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PROCESS FOR DILUTE PHASE INJECTION OF DRY ALKALINE MATERIALS

CROSSREFERENCE TO RELATED APPLICATION

The present application claims the benefits of U.S. Provisional Application Serial
Nos. 61/415,480, filed November 19, 2010, and 61/312,453, filed March 10, 2010, both of
the same title and each of which isincorporated herein by this reference in their entireties.

FIELD

The disclosure relates generally to controlling contaminant emissions and

particularly to introducing additives to contaminant-containing gases.
BACKGROUND

Injection of hydrated lime and other alkaline materials is apromising technol ogy
for control of acid, suichasNO, (NO andNO ), HCl, and SO, (S0,and SO ) from coal-
and biomass-fired sources. Acid gas control isbecoming obligatory due to the problems
arising from increased corrosion, acid mist emissions and associated impacts to plant
opacity, and the propensity of certain acid gases, such as SO 5, to interfere with powdered
activated carbon ("PAC") used for mercury capture from these sources. Concerns with
S0 ; emissions have increased due to selective catalytic reduction reactors ("SCRs")
oxidizing sulfur dioxide to sulfur trioxide. SCRs are being installed on an increasing
number of coal-fired sources for control of nitrogen oxides. SO, species are also present
in flue gas at elevated levels when burning high sulfur coals. The presence of sulfur
species and the ammonia reactants used for nitrogen oxide control can combine to form
condensable compounds that foul or degrade air heater performance over time.

Injection of dry alkaline sorbents to control acid gas emissions continue to be used
successfully a many coal-fired sourcesto chemically control emissions. When dry
alkaline materials are injected into a gas stream for the purpose of controlling acid gases,
the desired chemical reactions occur in the flue gas stream.

A major goa of any injection system isto maximize the desired reactions and
minimize undesired reactions and/or interactions with the walls and mechanical systems
downstream. Asan example, one of the desired acid gas reactions between hydrated lime

and S0 5 is shown below:

Ca(OH),+ S0, > CaS0 , + H,0
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hydrated lime + sulfur trioxide = calcium sulfate + water
One of the major undesired reactions that occurs within the alkaline sorbent injection
systemisthat of hydrated lime with carbon dioxide:
Ca(OH),+ C0, -» CaC0 4+ H.0
hydrated lime + carbon dioxide = calcium carbonate + water
Therate of carbonate formation is believed to be atemperature-dependent process; that is,
the higher the gas temperature the greater the rate of conversion of hydrate to carbonate.
Calcium carbonate has been shown to beinversely soluble, therefore increasing
temperature leads to greater carbonate deposition within the injection system. Managing
the temperature of the injection system and lime carrier gas reduces the rate of formation
and subsequently minimizes the deposition of calcium carbonate. Due to the presence of
air in the injection system, CO , is always available for reaction in either the carrier gas or
in the flue gas that contaminates the carrier gas through leakage or recirculation into the
injection system. Therefore, thermal management of the injection system is employed to
successfully moderate carbonate formation, reduce lime consumption, and increase system
reliability.

A carrier gas treatment system 200 according to the prior art includes an optional
dehumidifier 204, aregenerative or positive displacement blower 208 (air having a
pressure in the range of 3to 25 psi), and arefrigerated air dryer 212 and/or after cooler
216. Other configurations and arrangements of the illustrated equipment are possible.
This system 200 generally reduces the dew point of the conveying air to atemperature just
above 32°F. Although the reaction of calcium hydroxide and carbon dioxideto air is
slowed by the gas dehumidification and cooling, the degree of dehumidification and
cooling islimited. Accordingly, conventional systems 200 generally experience
debilitating issues with scaling, abrasion, plugging in the lines, lances, and other
conveying surfaces in the system 200.

These problems increase the necessity for time-consuming and expensive manual
cleaning and maintenance of the introduction system.
SUMMARY

These and other needs are addressed by the various aspects, embodiments, and

configurations of the present disclosure. The aspects, embodiments, and configurations

are directed generally to the delivery of additivesto contaminated gas streams.
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In one aspect, amethod includes the steps:

@ compressing, by a compressor, acarrier gasto form a compressed carrier

gas,

(b) contacting an additive with the compressed carrier gasto form an additive-
containing fluid; and

(© introducing the additive-containing fluid into a contaminated gas stream.

In another aspect, a system includes:

@ acarrier gas treatment system to compress a carrier gas and form atreated
carrier gas stream;

(b) amixing system to contact additive particles with the treated carrier gas
stream and form an additive-containing fluid; and

(© adelivery system to introduce the additive-containing fluid into the
contaminated gas stream.

The above aspects can address effectively additive clogging problems.
Compressed gas, particularly when coupled with a downstream dryer, can remove
moisture effectively, provide alow dew point, and maintain arelatively low gas
temperature, thereby providing effective thermal and moisture management. Lowering the
moisture content would lower the enthalpy of the conveyance air and improve conveyance
performance through the elimination of heat. Moisture removal from compressed air can
be much easier than moisture removal from air downstream of a positive displacement
(PD) or regenerative (regen) blower. Thermal and moisture maintenance can minimize
substantially water-based hydration interactions with akaline materials, particularly lime
and trona, thereby leading to reduced agglomeration and/or caking of additive to
conveyance system surfaces.

The compressor and compressed air dryer combination foot print can be much
smaller than the footprint of adehumidifier, blower, and after cooler combination.

A compressed air system can alow for easier system and component redundancy.
For a given volume of air, the piping is smaller and easier to install valves to switch
between other trains and/or compressors. It can have asimpler electrical and control
layout. For example, it can avoid the need for supply breakers in amotor control center
(MCC) for the dehumidifier, blower and refrigerated air dryer. Typicaly, only the

compressor and air dryer are interlocked and controlled.
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The compressor and dryer combination can require less power than the
combination of adehumidifier, blower, and refrigerated air dryer. Since the combination
can require less equipment and less power isbeing consumed, an arrangement with a
compressor and air dryer can also decrease the cooling load for aroom containing this
equipment.

In another aspect, a system includes one or more lances for receiving an additive-
containing fluid and introducing the additive-containing fluid into a contaminated gas
stream. The lance(s) extend into the contaminated gas stream. The contaminated gas
stream has atemperature above about 95°F. The lance(s) is cooled by a cooling medium
to maintain an interior of the at least one lance a atemperature below the temperature of
the contaminated gas stream.

Thermal management in the lance can further reduce clogging and scaling problems
from alkaline additives.

In another aspect, a system includes one or more lance(s) for receiving an additive-
containing fluid and introducing the additive-containing fluid into a contaminated gas
stream. The lance(s) comprises an eductor nozzle.

The eductor nozzle can provide a substantially uniform distribution of additive
particles in the contaminated gas stream.

In another aspect, amethod includes the steps:

@ detecting, by aprocessor, a stimulus associated with cleaning of an additive
introduction system, the additive introduction system delivering an additive into a
contaminated gas stream;

(b) terminating, by the processor, a supply of additive while continuing to
supply acarrier gas to the additive introduction system;

(© determining, by the processor, whether a gas flow is acceptable;

(d) when the gas flow isnot acceptable, terminating, by the processor, the
supply of the carrier gasto the additive introduction system; and

(e passing apurge gas through the additive introduction system to remove
deposited additive or a derivative thereof.

In another aspect, amethod includes the steps:
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@ detecting, by aprocessor, a stimulus associated with cleaning of an additive
introduction system, the additive introduction system delivering an additive into a
contaminated gas stream,

(b) terminating, by the processor, a supply of additive to the additive
introduction system; and

(© passing achemical cleaner through the additive introduction system, the
cleaner removing substantially deposits of the additive and/or an additive derivative from
the additive introduction system.

An automated cleaning sequence can not only reliably and periodically clean the
introduction system but also minimize substantially demands on personnel to perform
manual system cleaning and maintenance.

These and other advantages will be apparent from the disclosure of the aspects,
embodiments, and configurations contained herein.

"A" or "an" entity refers to one or more of that entity. Assuch, the terms "a" (or
"an"), "one or more" and "at least one" can be used interchangeably herein. It isalso to be
noted that the terms "comprising”, "including”, and "having" can be used interchangeably.

"Absorption” isthe incorporation of a substance in one state into another of a
different state (e.g. liquids being absorbed by a solid or gases being absorbed by aliquid).
Absorption isaphysical or chemical phenomenon or aprocess in which atoms, molecules,
or ions enter some bulk phase - gas, liquid or solid material. Thisis a different process
from adsorption, since molecules undergoing absorption are taken up by the volume, not
by the surface (as in the case for adsorption).

"Adsorption” isthe adhesion of atoms, ions, biomolecules, or molecules of gas,
liquid, or dissolved solids to a surface. This process creates afilm of the adsorbate (the
molecules or atoms being accumulated) on the surface of the adsorbent. It differs from
absorption, in which afluid permeates or is dissolved by aliquid or solid. Similar to
surface tension, adsorption is generally a consequence of surface energy. The exact nature
of the bonding depends on the details of the species involved, but the adsorption processis
generally classified as physisorption (characteristic of weak van der Waals forces) or
chemisorption (characteristic of covalent bonding). It may also occur dueto electrostatic

attraction.
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"Ash" refers to the residue remaining after complete combustion of the coal
particles. Ash typicaly includes mineral matter (silica, alumina, iron oxide, etc.).

"At least one", "one or more", and "and/or" are open-ended expressions that are
both conjunctive and digunctive in operation. For example, each of the expressions "at
least one of A, B and C", "at least one of A, B, or C", "one or more of A, B, and C", "one
or more of A, B, or C" and "A, B, and/or C" means A alone, B aone, C alone, A and B
together, A and C together, B and C together, or A, B and C together. When each one of
A, B, and Cin the above expressions refers to an element, such as X, Y, and Z, or class of
elements, such as Xi-X,, Yi-Y , and Zi-Z ,, the phrase isintended to refer to asingle
element selected from X, Y, and Z, a combination of elements selected from the same
class (e.g., Xi and X,) aswell as acombination of elements selected from two or more
classes (e.g., Yiand Z).

"Biomass' refers to biological matter from living or recently living organisms.
Examples of biomass include, without limitation, wood, waste, (hydrogen) gas, seaweed,
algae, and alcohol fuels. Biomass can be plant matter grown to generate electricity or
heat. Biomass aso includes, without limitation, plant or animal matter used for
production of fibers or chemicals. Biomass further includes, without limitation,
biodegradable wastes that can be burnt as fuel but generally excludes organic materials,
such as fossil fuels, which have been transformed by geologic processes into substances
such as coal or petroleum. Industrial biomass can be grown from numerous types of
plants, including miscanthus, switchgrass, hemp, corn, poplar, willow, sorghum,
sugarcane, and avariety of tree species, ranging from eucalyptus to oil pam (or pam oil).

"Coa" refers to a combustible material formed from prehistoric plant life. Coal
includes, without limitation, peat, lignite, sub-bituminous coal, bituminous coal, steam
coal, waste coal, anthracite, and graphite. Chemically, coal isamacromolecular network
comprised of groups of polynuclear aromatic rings, to which are attached subordinate
rings connected by oxygen, sulfur, and aliphatic bridges.

A "compressor" isamechanical device that compresses agas (e.g., air or natural
gas).

A "computer-readable medium” refers to any tangible storage and/or transmission
medium that participate in providing instructions to a processor for execution. Such a

medium may take many forms, including but not limited to, non-volatile media, volatile
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media, and transmission media. Non-volatile media includes, for example, NVRAM, or
magnetic or optical disks. Volatile media includes dynamic memory, such asmain
memory. Common forms of computer-readable media include, for example, afloppy disk,
aflexible disk, hard disk, magnetic tape, or any other magnetic medium, magneto-optical
medium, a CD-ROM, any other optical medium, punch cards, paper tape, any other
physical medium with patterns of holes, aRAM, a PROM, and EPROM, aFLASH-
EPROM, asolid state medium like amemory card, any other memory chip or cartridge, a
carrier wave as described hereinafter, or any other medium from which a computer can
read. A digital file attachment to e-mail or other self-contained information archive or set
of archivesis considered a distribution medium equivalent to atangible storage medium.
When the computer-readable media is configured as a database, it isto be understood that
the database may be any type of database, such asrelational, hierarchical, object-oriented,
and/or the like. Accordingly, the invention is considered to include atangible storage
medium or distribution medium and prior art-recognized equivalents and successor media,
in which the software implementations of the present invention are stored.

A "dehumidifier" reduces the level of humidity in the air.
Mechanical/refrigerative dehumidifiers, the most common type, usually work by drawing
moist air over arefrigerated coil with a small fan and/or a desiccant material. Since the
saturation vapor pressure of water decreases with decreasing temperature, the water in the
air condenses, and drips into a collecting bucket. The air isthen reheated by the warmer
side of the refrigeration coil. Electronic dehumidifiers use apeltier heat pump to generate
acool surface for condensing the water vapor from the air.

An "eductor" is an aspirator, also called an eductor-jet pump or filter pump, isa
device that produces vacuum by means of the Venturi effect. In an aspirator, fluid (liquid
or gaseous) flowsthrough atube which then narrows. When the tube narrows, the fluid's
speed increases, and because of the Venturi effect, its pressure decreases. Vacuum istaken
from this point.

"High akali coals' refer to coals having atotal akali (e.g., calcium) content of at
least about 20 wt.% (dry basis of the ash), typicaly expressed as CaO, while "low alkali
coals' refer to coals having atotal alkali content of less than 20 wt.% and more typically
less than about 15 wt.% alkali (dry basis of the ash), typically expressed as CaO.
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"High iron coals' refer to coals having atotal iron content of a least about 10 wt.%
(dry basis of the ash), typically expressed as Fe,0 5, while "low iron coals' refer to coals
having atotal iron content of less than about 10 wt.% (dry basis of the ash), typicaly
expressed as Fe,0,. Aswill be appreciated, iron and sulfur are typically present in coal in
the form of ferrous or ferric carbonates and/or sulfides, such asiron pyrite.

"High sulfur coals' refer to coals having atotal sulfur content of a least about 3
wt.% (dry basis of the coal) while "medium sulfur coas’ refer to coals having between
about 15 and 3 wt.% (dry basis of the coal) and "low sulfur coals' refer to coals having a
total sulfur content of less than about 1.5 wt.% (dry basis of the coal).

"'Lime" refers to a caustic akaline earth metal substance, such as calcium
hydroxide (Ca(OH),), calcium oxide, and mixtures thereof produced by heating limestone.

"'Particulate” refers to fine particles, such as fly ash, unbirned carbon, soot and fine
process solids, typically entrained in a mercury-containing gas stream.

"Rotary valve," "rotary airlock," or rotary feeder refersto a device used to meter,
enter, or extract material between two chambers of different pressures. Most often su:h a
device isused as ameasuring or metering dewvi ce,

"Saltation velocity" refers to superficial operating gas velocity and is dependent on
the physical characteristics of the solids being conveyed, the desired particle mass flow
rate, the physical characteristics of the additive induction system, and the thermo-
chemical environment of the conveying fluid.

"Particle sip velocity” refers to the difference in the particle velocity and the
superficial operating gas velocity and is dependent on the physical characteristics of the
solids being conveyed.

"Separating” and cognates thereof refer to setting apart, keeping apart, sorting,
removing from amixture or combination, or isolating. In the context of gas mixtures,
separating can be done by many techniques, including electrostatic precipitators,
baghouses, scrubbers, and heat exchange surfaces.

A "sorbent” isamaterial that sorbs another substance; that is, the material has the
capacity or tendency to take it up by sorption.

"Sorb" and cognates thereof mean to take up aliquid or a gas by sorption.

"Sorption" and cognates thereof refer to adsorption and absorption, while
desorption isthe reverse of adsorption.
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A "vortex cooler" isamechanical device that separates a compressed gas into hot
and cold streams. It typically has no moving parts. Pressurized gas isinjected tangentially
into aswirl chamber and accelerates to a high rate of rotation. Due to the conical nozzle a
the end of the tube, only the outer shell of the compressed gas is allowed to escape at that
end. The remainder of the gasis forced to return in an inner vortex of reduced diameter
within the outer vortex.

The preceding is asimplified summary of the disclosure to provide an
understanding of some aspects of the disclosure. This summary is neither an extensive nor
exhaustive overview of the disclosure and its various aspects, embodiments, and
configurations. It isintended neither to identify key or critical elements of the disclosure
nor to delineate the scope of the disclosure but to present selected concepts of the
disclosure in asimplified form as an introduction to the more detailed description
presented below. Aswill be appreciated, other aspects, embodiments, and configurations
of the disclosure are possible utilizing, aone or in combination, one or more of the
features set forth above or described in detail below.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings are incorporated into and form apart of the
specification to illustrate several examples of the present disclosure. These drawings,
together with the description, explain the principles of the disclosure. The drawings
simply illustrate preferred and alternative examples of how the disclosure can be made and
used and are not to be construed as limiting the disclosure to only the illustrated and
described examples. Further features and advantages will become apparent from the
following, more detailed, description of the various aspects, embodiments, and
configurations of the disclosure, asillustrated by the drawings referenced below.

Fig. lisablock diagram according to an embodiment;

Fig. 2isablock diagram according to the prior art;

Fig. 3isablock diagram according to an embodiment;

Fig. 4isablock diagram according to an embodiment;

Fig. 5 depicts apsychrometric chart at atmospheric pressure illustrating a decrease
in moisture and temperature leads to decreased enthalpy;

Fig. 6isablock diagram according to an embodiment;
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Figs. 7A-B depict perspective and sectional views of arotary valve according to a
configuration;

Fig. 8isatop view of aportion of the embodiment of Fig. 6;

Fig. 9 depicts a sectiona view of arotary valve according to the prior art;

Fig. 10 depicts a delivery system according to an embodiment;

Fig. 11 depicts a configuration of the delivery system;

Fig. 12 depicts a heat exchanger on alance according to one configuration;

Fig. 13 isablock diagram depicting adelivery system according to an
embodiment;

Fig. 14 depicts acleaning system according to an embodiment; and

Fig. 15 isaflowchart of an embodiment according to an embodiment.

DETAILED DESCRIPTION
Overview

The current disclosure is directed to an additive introduction system to introduce
additives to control contaminant emissions from contaminant evolving facilities, such as
smelters, autoclaves, roasters, steel foundries, steel mills, cement kilns, power plants,
waste incinerators, boilers, and other contaminated gas stream producing industrial
facilities. Although any contaminant may betargeted by the additive introduction system,
typical contaminants include acid gases (e.g., sulfur-containing compounds (such as sulfur
dioxide and trioxide produced by thermal oxidation of sulfides), nitrogen oxides (such as
nitrogen monoxide and dioxide), hydrogen sulfide (H,S), hydrochloric acid (HC1), and
hydrofluoric acid (HF)), mercury (elemental and/or speciated), carbon oxides (such as
carbon monoxide and dioxide), halogens and halides, particulates (e.g., fly ash particles
and other types of unburned carbon), and the like. Although the contaminant istypically
evolved by combustion, it may be evolved by other oxidizing reactions, reducing
reactions, and other thermal processes such asroasting, pyrolysis, and autoclaving, that
expose contaminated materials to elevated temperatures.

Fig. 1depicts acontaminated gas stream treatment process for an industrial facility
according to an embodiment. Referring to Fig. 1, a contaminated feed material 100 is
provided. In one application, the feed material 100 is combustible and can be any
synthetic or natural, contaminate-containing, combustible, and carbon-containing material,

including coal, petroleum coke, and biomass. The feed material 100 can be ahigh alkali,
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high iron, and/or high sulfur coal. In other applications, the present disclosure is
applicable to noncombustible, contaminant-containing feed materials, including, without
limitation, metal-containing ores, concentrates, and tailings.

The feed material 100 is heated in thermal unit 104 to produce a contaminated gas
stream 108. The thermal unit 104 can be any heating device, including, without limitation,
adry or wet bottom furnace (eg., ablast furnace, puddling furnace, reverberatory furnace,
Bessemer converter, open hearth furnace, basic oxygen furnace, cyclone furnace, stoker
boiler, cupola furnace, afluidized bed furnace, arch furnace, and other types of furnaces),
boiler, incinerator (e.g., moving grate, fixed grate, rotary-kiln, or fluidized or fixed bed,
incinerators), calciners including multi-hearth, suspension or fluidized bed roasters,
intermittent or continuous kiln (e.g., ceramic kiln, intermittent or continuous wood-drying
kiln, anagama kiln, bottle kiln, rotary kiln, catenary arch kiln, Feller kiln, noborigama kiln,
or top hat kiln), or oven.

The contaminated gas stream 108 generally includes anumber of contaminants. A
common contaminated gas stream 108 includes mercury, particulates (such asfly ash),
sulfur oxides, nitrogen oxides, hydrochloric acid (HC1), carbon oxides, and unburned
carbon.

The contaminated gas stream 108 is optionally passed through the preheater 112 to
transfer some of the thermal energy of the contaminated gas stream 108 to air input to the
thermal unit 104. The heat transfer produces a common temperature drop in the
contaminated gas stream 108 of from about 500°C to about 300°C to produce a cooled
contaminated gas stream 116 temperature commonly ranging from about 100 to about
400°C.

The cooled contaminated gas stream 116 isnext subjected to particulate removal
device 120 to remove most of the particulates from the contaminated gas stream and form
atreated gas stream 124. The particulate removal device 120 can be any suitable device,
including awet or dry electrostatic precipitator, particulate filter such as abaghouse, wet
particulate scrubber, and other types of particulate removal device.

The treated gas stream 124 is emitted, via gas discharge 128, into the environment.

To control contaminant emissions in the treated gas stream 124, an additive 132
entrained in acarrier gas 134 isintroduced into the thermal unit 104, contaminated gas

stream 108, or cooled contaminated gas stream 116 by an additive introduction system
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138. To entrain the additive particles effectively, the additive particles typically have a
mean, median, and pgpo Size of no more than about 100 microns and even more typically
ranging from about 2 to about 50 microns. The additive-containing fluid typicaly
includes from about 0.10 to about 6.0 Ibm material to Ibm air (at standard temperature and
pressure).

The additive employed depends on the contaminant targeted. By way of example,
an alkaline material, such aslime or abicarbonate, can be used to control emissions of
sulfur oxides (SOx), hydrochloric acid (HC1), and hydrofluoric acid (HF). Powdered
activated carbon ("PAC") can beused to control avariety of contaminants, such as
gaseous heavy metals dioxins, furans, mercury, and hydrocarbons. Sodium
esqui carbonate (trona) can be used to control emissions of sulfur oxides (SOx), hydrogen
sulfide (H,S), hydrochloric acid (HC1), and hydrofluoric acid (HF). Halogens and halides
can be used to facilitate control mercury emissions. Metal oxides, such as magnesium
oxide or magnesium hydroxide, can be used to control acid gas emissions. Sodium
carbonate ("soda ash™) can beused to control particulate and acid gas emissions.

Although the carrier gas for the additive can be any substantially inert gas (relative
to the additive), acommon carrier gasisair. Typicaly, the carrier gas includes aminor
amount, more typically no more than about 400 ppm, vol.%, and even more typically no
more than about 390 ppm, of an additive reactive component, such as carbon dioxide, that
reacts with the additive. For example, carbon dioxide reacts with lime to produce calcium
carbonate.

The Additive Introduction System

Fig. 3 depicts an additive introduction system 138 according to an embodiment.
The system 138 includes a carrier gas treatment system 304 to form atreated carrier gas
308, amixing system 308 to form the additive-containing fluid 316, adelivery system 320
to introduce the additive-containing fluid 320 into the contaminated gas stream 108, and a
cleaning system 324 to remove substantially all scale and other deposits from the mixing
and delivery systems 312 and 320.

While not wishing to be bound by any theory, for lime additives the formation of
carbonate scale on ametal surface isbelieved to follow a specific sequence of stages. An
induction period initiates the scale accumulation. "Induction” isthe moment at which the

carbonate starts to nucleate and the entrained carbonate particles start to deposit on the
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interiors surfaces of the additive introduction system. The deposition is affected by the
level of carbonate in the carrier gas, surface temperature, material flow rate, surface
configuration, and surface composition. For scale to form on the metal surfaces of the
mixing and delivery systems 308 and 320, carbonate must impinge upon, stick to, and
subsequently bond to the metal surfaces. Once attached to the surface, carbonate bonding
will strengthen over time, significantly affected by the therma environment, surface
temperature, and carrier gas temperature. The scale can be subjected to dehydration,
encouraged through conductive heating originating from the metal surfaces of the system.

It isbelieved that carbonate deposition in pneumatic conveying systems can be
ameliorated by adherence to system-wide thermal management. Thermal management of
the system can retard the growth and strengthening mechanisms of carbonate and reduce
the potentia for the system to foul. Thermal management of the system comprises thermal
management of the carrier gas and the temperature of the mixing and delivery system
components 312 and 320.

Thermal management by the additive introduction system 138 is discussed in detail
below.

The Carrier Gas Treatment System

A number of design criteria are relevant to inhibiting or eliminating scaling.
Preferably, the parts of the additive introduction system conveying the additive are
maintained at atemperature of commonly less than about 95°F and even more commonly
less than about 90°F to assure arelatively slow rate of carbonate formation, given the
unavoidable presence of carbon dioxide in the carrier gas.

While not wishing to be bound by any theory, this temperature also determines the
crystalline structure of any carbonate solids formed. The crystalline structure determines
the abrasiveness of the carbonate solids and therefore the resulting wear on conveying
surfaces in the additive introduction system. Other unique crystalline qualities encourage
the adherence of the carbonate to additive introduction system components, material
accumulation, and eventual system failure. The rhombohedral prismatic (calcite) crystal
structure forms below atemperature in the range of about 90 to about 95°F while the
dendritic (aragonite) crystal structure forms above this temperature. The dendritic
aragonite form adheres to surfaces more aggressively than calcite (which is a smooth

crystal structure). Energy management can also be important. While not wishing to be



10

15

20

25

30

WO 2011/112854 PCT/US2011/027968
14

bound by any theory, higher entrained additive particle velocities result in greater degrees
of turbulence and areas of (unmanaged) impingement. Turbulence can generate heat.
High velocity fluids can self-generate heat through surface friction. The resulting
localized heating can accelerate carbonate particle and scale formation. To reduce
localized heating, the additive introduction system should maintain laminar flow.

Referring to Fig. 4, the carrier gas treatment system 304 according to an
embodiment includes a gas compressor 404 to form a compressed carrier gas 405, optional
after cooler 406 to form a cooled compressed carrier gas 407, optional oil mist eliminator
408 to form a demisted carrier gas 409, and compressed gas dryer 312, which output
treated carrier gas 308.

The treated carrier gas 308 typically has atemperature typically below about 95°F,
more typically in the range of from about 75 to about 125 °F, more typically in the range
of from about 85 to about 115 °F, and even more typicaly in the range of from about 85 to
about 95 °F, atotal pressure of at least about 25 psi, more typicaly of at least about 50 psi,
and even more typically ranging from about 60 to about 200 psi, arelative humidity of no
more than about 10%, more typically of no more than about 5%, and even more typically
of no more than about 1%, and a dew point of less than about 30°F, more typicaly of no
more than about 0°F, even more typically of no more than about -25°F, and even more
typically of no more than about -40°F. Aswill be appreciated, the dew point isinversely
proportional to the gas pressure. Higher gas pressures cause more moisture to condense.

The compressor 404 can be any type of gas compressor. The compressor 404 can
be open, hermetic, or semi-hermetic. Suitable compressor types include positive
displacement and dynamic compressors. Positive displacement compressors include
reciprocating (e.g., single or double acting or diaphragm compressors) or rotary (e.g., lobe,
liquid ring, screw, scroll, and vane compressors). The compressor can be an oil-free
compressor, thereby eliminating the optional oil mist eliminator 408. The degree of
compression of the carrier gas (air) relative to atmospheric pressure typically ranges from
about 1.10:1 to about 1.60:1 and even more typically from about 1.20:1 to about 1.35:1.

The after cooler 406 can be any suitable cooling device. Examples include air
conditioner, gas cooler, heat exchanger (using a heat exchange medium), radiator
(commonly with afan), thermoelectric chiller, vortex cooled chiller, venturi vortex cooler,

and other types of gas cooling devices or surfaces.
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The oil mist eliminator or removal device 408 isused when the compressor
experiences a significant amount of oil leakage or dip. The device 408 removes most, if
not all, of the oil mist from the compressed carrier gas 405 to form a demisted carrier gas
409. An exemplary oil mist eliminator is a coalescent filter.

The compressed gas dryer 412 can be any suitable gas dryer, such as a single tower
deliquescent dryer, refrigerated and regenerative compressed air dryer, natural gas and
biogas dryer, dessicant, adsorbent and deliquescent desiccant, and dehumidifier.

The combination of acompressor 404 followed by a compressed gas dryer 412 to
remove a significant percentage of the moisture from the carrier gas can provide
unexpected and surprising benefits. The combination commonly removes most, if not all,
more commonly at least about 75%, and even more commonly at least about 90% of the
moisture in the carrier gas, thereby making the carrier gas less capable of retaining heat
energy. Removal of the moisture therefore simplifies maintaining the compressed air in
the desired temperature range.

The substantial benefit that can berealized from moisture removal is depicted in
Fig. 5. Fig. S5isapsychrometric chart. Astemperature and moisture content of air lessen,
Fig. 5 shows that the gas can carry less heat (enthalpy). The less enthalpy the gas carries
means the less the gas will contribute to carbonate formation. The mitigation of the
carbonate reaction, in turn, can moderate the further production of moisture, which results
as aproduct of the hydrated lime-carbon dioxide reaction.

Mixing System

The mixing system 312 includes atreated carrier gas 308 manifold inlet 600,
additive-containing fluid 316 manifold outlet 604, additive particle hopper 608, feed
metering mechanism 612, and manifold 624 and introduces additive particles 628 into the
treated carrier gas 308 to form an additive-containing fluid 316. The metering mechanism,
in one configuration, is arotary valve but can be any suitable feeding mechanism, such as
ascrew feeder or rotary air lock.

The mixing system 312 uses adiabatic expansion of the compressed carrier gasto
further cool and remove moisture from the carrier gas. Conventional additive introduction
systems use large conveying lines that require more space and manual manipulation when
switching gas streams. Compared to a conventional additive introduction system, the

mixing system 312 uses amuch smaller compressed air conduit 616 up to the point of
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metering. Typically, the diameter of the conduit 616 isno more than about 2 inches and
even more typically ranges from about ¥2" to about I-%2" inches. The cross-sectional area
of the conduit 616 is commonly no more than about 3.14 in2 and even more commonly
ranges from about 0.19 in2to about 1.77 in2,

The conduit cross-sectional areanormal to carrier gas flow gradually expands as a
result of inclined or arcuate surface 620 to amuch larger cross-sectional area. The gradual
expansion inhibits turbulence in the gas flow. The expanded flow cross sectional areain
the mixing system is selected to provide aflow velocity a the manifold outlet 604
sufficient to entrain the additive particles. The superficial operating gas flow velocity is
typically a least the saltation velocity plus qualification for the particle slip velocity, more
typically ranges from about -54% to about 154% of the saltation velocity plus qualification
for the particle dlip velocity, and even more typically ranges from about 115% to about
125% of the saltation velocity plus qualification for the particle dip velocity. By way of
example, the target superficial gas flow velocity, for adesired particle mass flow rate of
2000 Ib/hr for a 32 micrometer (um) particle being conveyed in a 3-inch ID pipe and a
conveying fluid temperature of 90 °F, ranges from about 828 fpm to about 2773 fpm, and
more typically ranges from about 1980 fpm to about 2250 fpm. The pressure of the carrier
gas in the manifold typically dropsto apressure of no more than about 15 psig and more
typically ranging from about 2 to about 5 psig. The flow cross sectional expansion from
inlet conduit 616 to outlet 604 istypically at least about 300%, more typically ranges from
about 300% to about 1600. Asaresult of the flow area expansion, the carrier gas flow
velocity decreases.

Referring to Figs. 7A-B, arotary valve 700 configuration of the metering device
612 is depicted. The rotary valve 700 includes aplurality of compartments 704 having
common, predetermined volumes and separated by intervening vanes 708. Each
compartment receives additive particles from hopper 608, rotates clockwise or
counterclockwise (depending on the configuration), and drops the predetermined volume
of the additive particles into the carrier gas. The rotational speed of the valve 700
determines the additive mass feed rate, or the mass of additive particles in a selected
volume of the additive-containing fluid 316.

Compared to conventional rotary valves in additive introduction systems, the

rotary valve 700 has alonger length for amore uniform additive particle dispersion in the
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carrier gas. Referring to Fig. 8, the length "Ly" of the rotary valve 700 istypically at least
about 50%, more typically at least about 80%>, and even more typically at least about 95%
of the length "Lc" of the manifold 624. The use of an oversized rotary valve results in a
larger vane area (face) than arotary valve of an equivalent volume would otherwise
possess. This allows the additive particles to be dispersed into the manifold below through
alarger cross-section, resulting in superior entrainment of the sorbent within the
conveyance air. The benefit to operations imparted by oversizing of the rotary valve
directly decreases the rate of carbonate buildup to the system components.

The compartments 704 of the rotary valve 700 are differently configured than
rotary valves of the prior art. Fig. 9 depicts a side sectiona view of arotary valve
compartment 900 according the prior art. The additive particles fill the entire pie-shaped
volume of the compartment 900. Referring to Figs. 7A-B, the same sectional view of the
rotary valve compartment 704 shows that only aportion of the pie-shaped area contains
additive particles. A substantial portion of the pie-shaped portion has been blanked off.
Typically, the volumetric rate of rotary valve ranges from about 0.05 ft*/rev to about 0.50
ft*/rev. Modification of the rotary valve 700 can be done by installing any device (such as
aplate or block) in the pie-shaped areato effectively reduce the compartment volume,
thereby allowing the oversized valve to feed a smaller amount of material. This can
prevent batching at low feed rates because the rotor hasto be turned faster.

The compartments of acircular rotary valve are, as shown, typically triangular in
shape. By decreasing the pocket volume (by modifying the void geometry to a
parallelogram versus atriangle) additive particles are less likely to become packed and
stuck in the vane since, asthe parallelogram-shaped vane/pocket is evacuated, the additive
particles are normal to the void and gravity facilitates additive particle movement.

Using apositive (or negative) pressure manifold at the exit of the rotary valve can
inhibit the carrier gas from contacting the vanes. Air contact with the vane is
disadvantageous because air mixed with additive particles can result in increased abrasion
to the vanes aswell asissues with additive particle packing (as isthe case with ablow-
through style rotary valve). Additionally, any moisture or oil impurities will also bein
contact with the vane surface. Since the positive (or negative) pressure manifold isbelow

the rotary valve it allows the additive particles to be removed by gravity.
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Returning to Fig. 6, the gas stream and the metered additive particles 620 are
mixed in the flow manifold 624, and then conveyed out of the outlet 604 of the manifold
624. This alows for better, more uniform dispersion of the additive particles 620 into the
larger flow area of the manifold 624.

The Delivery System

Referring to Figs. 10-1 1, the additive-containing fluid 316 flows into the delivery
system 320 for delivery to the contaminated gas. The system 320 comprises a manifold
1000 and aplurality of lances 1004. The lances 1004 project into the duct 1100, whereby
the additive particles are dispersed substantially uniformly throughout the duct 1100 cross-
sectional area. Aswill be appreciated, the delivery system can have only one lance.

Referring to Fig. 10, the manifold 1000 is a linear manifold using arcuate wyes
1010 to reduce additive particle abrasion from abrupt changes in flow direction and sizes
the various conduits to maintain substantially constant flow cross-sectional areas normal to
adirection of flow. By way of illustration, the first and second conduits 1008 and 1012
have substantially equivalent cross-sectional areas normal to flow, first conduit 1008 has
substantially the same cross-sectional area normal to flow asthe sum of the cross-sectiona
areas of the third and fourth conduits 1016 and 1020, the third conduit 1016 has
substantially the same cross sectional area normal to flow asthe sum of the cross-sectiona
areas normal to flow of the fifth and sixth conduits 1024 and 1028, and so forth. The term
"substantially the same", for purposes of the present paragraph, means that the cross-
sectional aress are typically within about 20%, even more typically within about 15%, and
even more typically within about 10%.

The use of alinear manifold for distribution to the lances reduces the amount of
additive particle impingement while alowing sufficient materia partitioning and
minimizing substantially energy losses to the walls of the delivery system. The manifold
1000 begins at the first point of additive material partitioning. A low degree of branch a
the wye splits, reducing localized thermal loading due to impingement of the solids carried
by the additive-containing gas 316 on the center of the wye and subsequent energy transfer
to the system components. Reduction in impingement and subsequent localized thermal
increase combine to minimize carbonate buildup &t this point in the system. The use of
passive portioning or eccentric components to manipulate material flow, movement and/or

distribution within the linear manifold and manifold system is also contemplated.
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In one configuration, each of the lances 1004 has a cooling sheath to reduce and
maintain the temperature of the lance interior and therefore the additive-containing fluid to
acceptable levels. Asnoted above with lime additives, afluid temperature greater than
about 95°F can accelerate carbonate formation. By maintaining the lances at air and
surface temperatures less than about 95°F formation of scale in the lances, which are
exposed to duct temperatures (typically at least about 300°F), can be substantially
inhibited. The cooling sheath can have any suitable heat exchange configuration, such as
that shown in Fig. 12. The lance 1004 is surrounded by an outer sheath 1200 having an
inlet 1204 and outlet 1208 for the cooling medium. Both counter-flow aswell asin-flow
types of lance cooling can be used. Other types of cooling sheath are a shell and tube,
tube-in-tube, plate, adiabatic wheel, plate fin, pillow plate, fluid, dynamic scraped surface,
phase-heat, direct contact, and spira heat exchanger, HVAC air coil, and the like. Any
heat exchange or cooling medium can be employed. The medium can, for example, be a
gas (such as hydrogen gas or an inert gas), aliquid (such aswater, Freon, an oil, and
polyalkylene glycol), amolten metal or salt, aliquid gas, ananofluid, or asolid (such as
dry ice or water ice). The preferred cooling medium is clean dry air, after-cooled air, or
water. The heat exchanged cooling medium can be cooled by any technique, such as an
HVAC unit, waste heat recovery unit, aventuri vortex cooler, and the like.

In one configuration shown in Fig. 13, the lances employ an eductor nozzle. While
injecting a numerous points along the injection grid, small pressure differentials have
been observed across a given injection array. These pressure differentials can cause non-
uniform additive particle distribution aswell as deterioration in injection array
performance, such asscaling. Using a compressed gas (such as from the gas compressor
404) or a steam-driven venturi eductor at the end of every lance would not only serve to
even the pressure distribution across an injection array but also would enhance in-duct
distribution since the materia leaving the eductor would be dispersed more evenly. While
any type of eductor may be used, aring eductor ispreferred. Referring to Fig. 13, the tip
of the lance 1004 includes an eductor 1300 and an inlet 1304 for apressurized motive gas.
The pressurized motive gas 1304 draws the additive-containing fluid 316 from the lance
1004 and introduces the additive-containing fluid 316 into the contaminated gas via one or
both of the outlets 1308 and 1312.
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In another embodiment, materials of construction are used by the additive
introduction system to inhibit carbonate build-up. Materials of construction have been
observed to have a direct effect on the control of carbonate build-up, which can lead to
system fouling. Metalic cations (such as Zn(I1)) have been observed to mitigate carbonate
scale/crystallization fouling in industrial heat transfer applications. Use of specific
materials or coatings have been shown to be effective in reducing scale formation. The
use of zinc plating, a coating of inert polymers, or a ceramic coating on internal additive
introduction system surfaces suspected of being impinged by conveyed materia is
believed to lead to reduced carbonate formation.

The Cleaning System

Carbonate precipitates become harder over time. Regular pneumatic cleaning to
remove small amounts of carbonate precipitates agglomerated additive deposits that have
formed can prevent the precipitated or agglomerated material from becoming "scale"
which would require mechanical or other type of cleaning. Conventional additive
introduction systems use pinch valves to isolate injection array components. These types
of valves show increased wear due to abrasion, resulting in increased maintenance and
decreased system availability.

In one configuration, the cleaning system involves a short duration shutdown of
additive particle delivery to the mixing and delivery systems 312 and 320, while the
carrier gasremains in-service. During the additive conveyance shutdown, various portions
of the injection array are isolated and preventatively cleared of substantially al of the
residing material using compressed carrier gas. The cleaning system 320 uses manual
and/or multiple motor operated valves (which aretypicaly ball valves) in conjunction
with an automated controller 1400 (Fig. 14) to sequence the cleaning cycle. The dashed
linesin Fig. 14 represent control/feedback lines from the controller 1400 to the various
components. Before and after each valve sequence, the duct draw (or 'blow") for positive
pressure injection locations) is quantified directly, parametrically assessed, and/or
measured. Additionally the amount of compressed air used to blow through the location
over agiven time period is aso quantified directly, parametrically assessed, and/or
measured. This methodology gives an indication of the propensity of individual lances
that plug or have reduced flow (when logged by a data historian) and an effective non-

mechanical means to clean them, ahistorical reference of individual lances that plug or
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have reduced flow (when logged by a data historian), and a historical reference of
carbonate buildup or material agglomeration in individual lances (since as carbonate
buildup or material agglomeration occur the amount of compressed air that can flow
through is limited, much in the way that an orifice serves as aflow restriction). Observing
the degradation of the ability of the carrier gasto flow through the system gives adirect
measurement of reduced flow versus the 'go’ or 'no-go' methodology. The configuration
measures and compares flow measurements through an instrument, such as, but not
limited to, amass flow meter or flow measuring venturi, to measure and compare changes
in flow over time. These measurements can be compared over time to determine when an
alternate cleaning method is necessary to clean the system.

The configuration will now be discussed with reference to Figs. 14-15.

In step 1500, the controller 1400 (which includes aprocessor and computer
readable medium) identifies an instance of a stimulus. The stimulus can be, for example,
passage of a selected time interval, aflow resistance measured across the mixing and/or
delivery systems 312 and 320, and the like.

In response, the controller 1400, in step 1504, shuts off the additive supply (eg.,
shuts off the rotary valve 612) while keeping the carrier gas "on" and flowing through the
mixing and delivery systems 312 and 320. The carrier gasis flowed through the systems
for adetermined period of time to purge the systems.

In step 1508, the controller 1400 isolates a selected branch/lance of the delivery
system 320. For example, lance 1004ais fluidly isolated by closing valves 1408, 1412,
and 1436 while leaving valves 1404 and 1432 open.

In step 1512, the controller 1400 closes valves 1432 and 1444 and opens valve
1440 to place the selected lance 1004ain fluid communication with afirst sensor 1452
(which is commonly open to the atmosphere). The first sensor 1452 then measures and
provides to the controller 1400 the magnitude and/or direction of gas flow or the pressure
differential of the duct draw (or 'blow' for positive pressure injection locations).

In decision diamond 1516, the controller 1400 determines whether the flow
through the selected lance 1004ais acceptable. This can be done by comparing the duct
draw measurement against historical measurements.

When the flow isnot acceptable, the controller 1400, in step 1520, closes valve

1448 and opens valve 1444 to cause a determined amount of purge gas to pass, commonly
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in short bursts, through the second sensor 1456 and selected lance 1004a. The bursts can
be formed by rapidly opening and closing avalve, such asvalve 1444. The bursts can
have a different characteristic (e.g., pressure, composition, temperature, and/or flow
velocity) compared to the additive-containing fluid. The second sensor 1456 measures the
purge gas flow volume through the lance 1004a. Valve 1444 isthen closed and valve
1448 opened to measure the duct draw.

In decision diamond 1524, the controller 1400 determines whether the flow
through the selected lance 1004ais acceptable.

When the flow isnot acceptable, the controller 1400 returns to and repeats step
1516.

When the flow is acceptable, the controller 1400, in step 1528, selects anext
branch/lance and returns to step 1508.

When each branch 1008 and 1012 and all lances 1004a-f have been cleaned, valve
1440 is closed and valves 1432, 1404, 1408, 1412, 1416, 1420, 1424, 1428, and 1436 are
opened. The rotary valve 612 is activated, and the mixing and delivery systems returned
to operation.

In another embodiment, the additive material collected in the mixing and delivery
systems isremoved chemically by achemical cleaner. The chemical cleaner may be
flowed through the mixing and delivery systems in the liquid or gas phases. Typically, the
flow of the additive and carrier gas isterminated during chemical cleaning. In one
configuration, the additive supply isterminated while the carrier gas supply is continued.
The chemical cleaner is added to the flow of carrier gas, which removes the unwanted
additive or additive derivative deposits. Over time and despite maintaining the mixing and
delivery systems dry and cool, trace amounts of carbonate can form and ultimately may
degrade the ability of the systems to convey material. These precipitates are typicaly
removed by mechanical means, which most often requires manual cleaning. This requires
maintaining atrained employed to serve in this capacity, or adding this function to an
existing employee's job role. It also requires mechanical cleaning, which involves
exposing aworker to alkaline materials and/or carbonates.

In this embodiment, acleaning agent, such as a dilute mineral acid, isused to react
with the carbonate formation to dissolve or remove it after some preset amount of

plugging or reduced flow is discovered. The mineral acid could be a scrubbing solution,
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which contains dissolved acid gases, such as nitrogen oxides and sulfur oxides. Sincethe

process istypically aclosed system and initiated only when necessary, it servesto

alleviate system downtime and contributes to the overall availability of the additive

introduction system. Since the process is preferably a closed system, there can be minimal

contact with personnel, reducing the risk and training required to perform this function.
EXPERIMENTAL

The following examples are provided to illustrate certain embodiments of the
invention and are not to be construed as limitations on the invention, as set forth in the
appended claims. All parts and percentages are by weight unless otherwise specified.

Experiment 1

An evaluation of the additive introduction system and other features disclosed
herein was carried out on a coal-fired electric generating unit at full scale during athree-
month period. The equipment employed during the evaluation was configured as
disclosed herein and consisted primarily of a storage silo, a supplemental storage vessel, a
compressed air motive package, modified rotary air lock, conveying structures, alinear
distribution manifold with cleaning systems and injection lance array.

The evaluation was carried out to study the effectiveness of the additive induction
system, the carrier gas treatment system, the mixing system, the delivery system and the
cleaning system. The resulting efficiency and reliability of the disclosed components were
evaluated in addition to the relative to effect of additive addition on air heater pressure
drop, the effectiveness of the additive addition on particulate pollutant control, additive
addition on heat transfer structure.

Additive addition was carried out initially a low mass feed rates (300 - 400 Ib/hr)
for limited duration (3 - 4 hours). Asreliability of the disclosed components was
established, additive addition rates were subsequently increased after verifying no adverse
impacts on host unit operations (e.g., air heater pressure drop, particulate matter emissions,
duct opacity, etc.). Inthe final phase of the evaluation, additive addition was increased to
nearly 2000 Ib/hour and sustained for 30 days. The duration of continuous, failure-free
operations was 38 days.

A postmortem evaluation of disclosed components revealed that the system
operated as conceived during design. Specific evaluation of typically high-failure areas
showed no indication of wear, plugging or caking due to carbonate buildup.
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A number of variations and modifications of the disclosure can be used. It would
be possible to provide for some features of the disclosure without providing others.

For example in one alternative embodiment, external cooling or insulation is
employed to substantially minimize the effects of heating from the surrounding
environment (e.g., sun or some nearby process heat input). External cooling can be done
by external cooling or insulation on the conveyance line.

In other embodiments, thermal management of the conveying system components
is done by proximity to soil (earth) or installation in atrench or "covered pipe tray” to
facilitate reduced thermal loading of system components.

In other embodiments, aventuri cooler ispositioned downstream of the
compressed gas dryer.

The present disclosure, in various aspects, embodiments, and configurations,
includes components, methods, processes, systems and/or apparatus substantialy as
depicted and described herein, including various aspects, embodiments, configurations,
subcombinations, and subsets thereof. Those of skill in the art will understand how to
make and use the various aspects, embodiments, and configurations, after understanding
the present disclosure. The present disclosure, in various aspects, embodiments, and
configurations, includes providing devices and processes in the absence of items not
depicted and/or described herein or in various aspects, embodiments, and configurations
hereof, including in the absence of such items as may have been used in previous devices
or processes, e.g., for improving performance, achieving ease and\or reducing cost of
implementation.

The foregoing discussion of the disclosure has been presented for purposes of
illustration and description. The foregoing is not intended to limit the disclosure to the
form or forms disclosed herein. In the foregoing Detailed Description for example,
various features of the disclosure are grouped together in one or more, aspects,
embodiments, and configurations for the purpose of streamlining the disclosure. The
features of the aspects, embodiments, and configurations of the disclosure may be
combined in alternate aspects, embodiments, and configurations other than those discussed
above. This method of disclosure isnot to be interpreted as reflecting an intention that
the claimed disclosure requires more features than are expressly recited in each claim.

Rather, asthe following claims reflect, inventive aspects lie in less than al features of a
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single foregoing disclosed aspects, embodiments, and configurations. Thus, the following
claims are hereby incorporated into this Detailed Description, with each claim standing on
its own as a separate preferred embodiment of the disclosure.

Moreover, though the description of the disclosure has included description of one
or more aspects, embodiments, or configurations and certain variations and modifications,
other variations, combinations, and modifications are within the scope of the disclosure,
e.g., asmay bewithin the skill and knowledge of those in the art, after understanding the
present disclosure. It isintended to obtain rights which include alternative aspects,
embodiments, and configurations to the extent permitted, including alternate,
interchangeable and/or equivalent structures, functions, ranges or steps to those claimed,
whether or not such aternate, interchangeable and/or equivalent structures, functions,
ranges or steps are disclosed herein, and without intending to publicly dedicate any
patentable subject matter.
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What isclamed is;

1 A method, comprising:

compressing, by a compressor, acarrier gas to form a.compressed carrier gas,

contacting an additive with the compressed carrier gasto form an additive-
containing fluid; and

introducing the additive-containing fluid into a contaminated gas stream.

2. The method of claim 1, wherein the treated carrier gas has atemperature
below about 95°F, atotal pressure of not greater than about 25 psi, and a dew point of less
than about 30°F and wherein a degree of compression of the carrier gasto form the
compressed carrier gas ranges from about 1.10:1 to about 1.60:1.

3. The method of claim 1, further comprising at least one of:

cooling, by an after cooler, the compressed carrier gasto form a cooled
compressed carrier gas; and

cooling, by avortex tube, the compressed carrier gas.

4. The method of claim 1, further comprising:

drying, by a compressed gas dryer, the compressed carrier gasto form atreated
carrier gas, wherein the treated carrier gas is contacted with the additive in the contacting
step and wherein arelative humidity of the treated carrier gas isno more than about 10%.

5. The method of claim 1, wherein the contacting step comprises the sub-
steps:

expanding the compressed carrier gasto cool adiabatically the compressed carrier
gas and form an expanded carrier gas, wherein avelocity of the expanded carrier gasis a
least a saltation velocity; and

releasing additive particles into at least one of the compressed carrier gas and
expanded carrier gas to form the additive-containing fluid, wherein the additive particles
are entrained substantially in the additive-containing fluid.

6. The method of claim 5, wherein aflow cross sectiona expansion from an
inlet conduit to an outlet isat least about 300% and wherein the velocity of the expanded
carrier gas decreases by about 75%>t0 about 95%>.

7. The method of claim 5, wherein the additive particles are at least one of
lime, abicarbonate, and trona, wherein the additive particles are contacted with the at least

one of the compressed carrier gas and expanded carrier gas by arotary valve and wherein
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alength of the rotary valve is a least about 80% of alength of amanifold containing the at
least one of the compressed carrier gas and expanded carrier gas.

8. The method of claim 1, wherein the introducing step comprises the sub-
steps:

passing the additive-containing fluid through a linear manifold and at least one
lance, wherein a cross-sectional areanormal to flow of the manifold is substantially the
same as a cumulative cross-sectional areanormal to flow of the at least one lance.

9. The method of claim 1, wherein the introducing step comprises the sub-
steps:

passing the additive-containing fluid through at least one lance, the a least one
lance extending into the contaminated gas stream, the contaminated gas stream having a
temperature above about 90°F, wherein the at least one lance is cooled by a cooling
medium to maintain an interior of the at least one lance a atemperature below the
temperature of the contaminated gas stream.

10. The method of claim 1, wherein the introducing step comprises the sub-
steps:

passing the additive-containing fluid through at least one lance, the a least one
lance comprising an eductor nozzle.

11. A system, comprising:

acarrier gas treatment system to compress a carrier gas and form atreated carrier
gas stream;

amixing system to contact additive particles with the treated carrier gas stream and
form an additive-containing fluid; and

adelivery system to introduce the additive-containing fluid into the contaminated
gas stream.

12. The system of claim 11, wherein the carrier gas treatment system comprises
a compressor to compress the carrier gas into a compressed carrier gas.

13. The system of claim 12, wherein the carrier gas treatment system comprises
an after cooler to cool the compressed carrier gas and form a cooled compressed carrier
gas.

14. The system of claim 11, wherein the carrier gas treatment system comprises

a compressed gas dryer to dry the compressed carrier gas and form the treated carrier gas
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stream.

15. The system of claim 11, wherein the mixing system comprises:

first and second conduits, the second conduit having aflow cross sectional area at
least about 300% of aflow cross sectional area of the first conduit, the first conduit being
located upstream of the second conduit, whereby the treated carrier gas expands asthe
treated carrier gas flows from the first to the second conduit.

16. The system of claim 11, wherein the additive particles are at least one of
lime, abicarbonate, and trona and wherein the mixing system comprises.

17. A rotary valve having avolumetric discharge per revolution of rotary valve
of a least 0.05 ft'/rev.

18. The system of claim 11, wherein the delivery system comprises alinear
manifold and at least one lance, wherein a cross-sectional area normal to flow of the
manifold is substantially the same as a cumulative cross-sectional area normal to flow of
the at least one lance.

19. The system of claim 11, wherein the delivery system comprises at least one
lance, the at least one lance extending into the contaminated gas stream, the contaminated
gas stream having atemperature above about 90°F, wherein the at least one lance is cooled
by acooling medium to maintain an interior of the at least one lance a atemperature
below the temperature of the contaminated gas stream.

20. The system of claim 11, wherein the delivery system comprises at least one
lance, the at least one lance comprising an eductor nozzle.

21. A system, comprising :

at least one lance for receiving an additive-containing fluid and introducing the
additive-containing fluid into a contaminated gas stream, the & least one lance extending
into the contaminated gas stream, the contaminated gas stream having atemperature above
about 95°F, wherein the at least one lance is cooled by a cooling medium to maintain an
interior of the a least one lance at atemperature below the temperature of the
contaminated gas stream.

22. A system, comprising:

at least one lance for receiving an additive-containing fluid and introducing the
additive-containing fluid into a contaminated gas stream, the & least one lance comprising

an eductor nozzle.
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23. The system of claim 22, wherein an interior flow pathway of the at least
one lance comprises at least one of azinc plating, a coating of inert polymers, and a
ceramic coating.

24. A method, comprising:

detecting, by aprocessor, a stimulus associated with cleaning of an additive
introduction system, the additive introduction system delivering an additive into a
contaminated gas stream;

terminating, by the processor, a supply of additive while continuing to supply a
carrier gasto the additive introduction system;

determining, by the processor, whether a gas flow is acceptable;

when the gas flow is not acceptable, terminating, by the processor, the supply of
the carrier gas to the additive introduction system; and

passing apurge gas through the additive introduction system to remove deposited
additive or aderivative thereof.

25. The method of claim 24, wherein the additive introduction system
comprises aplurality of lances extending into the contaminated gas stream and wherein
each lance isfluidically isolated by valves and sequentially subjected to the steps of claim
22.

26. A method, comprising:

detecting, by aprocessor, a stimulus associated with cleaning of an additive
introduction system, the additive introduction system delivering an additive into a
contaminated gas stream;

terminating, by the processor, a supply of additive to the additive introduction
system; and

passing achemical cleaner through the additive introduction system, the cleaner
removing substantially deposits of the additive and/or an additive derivative from the
additive introduction system.
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