawings

and descriptive matter in which exémplary embodiments of the invention are illustrated.

BRIEF DESCRIPTION OF THE DRAWINGS
[0024] The sole FIGURE is a schematic representation of a typical fossil fuel
burning facility with an SCR system, and which includes a system for practicing the

methods of the present invention.

DESCRIPTION OF THE INVENTION
[0025] While the present invention will be described in terms of SCR systems
which use ammonia as the NOy reducing agent, since ammonia is frequently preferred
for economic reasons, the present invention is not limited to ammonia based systems.
The concepts of the present invention can be used in any system which uses an
ammoniacal compound. As used in the present disclosure,: an ammoniacal compound

is a term meant to include compounds such as urea, ammonium sulfate, cyanuric acid,
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and organic amines as well as ammonia (NH3). These compounds could be used as
reducing agents In addition to ammonia, but as mentioned above, ammonia is
frequently preferred for economic reasons. Some non-ammoniacal compounds such as
carbon monoxide or methane can be used as well, but with loss in effectiveness.

[0026] Although the present inventidn is described in relation to a boiler, or a
fossil fuel boiler, it is not limited solely thereto. Instead, the present invention can be
applied to ahy Combustion source that generates NO, regardless of whether such a
combustion source is utilized in conjunction with a boiler, or a steam generator. For
example, the present invention could be used in combination with a kiln, a heater, or
any other type of combustion process that generates, in whole or in part, a flue gas or
combustion gas containing NOy. Accordingly, the description below is to be construed
as me'rely exemplary. '

[0027] As illustrated in the FIGURE, the present invention may be applied to a
boiler installation which employs a wet flue gas desulfurization (WFGD or wet scrubber)
for removal of sulfur oxides from the flue gases, as shown in the upper right-hand side
of the FIGURE. In this configuration, the wet scrubber Is typically preceded (with
respect to a direction of flue gas flow through the system) by a particulate collection
device (PCD), advantageously a fabric filter (FF) bag house, or an electrostatic
precipitator'(ESP). If desired, thére may aiso be provided a wet electrostatic precipitator
(wet ESP or WESP) which may be pro'vided as a final "polishing" stage for fine
particulate or SOj;. Alternatively, the present ih\_/.ention rhay be applied to a system
which employs a spray dryer apparatus (SDA) or 'dry scrubber for removal of sulfur
oxides from the flue gases, as shown in the lower right-hand side of the FIGURE. In
this configuration, the SDA or dry scrubber is typically followed (with respect to a
direction of flue gas flow through the system) by a particulate collection device (PCD),
advantageously a fabric filter (FF) or baghouse, an electrostatic precipitator (ESP) or
even a wet electrostatic precipitator (wet ESP).

[0028] = Additionally, the present invention can be applied to any SCR catalyst that
IS adversely affected by poisoning with a phosphorus-based compound such as, but not

limited to, H3PO,4, PO or P,Os. As such, the present invention is not limited to any one
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type of SCR catalyst, but rather is broadly applicable to a wide range of SCR catalyst
systems. Suitable catalyst systems for which the present invention is applicable

include, but are not limited to, honeycomb, plate or corrugated type configurations.

[0029] “In one embodiment, the present invention is directed to reducing the rate
of SCR catalyst deactivation on Powder River Basin (PRB) coal combustion units. It
should be noted that although the present invention is described in relation to PRB coal,
the present invention is not limited thereto. Rather, the preSent— iInvention Is broadly
applicable to any situation where an SCR catalyst is poisoned by one or more gaseous
phosphorus compounds.

[0030] In one embodiment, phosphorOus In PRB coal i1s suspected to cause rapid
deactivation in staged combustion and other units. This deactivation is suspected to be
caused by the gas phase phosphorus released via carbothermic reduction reaction. In
~ this reaction under oxygen deficient conditions, phosphorUS bearing compounds release

gas phase phosphorus by the following reaction:
P.Os (solid phase compounds) + 3C(s) — 2PO(g) + 3CO(g).

[0031] This gas phase phosphorous attaches to the active sites within the
catalyst causing the deactivation of the sites for NOy reduction. As a result of this
deactivation the SCR catalyst cannot carry out the NOy reduction process to the same

performance level as unused catalyst.

[0032] In one embodiment, the present invention relates to a system and method
to prevent formatioﬁ of gas phase phosphorus species in the combustion environment
thus reducing, mitigating and/or eliminating the rate of SCR deactivation. In one
embodiment, the present invention accomplishes the aforementioned goal by the
addition of at least one iron-bearing compound to. the PRB coal prior to combdstio‘n.

[0033] In one embodimeht, the iron-bearing compounds of the present invention
IS any iron compound (e.g., an iron oxide compound) that is able to undergo reduction in
the combustion environments common to boilers, furnaces, power plants, etc. In one

pérticular embodiment, the iron-bearing compound is iron (lll) oxide (Fe,0O3), also known
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as red iron oxide or hematite. In the embodiment where iron (lll) oxide is utilized the

reactions of interest that occur in the combustion portion of a boiler or furnace are as

shown below:

~ 3Fe;04(s) + CO(g) — 2Fes04(s) + COx(g) (1)
FesO4(s) + CO(g) — 3FeO(s) + COxg)  (2)

[0034] . It should be noted that the Fe;O,, also known as black iron oxide or
magnetite, of the first reaction above can also be written more accurately as
FeO+*Fe,O3;. The FeO or iron (ll) oxide, also known as ferrous oxide, which Is generated
due to the reduction of Fe,Os is then available to tie-up, bind and/or sequester any PO
gas present in the combustion zone, or the flue gas, of a boiler, or furnace, prior to
arrival at the SCR. This PO gas will then form Fe-P compounds in particulate phase
prior to arrival at the SCR. The particulate will pass through the catalyst and avoid the

catalyst deterioration.
[0035] In another embodiment, the present invention can utilize iron (ll)

carbonate which is converted to the desired iron (i) oxide In the combustion zone via

the reaction shown below:
FeCOs(s) — FeO(s) + COz(g) (3).

[0036] In still another embodiment, the present invention can utilize one or more
iron halides. Suitable iron halides include, but are not limited to, iron (II*) bromide, iron
(H1) bromide, iron (ll) chloride, iron (lll) chloride,. iron (lI) iodide, iron (lll) iodate
(Fe(I03)3), or any mixture of two or mare thereof. In still another embodiment, any one
or more iron halides can be used in combination with another non-halide containing iron
compound (e.q., iron (ll) carbonate). In still another embodiment, the present invention
utilizes a combination of iron (I1) bromide and/or iron (Ill) bromide with iron (Il) carbonate
to control the amount of phosphorous in a flue gas, or combustioh gas while

concurrently permitting the control of mercury compounds, or mercury-containing
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compounds, in a flue gas, or combustion gas. As used herein, mercury compounds, or
mercury-containing compounds, include, but are not limited to, 'any compound that
contains either oxidized merc*ury, or bound elemental mercury. In still another
embodiment, the present invention is directed to concurrently permitting the control of
mercury compounds, or mercury-containing compounds, that contain primarily, or only,
oxidized mercury. AS used herein any i\ron compound, halide or otherwisé, can be
utilized in a hydrated or non hydrated form. As such, reference to any iron compound
herein by déﬁnition includes any hydrated forms that exist whether or not specifically
mentioned by chemical formula.

[0037] As Is known In the art, (see, e.g, 'United States Patent Application
Publication No. 2008/0107579 the text of which is hereby incorporated by reference as
though fully set forth herein) halide-containing compounds are utilized to oxidize
elemental mercury present in a flue, or combustion, gas. Due to this oxidation reaction,
the halide portion of a suitable halide-containing compound permits elemental mercury
to be converted into a more favorable form for subsequent capture, or sequestration, via
one or more suitable environmental control technologies (e.g., a wet scrubber or spray
dry absorber (SDA), a flue gas desulfurization system (FGD), a powdered .activated
carbon system (PAC), or a particulate collecting system such as a fabric filter (FF) or a
electrostatic p-r‘écipitator (ESP)). In one instance, as Is known in the art, the addition of
one or more suitable halide-containing'compounds also increases the amount of
mercury that is particulate-bound. Given that numerous patents and published
applications detail the manner by which suitable halide-containing compounds permit
~ the increased recovery of mercury from a flue, or combustion, gas, a detailed discussion
hereof is omitted for the sake of brevity.

[0038] In any of the above embodiments, the suitable iron-bearing compound can
be added to the coal in the pulverizer. In still another embodiment, the iron-bearing

compound of the present invention can be added to the combustion zone of a boiler
and/or furnace via a suitable supply line designed to deliver a powderized iron-bearing
compound to the combustion zone of a furnace and/or boiler. To this end, the FIGURE
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llustrates several embodiments of suitable design schemes for accomplishing this
result. '

[0039] Referring to the FIGURE, there is illustrated a schematic representation of
a typical fossil fuel burning facility, generally designated 10, with an SCR System, and
which includes a system for practicing the methods of the present invention. As shown,
boiler 12 is provided fdr extracting the heat from the combustion of a fossil fuel, such as
coal, through combustion with an oxidant, typically air. The heat is transferred to a
working fluid, such as water, to generate steam used to either generate power via
expansion through a turbine generator apparatus (not shown) or for industrial processes
and/or heating.

[0040] The raw coal 14 must be crushed to a desired fineness and dried to
facilitate combustion. Raw coal 14 .is temporarily stored In a coal bunker 16 and then
transferred by means of a gravimetric of volumetric feeder 18 to one or more coal
pulverizers 20. In the embodiment shown in the FIGURE, the(e are six (6) coal
pulverizers, identified as Coél pulverizers A - F. As is known to those skilled in the art,
each coal pulverizer 20 grinds the coal to a desired fineness (e.g., 70% through 200
mesh) and as it is ground, hot primary air from primary air fans (not shown) is conveyed
into each coal pulverizer 20 to preheat and remove moisture from the coal to desired
levels as It is ground. The primary air is also used to'convey the pulverized coal (PC)
out of each coal pulverizer 20 and delivers it along a plurality of pulverized coal supply
Iinés (one such burner line is identified at A in the FIGURE; a single coal pulverizer 20
may supply coal through 4 - 8 pulverized coal supply lines) to the burners 22 on the
front and rear walls of the boiler 12. .Typically,‘the burners 22 are located in spaced
elevations on one or both of the opposed front and rear walls of the boiler 12, or at the
corners of the boiler in installations known as corner-fired or tangentially-fired units (not
shown). The present invention can be utilized in conjunction with, but is not limited
solely to, single-wall fired, oppoSed-walI fired and corner- or tangentially-fired units.
Typically, a single coal pulverizer 20 only provides coal to a single elevation of burners

22 on awall. Thus, in the embodiment shown in the FIGURE, the six coal pulverizers A

- F supply corresponding burner elevations A - F. However, as is known to those skilled
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in the art, other pulverizer and burner configurations are known (e.g., single pulverizers
supplying burners on multiple walls and/or elevations or multiple puiverizers supplying '
burners on a single elevation) and the present invention applies to any such
configurations. _

[0041) The combustion process begins in the burner zone 24 of the boiler 12's
furnace 26, releasing heat and creating hot flue gas 28 which is conveyed upwardly to
the upper portion 30 of the boiler 12, across heating surfaces schematically indicated as
rectangles 32. The flue gas 28 is then conveyed across the heating surfaces in the
pendant convection pass 34, into the upper portion 36 of the horizontal convebtion pass
38. The flue gas 28 is then conveyed through a selective catalytic reduction (SCR)
apparatus 40 where NOy in the flue gas is reduced, and then through primary and
secondary air heater devices schematically indicated at 42. The air heaters 42 extract
additional heat 'from the flue gas 28, lowering the temperature of the flue gas;‘, and

preheat the incoming air used for combustion.
[0042] As lllustrated in the FIGURE, and downstream of the air heaters 42, the

flue gas 28 undergoes further treatment for the removal of particulates and sulfur
oxides. Two typical configurations of the downstream equipment employed to
accomplish these tasks are shown on the right-hand side of the FIGURE. The upper
~ equipment configuration in the FIGURE comprises a particulate collection device (PCD)
schematically indicated at 44, for removal of particulates from the flue gas 28, and
which may compfis.e In practice,_,a fabric filter or an electrostatic precipitator.
Downstream of the PCD 44 there is provided a wet flue gas desulfurization (WFGD)
device, also kn'own as a wet scrubber, for removal of sulfur oxides from the flue gas 28.
The cleaned, scrubbed flue.gas may (op'tionally) be conveyed through a wet ESP 47 for
removal of fine partiéulate or SOz, and then conveyed to stack 48 for discharge to the
~atmosphere.

[0043] The lower equipment configuration in the FIGURE comprises a spray
dryer apparatus (SDA) schematically indicated at 50, also known as a dry scrubber, for

removal of suifur oxides from the flue gas 28. Downstream of the SDA 50 there is

provided a particulate collection device (PCD) 44, as described ébove, for removal of
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~particulates from the flue gas 28. The cleaned, scrubbed flue gas is theh conveyed to
stack 48 for discharge to the atmosphere. '

[0044] In order to further reduce NOy emissions, some boilers 12 employ staged
combustion wherein only part of the stoichiometric amount of air is provided in the main
burner zone 24, with the balance of the air for combustion, together with any excess air
‘required due to the fact that no combustion process is 100% efficient, is provided above
the burner zone 24 via over fire air (OFA) ports 52. If staged combustion is employed in
a boiler 12, due to the reduced air supplied to the burner zone 24, a reducing
atmosphere is ereated in the lower portion of the furnace 26, including the hopper
region 54. _

[0045] In accordance with a first embodiment of the present invention, a suitable
i'ron-bearing compound is added to the one or more coal pulverizers 20 prior to'
supplying the pulverized 'coal to the one or more burners 22. ' The system "and
apparatus for accomplishing this desired result is also shown in the FIGURE, generally
design'at_ed 100. The system 100 comprises a storage means 120 for temporarily
Storing the phosphorous reduction compound, generally designated 110; delivery
means 130, 135 for conveying the compound 110 to a desired location, including
valves, Seals etc. as required,; and control means 150, advantageously microprocessor-
based control means, which are accessed via an operator via human operator interface
(I/O) statlon 160 which includes display and data collection and storage means as
required. - In the FIGURE, the raw coal 14 to which the phosphorous reducing
',compo'und 110 has been added is referred to as 140. Advantageously, the
phosehorous reducing compound 110 may be provided along with the raw coal 14 via
the feeder 18, which permits close control and measurement of the delivery of both raw
coal 14 and phosphoro'us reducing compound 110 into the coal pulverizer"‘ZO.
Alternatively, the phosphorous reducing compound 110 may be provided directly into
the coal pulverizer 20 and/or directly into one or more individual burner lines A - F
providing the pulverized coal to individual burners 22, with suitable sealing devices
against the positive pressure within the coal pulverizer 20 or burner lines A - F. The

delivery means may be slurry-based or pneumatic as required by the particulars of the
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phosphorous reducing compound 110 and the amount and location of introduction into
the flue gas 28. An interconnected arrangement of cohtrol or signal lines 170, 180, 190
and 195 interconnect these various devices to prov'ide control signals, phosphorous
reducing compound 110 level signals, and phosphorous Ievdel signals in the flue gas 28
(from a sensor 200) to permit the introduction of the phosphorous reducing compound
110 into the flue gas 28 to be controlled by a human operator, or automatically
controlled. However, if a su.jitable, real-time sensor 200 for measuring levels of gaseous
phosphorous in the flue gas 28 is not available, flue gas samples may instead be taken
at the location 200 for later laboratory analysis via suitable test methods, which may be
inductively coupled plasma - mass spectrometry (ICP-MS). Based upon theilaboratory
results, a human operator could then use the operator interface 160 to manually input a
desired set-point into control means 150 for the amount of phosphorus reducing
compound 110 introduced into the flue gas 28. Provided that subsequent laboratory
analyses do not indicate any significant variation in gaseous phosphorus levels in the
- flue gas 28, there may be no need for real-time, close control of the introduction of
phosphorus reducing compound 110. Instead, the amount of phosphorUs reducing
compound 110 introduced into the flue gas 28 may be simply a function of boiler load or
coal feed rate values. ‘

[0046] In still yet another embodiment, the present invention utilizes iron (ll)
oxide. In this embodiment, the need for a reduction reaction to occur is eliminated and
the addition points for the iron (1) oxide of this embodiment are therefore broader then
previous embodiments. In this case, the iron (1) oxide can be added at any suitable
point post-combustion and pre-SCR in order to tie up, bin'd and/or sequester any PO
gas present in the flue gas of a boller, or furnace; prior to arrival at the SCR. In
particular, the phosphorous reduction compound can be supplied at one or more of the

locations G through Q shown in the FIGURE. More particularly, the phosphorous

reduction compound can also be provided into the flue gas 28 at one or more of the

following locations:

G: into or below the burner zone 24, in one or more of the front, rear or

side walls, via means separate from the burners 22;



CA 02701254 2010-04-21

-15 -

H-: Into the furnace 26 at a location above the burner zone 24, In one

or more of the front, rear or side walls:
, J: into the furnace 26 in the vicinity of or via the OFA ports 52 on one

or both of the front or rear walls:

K: into the boiler 12 in the pendant convection pass 34;

. into the boiler 12 in the upper portion 36 of the horizontal
convection pass 38;

M. N O, P. Intothe boiler 12 In the horizontal convection pass 38; and/or

Q: iInto the boiler 12 in the hopper region below the horizontal

convection pass 38.
[0047] Given the above, the reduced iron, or iron (II) oxide, of the present

Invention Is able to remove the gas phase phosphorus in the form of iron-phosphorus
alloys which upon coming in contact with the over fire air from iron-phosphorus oxide
compounds.  This signifiéantly reduces the amount of gas phase -phosphoru's
accumulation in an SCR catalyst. Another advantage of the present invention is that
through addition of iron a significant portion of any phosphorus 'present will be iron-
bound. Iron-bound phosphorus compound’s are less leachable thereby minimizing the
- transfer of phosphorus to an SCR catalyst. Furthermore, phosphorus associated with
and/or bound to an iron compound (e.g., ah iIron oxide) is more stable than ph’osphorus
that is associated with and/or bound to a calcium compound (e.g., calcium oxide).
‘Given this, the present invention is, In ohe embodiment, directed to the situation where
a majority of the phosphorus present in the combustion and/or flue stream is
'sequestered in a suitable iron-phosphorus-oxygen-containing compound thereby
substantially reducing the amount of caICium/phosphorus/oxygen-containing
compounds that are able to react with SO,. This in turn substan’tially' reduces the
amount of gaseous phosphorus that is produced in the combustion and/or flue gas
stream by restricting the amount of calcium/phosphorus/oxygen-containing 'compounds

that are present in the combustion and/or flue gas stream to react with various SO,

compounds resulting in the unwanted production of gaseous phosphorus compounds,
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or phosphorus/oxygen compounds, that can lead to the undesired poisoning of an SCR
catalyst.

[0048] In still another embodiment, the iron-bearing compounds of the present
invention can be added in any suitable manner, including the manner detailed in the
FIGURE. Suitable iron-bearing compouhds include, but are not limited to, aqueous and
soluble forms of iron-bearing co]*npounds such as iron halides (e.g., iron chlorides, iron
bromideS, iron iodide, or iron iodate), metallic iron, one or more iron oxides, iroh
carbonate, or mixtures of two or more thereof. If an existing skid is used then an
aqueous reageni can be pumped via positive displacement pumps from a storage tank
to the one or more coal feeders where the reagent is sprayed on the coal as the coal
passes on a feeder belt upstream of the pulverizers.

[0049] In one embodiment, the pfesent invention is advantageous in that it Is
-applicable to both existing SCRs (retrofits) and new SCRs. Additionally, the present
'invention can be applied to plants that utilize biomass as a fuel source. In one
embodiment, implementation of the present invention can be accomplished in a cost-
effective manner utilizing low cost hardware designed to supply the necessary iron
compound to a combustion process. The present invention also does not affect the
current design of boilers and SCRs.

[0050] In onevembodiment, the amount of iron compound, or compounds, utiliz_ed'
in conjunction with the present invention varies depending upon the phosphorus content
in the coal to be burned. As Is known to those of skill in the art, the phosphorus content
~of coal can be determined by various known methods. Thus, in this instance, the
present ihvention IS not-li;nited to any one range of iron compounds that are utilized.
Instead, a stoichiometric ratio is utilized. In one embodiment, the stoichiometric ratio of
iron to phosphorus is in the range of about 1:3 to about 3:1, or from about 1:2 to about
2:1, or from about 1:1.5 to about 1.5:1, or from about 1:1.25 to about 1.25:1, or even

about 1:1. Here, as well as elsewhere in the specification and claims, individual range

values can be combined to form additional and/or non-disclosed ranges.

[0051] In another embodiment, the amount of iron compound, or compounds,

utilized in conjunction with the present invention is within a given range when the coal
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utilized is Powder River Basin/Lignite coal. In this embodiment, the amount of the iron
compound, or compounds, to Powder River Basin/Lignite coal is expressed as the
amount of iron compound, or compounds, (hereinafter referred to as just "iron" in only
this Iinstance) in pounds for ev\ery 1,000 pounds of coal. In one embodiment, the

amount of iron compound, or compounds, utilized is in the range of about 0.7 pounds of

“iIron" per 1,000 pounds of coal to about 6 pounds of "iron" per 1,000 pounds of coal. In

another embodiment, the amount of iron compound, or compounds, utilized is in the
range of about 1 pound of "iron" per 1,000 pounds of coal to about 5.5 pounds of "iron"
per 1,000 pounds of coal, or from about 1.5 pounds of "iron" per 1,000 pounds of coal to
about 5 pounds of "iron" per 1,000 pounds of coal, or from about 2 pounds of “iron" per
1,000 pounds of coal to about 4.5 pounds of "iron" per 1,000 pounds of coal, or from
about 2.5 pounds of "iron" per 1,000 pounds of coal to about 4 pounds of "iron" per
1,000 pounds of coal, or from about 3 pounds of "iron" per 1,000 pounds of coal to
about 3.5 pounds of “iron" per 1,000 pounds of coal. Here, as well as elsewhere in the
specification and claims, individual range values can be combined to form additional
and/or non-disclosed ranges. ‘ |

[0052] In another embodiment, where both iron (Il) bromide and iron (ll)
c_:arbonate is to be utilized for controlling various compounds in a flue gas, or
combustion gas, of a 100 MWe coal power plant the injection rate for the iron (If)
carbonate Is as discussed above while the iron (Il) bromide is éUpplied as a solution and
at an amount in the range of about 0.25 gallons per hour to about 10 gallons per hour,
or from about 0.5 gallons per hour to about 5 gallons per hour, or even from about 1
gallon per hour to about 4 gallons per hour. In another embodimeht, where just.an iron

halide is utilized (e.g., iron (lI) bromide and/or iron (lII) bromide) the amount of iron

halide supplied to the flue gas, or combustion gas, is sufficient to yield a concentration
of bromide between about 10 ppm to about 200 ppm, or from about 25 ppm to about
175 ppm, Or from about 50 ppm to about 150 ppm. It should be noted that depending
upon the emissions control technology in place on the device generating the flue gas, or
combustion gas, it may be desirable to use a lower bromide concentration in order to

prevent any type of detrimental effects to such downstream emissions technology. In
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one embodiment of such an instance the concentration of bromide is between about 10

ppm to about 125 ppm, or from about 25 ppm to about 100 ppm, or from about 50 ppm
to about 75 ppm. Here, as well as elsewhere in the specification and claims, individual
range values (even from different embodiments) can be combined to form additional
and/or non-disclosed ranges.

[0053] In light of the above, one of skill -in the ért would recognize that the amount
of iron compounds necessary to supply the desired amount of iron and halogen to a flue
gas, or combustion gas, in accordance with the process of the present invention will
vary depending upon the size of the device generating such flue gas, or combustion
gas. Thus, the present inventioh Is not limited to any specific rate or range of supply.
[0054] In another embodiment, for a 100 MWe coal power plant the amount of
iron (lI) bromide solution (25 ‘weight pefcent solution) supplied to the flue gas, or
combustion gas, is-in the range of about 0.25 gallons per hour to about 6 gallons per
hour, or from 0.5 gallons per hour to about 5 gallons per. hour, or even from gallon per
hour to about 4 gallons per hour. Here, as well as eIseWhere In the specification and
claims, individual range values can be combined to' form additional and/or non-disclosed
ranges. However, as is noted above, the present invention is not limited to solely these
supply rates. Rather, any supply rate can be used in order to achieve the desired
~ concentration of bromide and/or iron. As would be apparent to one of skill in the art,
~ other additional factors can impact the amount of iron-bearing compounds supplied in
cdnnectioh with -the various embodiments of the present invention. Such_ﬁadditional_
factors include, but are not limited to, the amount and/or type of phosphorus present in
th'e coal, or other combustible fuel, the size and/or output of the boiler, heater, kiln, or
other flue gas-, or combustion gas-, generating device; and the desired stoichiometric -
ratio to be achieved; the type and/or manner of combustion, the typé and/or
arrangement of any applicable equipment or structure.

[0055] - In another embodiment, the one or more iron compounds utilized in
conjunction with the present invention can be of any particle size and/or particle
geometry. Suitable particle geometries 'include, but are nbt limited to, spherical,
platelet-like, irregular, elliptical, oblong, or a combination of two or more different particle
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geometries. In one embodiment, the one or more iron compounds of the present
invention, if water soluble, can be supplied in solution form. In such an instance, a'
solution concentration of at least about 15 weight percent of the one or more water
soluble iron compounds is utilized. In another embodiment, a solution concentration of
at least about 20 weight percent, at least about 25 weight percent, at least about 30
weight percent, at least about 35 weight percent, at least about 40 Weight percent, at
least about 45 weight percent, or even at least about 50 weight percent of more of the
one or more water soluble iron compounds is utilized is utilized in conjunction with the
present invention. Here, as well as elsewhere in the specification and claims, individual
range values can be combined to form additional and/or non-disclosed ranges. As
would be appreciated by those ch skill in the ar, thé solution Concentration of anyoné or
more water soluble iron compounds should not, in one embodiment, exceed the
solubility amount for the one or more iron compounds.

[0056] In still another embodiment, the one or more iron compounds of the
present invention can be supplied in a powdered form, a'solution form, an aqueous
suspension form, or a combination thereof. In the case of an aqueous suspension, the
one or more iron compounds utilized in conjunction with the present invention should
have a suitable particle size. Additionally, even absent the desire to place the one or
more iron compounds of the present invention into an aqueous solution, the one or
more iron compounds should have a suitable particle size that facilitates a higher

degree of reactivity when placed into contact with a flue,ﬁ or combustion, gas. In one
embodiment, both of these conditions can be met, ‘whether individually or in

combination, by one or more iron compounds where at least about 95% of the particles
have a particle size of less than about 400 um (microns), where at least. about 95% of
~ the particles have a particle size of less than about 350 ym (microns), where at least
about 95% of the particles have a particle size of less than about 300 'pm (microns),
where at least about 95% of the particles have a particle size of less tnan about 250 ym
(microns), where at least about 95% of the particles have 3 particle size of less than
about 200 um (microns), or even where at least about 95% of the panicles have a

particle size of less than about 175 um (microns). Here, as well as elsewhere in the
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specifiCation and claims, individual range values can be combined to form additional

and/or non-disclosed ranges.

[0057] - Although not limited hereto, a suitable iron compound for use in
conjunction with the present invention is iron (ll) carbonate available from Prince Agri
Products (a subsidiary of Phibro Animal Health Corporation located in Ridgefield Park,
New Jersey). This iron (Il) carbonate is a powdered compound where at least about
95% of its'particles are less than 200 um (microns) in size. Additionally, the
concentration of iron (ll) carbonate in this product is about 80% by weight with
substantially all of the remaining 20 Weight percent being non-reactive in light of the use
here.

[0058] In the instance where an agueous suspension is utilized in conjunction
with the present invention, such an aqueous suspension can further comprise a suitable
amount of one or more anti-settling, suspension, thickening or emulsification agents.
Suitable anti-settling, suspension, thickening or emulsification agents include, but are
not limited to, sodium polyacrylates, carbomers, acrylates, inorganic thickening agents.
Other suitable anti-settling, suspension, thickening or emulsification agents are known
to those of skill in the art and as such a discussion herein is omitted for the sake of
brevity. In another embodiment, a suftable suspension or emulsification can be
achieved via agitation and.doés not necessarily require the use of one or more anti-
settling, suspension, thickening or emulsification agents. In another embodiment, a
combination of one or more anti-set'tling,‘_ suspension, thickening or emulsification
agents can be utilized in combination with agitation.

[0059] In still another embodiment, the one or more iron compounds of the
present invention should have a purity of at least about 50 weight percent, at least about
55 weight percent, at least about 60 weight percent, at least about 65 weight percent, at
least about 70 weight percent, at least about 75 weight percent, at least about 80 weight
perceht, at least about 85 weight percent, at least about 90 weight percent, at least
about 95 weight percent, or even at least about 99 weight percent or higher. Here, as

well as elsewhere in the specification and claims, individual range values can be

“combined to form additional and/or non-disclosed ranges.
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[0060] As for the portion of the one or more iron compounds that is not "an iron
compound,” such impurities should be non-reactive in the environments present in
conjunction with the present invention. Alternatively, if reactive, such impurities should
~ either be easily captured, removed and/or sequeStered, or should not add significantly
to any further contamination of any catalyst downstream. In still another embodiment,
thé amount of phosphorus-containing compound impurities in any of the one or more
iron compounds that are utilized in conjunction with the present invention should be less

than about 5 weight percent, less than about 2.5 weight percent, less than about 1

weight percent, less than about 0.5 weight percent, less than about 0.25 weight percent,

less than about 0.1 weight percent, or even less than about 0.01 weight percent. Here,
as well as elsewhere in the specification and claims, individual rénge values can be
combined to form additional and/or non-disclosed ranges. |In still yet another
embodiment, the amouot of phosphorus-containing compound impurities in any of the
one or more iron compounds that are utilized in conjunction with the present invention
should be zero. That is, in this embodiment the one or more iron compounds that are
utilized in conjunction with the present invention should be free from any phosphorus-
containing compounds.

[0061] While not wishing to be bound to any one theory, it is believed thé-t the
present invention exploits various preferential reaotion-s between phosphorous
-compounds, or phOsphorus-oontaining compounds, to sequester various phosphorous
compounds, or phosphorus-containing compounds that are detrimental to an increased
active, or service, life of an SCR catalyst. Thus, the reactions discussed herein are to
be construeo as non-li'miting in that other additional reactions may be occurring in the
combustion and/or flue gas stream. .
[0062] While specific embodiments of the présent iInvention have been shown
and deso_ribed in detail to illustrate the application and principles of the invention, it wil
be understood that it is not intended that the present invention be limited thereto and

that the invention may be embodied otherwise without departing from such principles.

In some embodiments of the invention, certain features of the invention may sometimes
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be used to advantage without a corresponding use of the other features. Accordingly,

all such changes and embodiments properly fail within the scope of the following claims.
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CLAIMS
‘What is claimed is:
1. A method for increasing the active life of an SCR catalyst, the method

comprising the steps of:
(a)  providing at least one iron-bearing compound to a combustion zone
or flue gas stream of a furnace, or b'oiler, prior to entry of the flue gas into an SCR; and
(b) permiﬁing the at least one iron-bearing compound to react with any
gaseous phosphorus compounds, or phosphorus-containing compounds, present in the

combustion zone or flue gas prior to the entry of the flue gas into the SCR.

2. The method of claim 1, wherein the iron-bearing compound is selected
from one or more iron halides, metallic. iron, one or more iron oxides, iron carbonate, or

mixtures of two or more thereof.

3. The method of claim 1, wherein the iron-bearing compound Is selected
from iron ('III) oxide, iron (ll) carbonate, iron (ll) oxide, or mixtures of two or more

| thereof.

4. The method of claim 1, wherein the iron-bearing compound is selected

- from iron (lll) oxide, iron (Il) carbonate, or a mixture thereof.

5. The method of claim 1, wherein the at least one i"ron-bearing compound is

provided to the combustion zone via addition to pulverized coal.

6. The method of claim 1, wherein the at least one iron-bearing compound is

provided to the combustion zone via a dedicated supply line.
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/. A method for incr_eaSing the active life of an SCR catalyst, the method

comprnising the steps of:
(1) providing at least one iron-bearing compound to a combustion zone

of a furnace or boiler; and .
(i) permitting the at least one iron-bearing compound to react with any

gaseous phosphorus compounds, or phosphorus-containing compounds, present in the

combustion zone prior to the entry of the flue gas into an SCR,

wherein the iron-bearing compound is selected from one or more iron (l1) halides,

iron (lil) halides, iron (lll) iodate, iron (llI) oxide, iron (il) carbonate, or mixtures of two or

more thereof.

8. The method of claim 7, wherein the at least one iron-bearing compound is

provided to the combustion zone via addition to pulverized coal.

9.  The method of claim 7, wherein the at least one iron-bearing compound is
prOVided to the combustion zone via a dedicated supply line either in aqueous or in

powdered form.

10. A method for sequestering one or more phosphorus compounds, or
phosphorus-containing compounds, in the form of one or more less reactive iron-
phosphorus-containing compounds, the method comprising the steps of: '
(A)  providing at least one iron-bearing compound to a combustion zone
or flue gas stream of a furnace, 6r boiler; and .
' (B) permitting the at least one irOn—bear_ing compound to react with any
gaseous phosphorus compounds, or phosphorus-containing compounds, present in the

combustion zone or flue gas to form one or more less reactive iron-phosphorus-

containing compounds.
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11.  The method of claim 10, wherein the iron-bearing compound is selected
from one or more iron halides, iron iodate, metallic iron, one or more iron oxides, iron

carbonate, or mixtures of two or more thereof.

12.  The method of claim 10, wherein the iron-bearing compound is selected
from iron (lll) oxide, iron (lI) carbonate, iron (i) oxide, or mixtures of two or more

thereof.

13.  The method of claim 10, wherein the iron-bearing compound Is selected
from iron (lll) oxide, iron (ll) carbonate, iron (ll) bromide, iron (lll) bromide, or a mixture

of two or more thereof.

14. The method of claim 10, wherein the at least one iron-bearing compound '

‘is provided fo the combustion zone via addition to pulverized coal.

15. The method of claim 10, wherein the at least one iron-bearing compound

is provided to the ‘combustion zone via addition to raw coal which is thereafter

pulverized.

16.  The method of claim 10, wherein the at least one iron-bearing compound

is provided to the combustjon zone via a dedicated supply line.

17 The method of claim 10, wherein the on-e or more less reactive iror;-.

phosphorus-containing compounds further contains oxygen.

18. A method for increasing the active life of an SCR catalyst while
concurrently controlling mercury in a gas, the method Comprising the steps of:
providing at least one iron-bearing halide compound to a combustion zone

or flue gas stream of a furnace, or boiler, prior to entry of the flue gas into én SCR;-
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permitting the iron portion of the at least one iron-bearing halid'e

compound to react with any gaseous phosphorus compounds, or phosphorus-

containing cbmpounds, present in the combustion zone or flue gas prior to the entry of
the flue gas into the SCR; and

' permitting the halide portion of the at least one iron-béaring halide

compound to react with any gaseous mercury compounds, or mercury-containing

- compounds, present in the combustion zone or flue gas.

19. The method of claim 18, wherein the iron-béaring halide compound Is
selected from iron (ll) bromide', iron (l1f) bromide, iron (l1) chloride, iron (lll) chloride, iron

(1) iodide, iron (lll) iodate, or mixtures of two or more thereof.

20. The method of claim 18, wherein the iron-bearing halide compound is iron

(1) bromide.

21.  The method of claim 18, further comprising supplying one or more non-
halogen-containing iron-bearing compounds in combination with the at least one iron-
bearing halide, where the one or more non-halogen-containing iro-ri-bearing compounds
are selected from iron (ll) oxide, iro-n (1) carbonate, iron (ll) oxide, or mixtures of two or

more thereof.

22. The method of claim 18, further comprising supplying iron (1) carbonate in

combination with the at least one iron-bearing halide.

23. The method of claim 18, further comprising supplying iron (11 carbonate'in

combination with one or more of iron (lI) bromide or iron (lii) bromide.
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24. A method for sequestering one or more phosphorus compounds, or
phosphorus-containing compounds, in the form of one or more less reactive Iron-
phosphorus-containing compounds while concurrently sequestering mercury, the

method comprising the steps of:
' providing at least one iron-bearing halide compound to a combustion zone

or flue gas stream of a furnace, or boiler;
permitting the iron portion of the at least one iron-bearing halide

compound to react with any gaseous phosphorus compounds, or phosphorus-

containing compounds, present in the combustion zone or flue gas to form one or more

less reactive iron-phosphorus-containing compounds;and .
permitting the halide portion of the at least one iron-bearing halide

compound to react with any gaseous mercury compounds, or mercury-containing

compounds, present in the combustion zone or flue gas.

25. The method of claim 24, wherein the iron-bearing halide compound is
selected from iron (ll) bromide, iron (1) bromide, iron (I1) chioride, iron (lil) chloride, iron

(ll) iodide, iron (lll) iodate, or mixtures of two or more thereof.

26.  The method of claim 24, wherein the iron-bearing halide compound is one

or more of iron (ll) bromide or iron (lil) bromide.

27. The method of claim 24, further comprising supplying one or more non-
halogen-containing iron-bearing compounds in combination with the at least one iron-
bearing halide, where the one or more non-halogen-containing iron-bearing compounds

are selected from iron (lll) oxide, iron (lI) carbonate, iron (ll) oxide, or mixtures of two or

more thereof.

28.. - The method of claim 24, further comprising supplying iron (ll) carbonate in

combination with the at least one iron-bearing halide.
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29. The method of claim 24, further comprising supplying iron (ll) carbonate in

combination with one or more of iron (lI) bromide or iron (Ill) bromide.
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