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Description
BACKGROUND

[0001] Thisdisclosure relates to a method for decreas-
ing nitrogen oxide ("NO,") emissions from a fluidized bed
combustion system. In particular, this disclosure relates
to the selective injection of areactant into the combustion
system for reducing NO, levels in the gaseous products
of combustion in the fluidized bed combustion system.
[0002] Figure 1 is a schematic depiction of the prior art
and shows a fluidized bed combustion system 100. In
the circulating fluidized bed combustion system 100, fuel,
bed material and possible sorbent material are fluidized
in a furnace 2 with fluidizing air, which is introduced to
the furnace 2 via an air introduction port 20. In general,
air is introduced to the furnace 2 through various intro-
duction ports located at different levels of the furnace 2,
but for clarity, the Figure 1 only depicts a single means
for introducing air into the furnace 2. Exhaust gases pro-
duced in the furnace 2 and other particulate matter en-
trained in the exhaust gases are discharged through a
solids separator inlet duct 4 in the elevated portions of
the furnace 2 to a solids separator 8. In the solids sepa-
rator 8, which is usually a cyclone, most of the particulate
matter is separated from the exhaust gases and returned
to the furnace 2 via a solids return duct 6.

[0003] The exhaust gases are led from the solids sep-
arator 8 through an outlet duct 14 to an exhaust gas duct
18. which comprises heat transfer surfaces (not shown)
for cooling the exhaust gases and for producing steam
that may be used for heating the fluidized air respectively.
Exhaust gases produced in the furnace 2 generally con-
tain NO,, which is environmentally unfriendly. It is there-
fore desirable to neutralize the NO, prior to venting any
portion of the exhaust gases into the atmosphere. Urea,
aqueous or anhydrous ammonia (hereinafter ammonia),
or other reagents having an ammonium radical are gen-
erally used to neutralize NO,.

[0004] To reduce NO, emission levels, selective non-
catalytic reduction ("SNCR") methods and selective cat-
alyticreduction methods ("SCR") are employed. InSNCR
methods, areactant such as urea or ammonia is injected
into the combustion system to react with the NO,, fouling
nitrogen ("N,") and water ("H,0"). The reactant is gen-
erally injected through numerous ports at various loca-
tions across the combustion system including the fur-
nace, the separator, and the duct connecting the furnace
and separator.

[0005] With reference once again to the Figure 1, the
reactant (for the neutralization of NO,) is generally intro-
duced into the fluidized bed combustion system 100 ei-
therinthe inletduct 4 via a port 22, or directly to the solids
separator 8 via another port 24 or at the top 12 of the
vortex finder 16 located in a dome at the upper end of
the solids separator 8. Each of these points of introduc-
tion has drawbacks.

[0006] For example, inefficient utilization of the reac-
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tant often prevents the SNCR methods from obtaining
the desired degree of decrease in NO, levels. For more
efficient usage of the reactant, it is desirable to have a
high residence time of the reactant in the system, a high
degree of mixing of the reactant with the NO,-containing
exhaust gases, and a low degree of mixing of the reactant
with the particulate materials circulating in the system.
Present systems often suffer from inefficient use of the
reactant. For example, systems that inject the reactant
into the furnace 2 and systems that inject the reactant
into various locations across the inlet duct 4 may suffer
from too much mixing of the reactant with the particulate
materials and insufficient mixing of the reactant with the
NO,-containing exhaust gases. Similarly, systems that
inject the reactant into the solids separator 8 or at the top
12 of the vortex finder 16 may suffer from insufficient
distribution and residence time and from insufficient mix-
ing of the reactant with the NO,-containing exhaust gas-
es. All such system have injection ports or lances thatdo
not penetrate sufficiently into the bulk on the gas duct
because of concerns with high temperature and clogging
of the ports. Inefficient utilization of the reactant results
in excessive use of the reactant, which adds to the cost
of the SNCR method. Additionally, adding excessive
amounts of the reactant can generate new pollution prob-
lems.

[0007] The high temperatures encountered in the fur-
nace 2 and the solids separator 8 often limit the materials
and the types (e.g., designs) of NO, reducing systems
that can be introduced for reducing the NO, content in
the exhaust gas stream. In addition, the high particulate
content in the exhaust gas stream also results in a deg-
radation of NO, reducing systems, thus reducing the life
cycle of such devices and increasing the amount of main-
tenance thatis to be conducted on the fluidized bed com-
bustion system 100.

A] US 5,681,536 discloses an injection lance for in-
jecting a mixture of air and anhydrous ammonia into
a boiler having a flue gas stream moving there-
through to reduce nitrogen oxides therein. US
5,681,536 also discloses that preferably the nozzles
are positioned on the lance so that the ammonia-air
mixture is directed into the flue gases at aright-angle
thereto.

B] WO 2005/001,338 A discloses a coaxial injection
device for injecting and dispersing reagents into a
reactor including an exterior duct for high-velocity
gas injection, an outer-middle injector with at least
one nozzle for liquid injection, an inner-middle duct
for low-velocity gas injection and an interior injector
with nozzle for liquid injection. The fluids exit the in-
jector and the high-velocity gas disperses the liquids
and other gas in the reaction space.

C]US 4,985,218 Adisclosesintroducing neutralizing
gases into a flue gas stream via a port located at the
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longitudinal end of the lance.

D] WO 91/00,134 discloses an injection apparatus
for distributing chemical agents into the effluent from
the combustion of a carbonaceous fuel. The appa-
ratus comprises a lance having an interior wall, an
exterior wall and an interior conduit. The lance com-
prises a cooling jacket that has orifices disposed
thereon. An injection shaft is disposed in the interior
conduit. The shaft has ports that are aligned with
orifices in the lance.

[0008] It is therefore desirable to have a system that
permits sufficient distribution and mixing of the reactant
with the NO,-containing exhaustgases toreduce the NO,
content in the exhaust gas stream. Itis also desirable to
have a NO, reducing system that has a robust design
that can withstand operating temperatures in the fluidized
bed combustion system 100 and that can withstand the
degrading effects of the particulates present in the ex-
haust gases.

SUMMARY

[0009] The invention is defined by claim 1.

[0010] Disclosed herein is a NO, reducing system
comprising a first inner conduit in fluid communication
with a reactant source; and a first outer conduit compris-
ing an open end for receiving the first inner conduit and
a closed end; the first outer conduit comprising a port for
discharging reactant from the reactant source into an ex-
haust gas stream.

[0011] Disclosed herein too is a NO, reducing system
comprising a conduit comprising a closed end and an
open end that is in fluid communication with a reactant
source; the conduit comprising a port for discharging re-
actant from the reactant source into an exhaust gas
stream; the port being located on a downstream surface
of the first outer conduit.

[0012] Disclosed herein too is a fluidized combustion
bed system comprising a furnace; a solids separator in
fluid communication with the furnace; the solids separa-
tor comprising a vortex finder; and an outlet duct in fluid
communication with the vortex finder; the outlet duct hav-
ing a NO, reducing system located downstream of the
vortex finder, wherein the NO, reducing system compris-
es a first inner conduit in fluid communication with a re-
actant source; and a first outer conduit comprising an
open end for receiving the inner conduit and a closed
end; the first outer conduit comprising a port for discharg-
ing reactant from the reactant source into an exhaustgas
stream; the port being located on a downstream surface
of the first outer conduit.

[0013] Disclosed herein too is a method comprising
injecting a reactant from a reactant source into a NO,
reduction system that comprises a first inner conduit in
fluid communication with the reactant source; and a first
outer conduit comprising an open end for receiving the
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first inner conduit and a closed end; the first outer conduit
comprising a port for discharging reactant from the reac-
tant source into an exhaust gas stream; the port being
located on a downstream surface of the first outer con-
duit; and discharging the reactant from the port into the
exhaust gas stream.

BRIEF DESCRIPTION OF FIGURES

[0014] With reference now to the figures where all like
parts are numbered alike;

Figure 1 is a schematic depiction of the prior art and
shows a fluidized bed combustion system;

Figure 2 depicts a NO, reducing system 200 that
comprises a supply line 28 or a plurality of supply
lines located in the outlet duct 14 downstream of the
vortex finder outlet 16 of the separator 8;

Figure 3isacross-sectionalview of the NO, reducing
system 200 comprising single supply lines 28, 30
and 32 taken at section XX’ from Figure 2;

Figure 4 is a cross-sectional view of the NO, reducing
system 200 comprising opposedly disposed supply
lines 28 and 29; 30 and 31; and 32 and 33 taken at
section XX’ from Figure 2;

Figure 5 depicts one embodiment of the outlet duct
14 containing a single supply line 28; and

Figure 6 is a schematic depiction of a first supply line
28 and a second supply line 29 that enter the outlet
duct 14 through opposing vertical walls of the outlet
duct 14.

DETAILED DESCRIPTION

[0015] The use ofthe terms "a" and "an" and "the" and
similar references in the context of describing the inven-
tion (especially in the context of the following claims) are
to be construed to cover both the singular and the plural,
unless otherwise indicated herein or clearly contradicted
by context. The modifier "about" used in connection with
a quantity is inclusive of the stated value and has the
meaning dictated by the context (e.g., it includes the de-
gree of error associated with measurement of the partic-
ular quantity). All ranges disclosed herein are inclusive
of the endpoints, and the endpoints are independently
combinable with each other.

[0016] Disclosed herein is a NO, reducing system for
a fluidized combustion bed system that comprises a re-
actant supply line that is disposed in the outlet duct of
the separator and that is located downstream of the vor-
tex finder outlet of the separator. In an exemplary em-
bodiment, the NO, reducing system comprises a plurality
of supply lines through which the reactant is discharged
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into the outlet duct of the separator. Each supply line
comprises a concentric set of conduits through which the
reactant is discharged. The inner conduit operating at
relatively low temperature advantageously provides stiff-
ness and stability to the supply lines at the elevated op-
erating temperatures ofthe fluidized bed combustion sys-
tem.

[0017] The use of a concentric set of conduits provides
the NO, reducing system with a robust design that can
withstand the elevated temperatures of the fluidized bed
combustion system without any significant adverse di-
mensional distortion of the supply lines. In addition, the
design of the NO, reducing system advantageously min-
imizes degradation such as blockage and wear brought
on by particulate matter that is generally transported by
the exhaustgases. The system also advantageously per-
mits a uniform or a biased distribution of the reactant in
the exhaust gas stream as it travels through the outlet
duct.

[0018] With reference now to the Figure 2, the NO,
reducing system 200 comprises a reactant injection line
26 that is in fluid communication with a supply line 28 or
a plurality of supply lines located in the outlet duct 14
immediately downstream of the vortex finder outlet 16 of
the separator 8.

[0019] Figure 3 is a cross-sectional view of the NO,
reducing system 200 taken at section XX’ from Figure 2.
As can be seen the reactant is discharged into the outlet
duct 14 via a plurality of single supply lines 28, 30 and
32 that are in fluid communication with a source of the
reactant via the reactant injection line 26. While the Fig-
ure 3 depicts a plurality of supply lines 28, 30 and 32, a
single supply line 30 may be used as well. The supply
lines can be disposed horizontally, vertically or at any
angle therebetween. While the Figure 2 shows that the
supply lines can be disposed in a single plane, they can
be disposed in multiple planes if desired. For example,
the supply lines can be disposed in a staggered config-
uration in the duct if desired. The supply lines 28, 30, 32,
may pass through both walls of the outlet duct 14 as
depicted in the Figures 2 and 3 or may pass through only
a single wall of the outlet duct.

[0020] While the Figure 3 shows a plurality of single
supply lines 28, 30 and 32, it is also possible to have
opposedly disposed supply lines 28 and 29; 30 and 31;
and 32 and 33 disposed in the outlet duct 14 as shown
in the Figure 4. Opposedly disposed supply lines are dis-
cussed later in the Figure 6. It is to be noted that when
the fluidized bed combustion system is run under less
demanding conditions, the first inner conduit 80 can be
eliminated with the reactant injection line 26 directly con-
nected to the first outer conduit 40.

[0021] As shown in the Figures 3 and 4, it is generally
desirable to have an average of about 1 to about 5 supply
lines per 3,048 meters (10 linear feet) of height of the
outlet duct 14, specifically about 4 supply lines per 10
linear feet of height of the outlet duct 14, and more spe-
cifically about 3 supply lines per 10 linear feet of height
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of the outlet duct 14. In emplary embodiments depicted
inthe Figures 3 and 4, for a duct having a height of 3,048
meters (10 feet), the first supply line 28 (or opposedly
disposed supply lines 28 and 29) is located closer to the
upper surface of the outlet duct than the third supply line
32 (or opposedly disposed supply lines 32 and 33) is
located to the lower surface of the outletduct. The second
supply line 30 is located above the mid-point of the height
of the outlet duct 14.

[0022] In one embodiment, the supply lines may be
evenly distributed in the outlet duct. In another embodi-
ment, the supply lines can be concentrated in one or more
portions of the outlet duct. The supply lines can be dis-
tributed in any spacing in any plane based on measure-
ments or computer modeling of exhaust gas flow or of
NO, distribution in the exhaust gas stream. In an exem-
plary embodiment depicted in the Figures 3 and 4, for a
duct having a height 3,048 meters (10 feet), the first sup-
ply line 28 (or opposedly disposed supply lines 28 and
29) is located closer to the upper surface of the outlet
duct than the third supply line 32 (or opposedly disposed
supply lines 32 and 33) is located to the lower surface of
the outlet duct. The second supply line 30 is located
above the mid-point of the height of the outlet duct 14.
[0023] Anshowninthe Figures 3 and 4, the first supply
line 28 (or opposedly disposed supply lines 28 and 29)
is disposed at a distance of about 1 foot to about 0,61
meters (2 feet) from the upper surface of the outlet duct
14, while the third supply line 32 (or opposedly disposed
supply lines 32 and 33) is disposed at a distance of about
0,61 meters (2 feet) to about 0,915 meters (3 feet) from
the lower surface of the outlet duct 14. In a preferred
embodiment, the first supply line 28 (or opposedly dis-
posed supply lines 28 and 29) is disposed at a distance
of about 1 foot and 6 inches from the upper surface of
the outlet duct 14, while the third supply line 32 (or op-
posedly disposed supply lines 32 and 33) is disposed at
adistance of about 0,61 meters (2 feet) and 15,29 cm (6
inches) from the lower surface of the outlet duct 14.
[0024] Figure 5 depicts one embodiment of the outlet
duct 14 containing a single supply line 28. As can be
seen in the Figure 5, the supply line comprises two con-
duits - a first outer conduit 40 atad a first inner conduit
80. The first outer conduit 40 comprises a first end 62
and a second and 64 and has a plurality of ports 44, 46,
48, 50, and a plurality of spacers 52, 54, 56, 58, and 60
disposed between the first end 62 and the second end
64. The first end or closed end 62 of the first outer conduit
40 is closed and serves to direct the reactants into the
space between the first outer conduit 40 and the first
inner conduit 80 as depicted in the Figure 5. The second
end or open end 64 of the first outer conduit 40 has an
opening to receive the first inner conduit 80. In one em-
bodiment, the second end 64 of the first outer conduit 40
is fixedly attached to and in intimate contact with the outer
surface of the first inner conduit 80 to form an air or fluid
tight seal. In another embodiment, the second end 64 of
the first outer conduit 40 is fixedly attached to the outer
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surface of the first inner conduit 80 but does not form an
air or fluid tight seal.

[0025] The first outer conduit 40 preferably has a cy-
lindrical cross sectional area and comprises a material
that canwithstand the hightemperatures, and the erosive
and corrosive environment of the fluidized combustion
bed system. In one embodiment, it is desirable for the
material to withstand temperatures of about 260°C (500)
to about 1204°C (2,200°F). An exemplary material is a
stainless steel such as SS309.

[0026] It is desirable for the first outer conduit 40 to
have an inner diameter of about 2.5 to about 15 centim-
eters, specifically about 5 to about 12 centimeters and
more specifically about 8 to about 10 centimeters. A pre-
ferred inner diameter is about 10 centimeters. It is desir-
able for the first outer conduit 40 to have a wall thickness
of about 2.5 to about 15 millimeters, specifically about 5
to about 12 millimeters and more specifically about 8 to
about 10 millimeters. A preferred wall thickness is about
9 millimeters.

[0027] The ports may be disposed on any portion of
the surface of the first outer conduit 40. They may be
distributed on the upstream side of the supply line 28 or
on the downstream side of the first outer conduit 40. They
may be distributed all around the outer surface of the first
outer conduit 40. In a preferred embodiment, the plurality
of parts 44, 46, 48 and 50 are disposed on the outer
surface of the first outer conduit 40 and are disposed on
the downstream side of the supply line 28 as shown in
the cross-sectional view taken at section ZZ’ depicted in
the Figure 5. The placement and orientation of the ports
on the downstream side of the supply line 28 is advan-
tageous in that it prevents the port from clogging with
particulate matter contained in the exhaust gas stream.
The ports 44, 46, 48 and 50 may be fitted with nozzles,
nipples, spray headers, or the like, or a combination com-
prising at least one of the foregoing.

[0028] As shown in the Figure 5, the central axis of
each port is disposed at an angle 0 to a vertical radius
that starts at the center of the supply line 28 and ends at
the bottom surface of the supply line 28. The angle 6 can
be varied in an amount of up to 360 degrees, specifically
about 5 to about 175 degrees. While the respective ports
can be staggered at a variety of angles between about
5toabout 175 degrees, itis preferable to have the central
axis of each port inclined at an angle 6 of about 40 to
about 50 degrees, specifically about 45 degrees.
[0029] It is desirable for the port to have an inner di-
ameter of about 0.635 to about 2.5 centimeters, specifi-
cally about 0.9 to about 1.85 centimeters, and more spe-
cifically about 1.25 to about 1.5 centimeters. A preferred
diameter for the port is about 1.27 centimeters. It is also
desirable for the port to extend radially outwards for a
distance of about 0.635 to about 2.5 centimeters from
the outer surface of the first outer conduit 40. A preferred
radial extension is about 1.27 centimeters. It is desirable
to have the ports spaced at a distance of about 1.25 to
about 12 centimeters from each other, specifically about
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1.9 to about 10 centimeters, and more specifically about
2.5 to about 5 centimeters. A preferred spacing for the
ports is about 2.5 centimeters. The supply line 28 can
have two or more ports. In one embodiment, the supply
line 28 can have about 3 to about 12 ports per supply
line. A preferred number of ports per supply line is 6 ports.
[0030] The density of ports is about 15 to about 200
ports per square meter (ports/m?2) of outlet duct 14 cross-
sectional area, specifically about 25 to about 190 ports
per square meter of outlet duct 14 cross-sectional area,
and more specifically about 30 to about 185 ports per
square meter of outlet duct 14 cross-sectional area. The
ratio of port area to outlet duct 14 cross-sectional area
is about 30 to 600 square centimeters per square meter
(cm2/m2),

[0031] Thespacersarein physical communicationwith
the inner surface of the first outer conduit 40 and the
outer surface of the first inner conduit 80 and provide
support to the first outer conduit 40. The spacers can be
used to maintain concentricity between the first outer
conduit 40 and the first inner conduit 80. In a preferred
embodiment, shown in the cross-sectional view taken at
YY’ of the Figure 5, at least three spacers may be used
in a given plane in order to support the first outer conduit
40.

[0032] With reference now again to the Figure 5, the
first inner conduit 80 has a first end (or open end) 82 and
a second end 84. The first end 82 is open and permits
thereactants to be discharged from the first inner conduit
80 tc the first outer conduit 40. The second end 84 is in
fluid communication with a source containing the reactant
(not shown). A pump. fan or blower and valves (not
shown) may be used for regulating the flow of reactant
into the supply line 28.

[0033] The first end 82 of the first inner conduit 80 is
disposed at a distance of about 0.5 to about 10 centim-
eters from the first end 62 of the first outer conduit 40. In
one embodiment, it is desirable to have the first end 82
of the first inner conduit 80 disposed at a distance of
about 1 to about 8 centimeters, specifically about 2 to
about 5 centimeters and more specifically about 2.5 to
about 3 centimeters from the first end 62 of the first outer
conduit 40.

[0034] The first inner conduit 80 preferably has a cy-
lindrical cross sectional area and comprises a material
that can withstand the temperatures and the corrosive
environment of the fluidized combustion bed system. In
one embodiment, it is desirable for the material to with-
stand temperatures of about 260°C (500) to about
1204°C (2,200°F). An exemplary material is a stainless
steel such as SS3C9.

[0035] It is desirable for the first inner conduit 80 to
have an inner diameter of about 2.5 to about 10 centim-
eters, specifically about 4 to about 8 centimeters and
more specifically about 5 to about 7 centimeters. A pre-
ferred inner diameter is about 6.4 centimeters. It is de-
sirable for the first inner conduit 80 to have a wall thick-
ness of about 2 to about 10 millimeters, specifically about
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4 to about 8 millimeters and more specifically about 5 to
about 7 millimeters. A preferred wall thickness is about
5 millimeters.

[0036] Inanexemplary embodiment, the outletduct 14
can have two supply lines that are opposingly disposed
and through which the reactant can be discharged to re-
duce the levels of NO,. Figure 6 is a schematic depictor
of a first supply line 28 and a second supply line 29 that
enter the outlet duct 14 through opposing vertical walls
ofthe outletduct 14. Both supply lines 28 and 29 comprise
a plurality of ports and a plurality of spacers as described
above. As can be seen in the Figure 6, the opposing first
ends 62 and 63 of the supply lines 28 and 29 respectively
are in physical communication with one other. The re-
spective second ends 84 and 85 of the first supply line
28 and the second supply lines 29 are in fluid communi-
cation with a source containing the reactant.

[0037] The second supply line comprises a second in-
ner conduitthatis influid communication with the reactant
source. It also comprises a second outer conduit that
comprises afirst end oropen endforreceiving the second
inner conduit. The opposite end of the second outer con-
duit has the closed end 63. The second outer conduit,
like the first outer conduit described above, comprises a
port for discharging reactant from the reactant source
into the exhaust gas stream

[0038] Inone embodiment, in one manner of proceed-
ing, a reactant such as ammonia or urea is injected from
the reactant source into the inner conduit or the respec-
tive inner conduits (when opposing supply lines are
used). The reactant may be an aqueous reactant or an
anhydrous reactant or any chemical consisting of an am-
monium radical. Upon emerging from the first outer end
of the inner conduit, the reactant is distributed into the
spaces between the outer conduit and the inner conduit.
After emerging from the port or the nozzle, the reactant
is uniformly distributed into the exhaust gas stream. As
noted above, the reactant reacts with the NO, to form
nitrogen and water.

[0039] In one embodiment, when ammonia or an am-
monium radical is used as the reactant, it is added to the
exhaust gas stream in a reactant to air volume ratio of
uptoabout 11%. A preferred volume ratio of the ammonia
to the air is about 5.

[0040] As noted above, the reactants can be used in
the aqueous form if desired. The ammonia concentration
in water can be in an amount of up to 28 percent by weight
(wt%). A preferred value for the ammonia concentration
in water is 1 wt%.

[0041] In one embodiment, when urea is used as the
reactant, it is added to the exhaust gas stream in areac-
tant to water weight ratio of up to about 14. A preferred
weight ratio of the urea to the water is about 1. The urea
concentration in water can be in an amount of up to 45
wt% . A preferred value for the urea concentration in water
is 1 wt%.

[0042] In one embodiment, it is desirable to have a
normalized molar stoichiometric ratio (NSR) of ammoni-
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um radicals to NO, of up to about 10; specifically about
0.5 to about 3, and more specifically about 1 to about 2.
A preferred NSR is about 1.5.

[0043] The aforementioned process is advantageous
in that it permits a uniform distribution of the reactant into
the exhaust gas stream. The design of the NO, reducing
system mitigates the influence of other factors, such as
for example, the amount of particulate matter, the time
for mixing, the total residence time of the reactant in the
exhaust gas stream, the density of the exhaust gas
stream, the velocity of the exhaust gas stream, and the
like. The aforementioned design reduces the amount of
ammonia slip. The ammonia slip refers to part of the un-
reacted ammonia that is not consumed in neutralizing
the NO, that ends up in the exhaust gas stream 18.
[0044] In one embodiment, the amount of ammonia
slip is reduced to less than or equal to about 10 parts per
million (ppm) specifically less than or equal to about 5
ppm and more specifically less than or equal to about 2
ppm.

[0045] Another advantage provided by the present de-
sign is that inner conduit serves as a source of stiffness
and rigidity for the supply lines. Since cool reactant gases
pass through the inner conduit, the inner conduit oper-
ates at low temperature range of 10°C (50) to 343,3°C
(650°F), which maintains its rigidity and this serves to
mechanically support the supply line. Thus the distortion
of the supply lines is minimized when the supply line is
subjected to the elevated temperatures of the fluidized
bed combustion system. Additionally, it eliminates the
need for an elaborate intrusive support structure that will
be vulnerable to the corrosion, erosion and adverse ef-
fects of high temperature.

[0046] Yet another advantage provided by the design
is the reduced corrosion of the ports and/or the nozzle.
The placement and orientation of the ports and/or noz-
zles on the downstream side of he supply line is advan-
tageous in that it prevents the port and/or nozzles from
clogging with particulate matter contained in the exhaust
gas stream. The extended life cycle of the ports and/or
nozzles facilitates reduced down time for maintenance
and reduced costs associated with the replacement of
parts.

[0047] The allowing example, which is meant to be ex-
emplary, not limiting, illustrates the method of reducing
NO, in an actual power plant as described herein.

EXAMPLE

[0048] This sample was conducted to demonstrate the
viability of such a system. A system was retrofitted to a
nominally 300MW Circulating fluidized bed boiler at an
East Kentucky Power station. The outletducthad a height
of 3,048 meters (10 feet) and the supply lines were spa-
tially arranged as depicted in the Figure 4. The outer con-
duit had a diameter of 10,16 cm (4 inches) and was man-
ufactured from stainless steel (SS309). The inner conduit
had a diameter of 4,88 cm (2.5) inches) and was also
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manufactured from stainless steel (SS309). The oppos-
edly disposed supply line configuration of the Figure 4
was used to introduce anhydrous ammonia into the ex-
haust gas stream. The first end of the first inner conduit
is disposed at a distance of about 2.54 centimeters from
the first end of the first outer conduit. The outlet duct
temperature was varied between 730 to 950°C. The
number of ports per supply line was 6 ports. The ports
were located on the downstream side of the outer conduit
surfaces and were inclined at angles 6 of 45 degrees.

[0049] Tie volume ratio of the ammonia to the air from
the reactant source was set at 5. The NSR was 1.5. This
system improved the NO, emission from 45,37 g (0.1
Ib)/mm Btu down to 36,28 g (0.08 Ib)/mm Btu while re-
ducing the ammonia consumption and reducing the am-
monia slip from greater than 25 ppm to less than 5 ppm.

Claims

1. Afluidized bed combustion system comprising a fur-
nace (2), a solids separator (8) in fluid communica-
tion with the furnace (2); the separator comprising a
vortex finder (16); and an outletduct (14) in fluid com-
munication with the vortex finder (16); the outlet duct
(14) having a NOx reducing system located down-
stream of the vortex finder (16), the NOx reducing
system comprising:

a first inner conduit (80) in fluid communication
with a reactant source; and

afirst outer conduit (40) comprising an open end
for receiving the first inner conduit (80) and a
closed end; the first outer conduit (40) compris-
ing a plurality of ports (44, 46, 48, 50) for dis-
charging reactant from the reactant source into
an exhaust gas stream, wherein the ports are
located on a downstream side of the first outer
conduit (40); the downstream side being defined
by a flow direction of the exhaust gas stream in
the duct.

2. The fluidized bed combustion system of Claim 1,
wherein the open end of the first outer conduit (40)
is fixedly attached to and in intimate contact with an
outer surface of the first inner conduit (80).

3. The fluidized bed combustion system of Claim 1,
wherein the first outer conduit (40) has an inner di-
ameter of 2.5 to 15 centimeters, and the first inner
conduit has an inner diameter of 2.5 to 10 centime-
ters.

4. The fluidized bed combustion system of Claim 1,
wherein a central axis of each port (44, 46, 48, 50)
is inclined at an angle of 40 to 50 degrees to aradius
to the first outer conduit (40) that is perpendicular to
the exhaust gas stream.
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5. The fluidized bed combustion system of Claim 1,
wherein the port (44, 46, 48, 50) has an inner diam-
eter of 0.635 to 2.5 centimeters.

6. The fluidized bed combustion system of Claim 1,
wherein the port (44,46, 48, 50) extends radially out-
wards for a distance of 0.635 to 2.5 centimeters from
an outer surface of the first outer conduit (40).

7. Thefluidized bed combustion system of Claim 1, fur-
ther comprising a spacer (52, 54, 56, 58, 60) dis-
posed between and in physical contact with the first
inner conduit (80) and the first outer conduit (40).

8. The fluidized bed combustion system system of
Claim 1, wherein the first outer conduit (40) compris-
es 3 to 12 ports.

9. The fluidized bed combustion system system of
Claim 1, wherein an open end of the first inner con-
duit (80) is disposed at a distance of 0.5 to 10 cen-
timeters from a closed end of the first outer conduit
(40)

10. The fluidized bed combustion system of Claim 1,
wherein the reactant is an ammonium radical.

11. The fluidized bed combustion system of Claim 1, fur-
ther comprising a second inner conduit in fluid com-
munication with the reactant source; and a second
outer conduit comprising an open end for receiving
the second inner conduit and a closed end; the sec-
ond outer conduit comprising a port for discharging
reactant from the reactant source into an exhaust
gas stream.

12. The fluidized bed combustion system of Claim 11,
wherein the closed end of the first outer conduit (40)
is in physical communication with the closed end of
the second outer conduit.

Patentanspriiche

1.  Wirbelschicht-Verbrennungssystem, umfassend ei-
ne Feuerung (2), einen Feststoffseparator (8) in Flu-
idverbindung mit der Feuerung (2); wobei der Fest-
offseparator einen Vortex-Finder (16) umfasst; und
eine Auslassleitung (14) in Fluidverbindung mitdem
Vortex-Finder (16); wobei die Auslassleitung (14) ein
NOx-Reduktionssystem aufweist, das stromabwarts
bezogen auf den Vortex-Finder (16) angeordnet ist,
wobei das NOx-Reduktionssystem umfasst:

ein erstes inneres Rohr (80) in Fluidverbindung
mit einer Reaktionsmittelquelle; und

ein erstes duReres Rohr (40), umfassend ein
offenes Ende zum Aufnehmen des ersten inne-
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ren Rohrs (80) und ein geschlossenes Ende;
wobei das erste duRere Rohr (40) eine Vielzahl
von Stutzen (44, 46, 48, 50) zum AusstoRen von
Reaktionsmittel aus der Reaktionsmittelquelle
in einen Abgasstrom umfasst, wobei die Stutzen
an einer stromabwarts liegenden Seite des ers-
ten auReren Rohrs (40) angeordnet sind; wobei
die stromabwarts liegende Seite durch die
Flussrichtung des Abgasstroms in der Leitung
definiert ist.

Wirbelschicht-Verbrennungssystem gemall An-
spruch 1, wobeidas offene Ende des ersten duReren
Rohrs (40) festan einer AuRenoberflache des ersten
inneren Rohrs (80) und in engem Kontakt damit be-
festigt ist.

Wirbelschicht-Verbrennungssystem gemalk An-
spruch 1, wobei das erste aulRere Rohr (40) einen
Innendurchmesser von 2,5 bis 15 Zentimeter auf-
weist und das erste innere Rohr einen Innendurch-
messer von 2,5 bis 10 Zentimeter aufweist.

Wirbelschicht-Verbrennungssystem gemalk An-
spruch 1, wobei die zentrale Achse jedes Stutzens
(44, 46, 48, 50) mit einem Winkel von 40 bis 50 Grad
bezogen auf den Radius des ersten duReren Rohrs
(40), der senkrecht zu dem Abgasstrom steht,
schrag steht.

Wirbelschicht-Verbrennungssystem gemalk An-
spruch 1, wobei der Stutzen (44, 46, 48, 50) einen
Innendurchmesservon 0,635 bis 2,5 Zentimeter auf-
weist.

Wirbelschicht-Verbrennungssystem gemall An-
spruch 1, wobeider Stutzen (44,46, 48, 50) um einen
Abstand von 0,635 bis 2,5 Zentimeter von der Au-
Renoberflache des ersten auReren Rohrs (40) radial
nach aullen ragt.

Wirbelschicht-Verbrennungssystem gemal An-
spruch 1, ferner umfassend einen Abstandshalter
(52, 54, 56, 58, 60), angeordnet zwischen und in
physischem Kontakt mit dem ersten inneren Rohr
(80) und dem ersten dulReren Rohr (40).

Wirbelschicht-Verbrennungssystem gemalk An-
spruch 1, wobei das erste aulRere Rohr (40) 3 bis 12
Stutzen aufweist.

Wirbelschicht-Verbrennungssystem gemall An-
spruch 1, wobei ein offenes Ende des ersten inneren
Rohrs (80) in einem Abstand von 0,5 bis 10 Zenti-
meter von einem geschlossenen Ende des ersten
auleren Rohrs (40) angeordnet ist.

10. Wirbelschicht-Verbrennungssystem gemall An-
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1.

spruch 1, wobei das Reaktionsmittel ein Ammoni-
umradikal ist.

Wirbelschicht-Verbrennungssystem gemaR An-
spruch 1, fernerumfassend ein zweites inneres Rohr
in Fluidverbindung mit der Reaktionsmittelquelle;
und ein zweites duBeres Rohr umfassend ein offe-
nes Ende zum Aufnehmen des zweiten inneren
Rohrs und eingeschlossenes Ende; wobeidas zwei-
te auRere Rohr einen Stutzen zum AusstoRen von
Reaktionsmittel aus der Reaktionsmittelquelle in ei-
nen Abgasstrom umfasst.

12. Wirbelschicht-Verbrennungssystem gemall An-

spruch 11, wobeidas geschlossene Ende des ersten
auleren Rohrs (40) in physischer Verbindung mit
dem geschlossenen Ende des zweiten &uReren
Rohrs steht.

Revendications

Systéme de combustion a lit fluidisé comprenant
un four (2),

un séparateur de matiéres solides (8) en communi-
cation fluidique avec le four (2) ; le séparateur de
matiéres solides comprenant un diaphragme de cy-
clone (16) ; et

une canalisation de sortie (14) en communication
fluidique avec le diaphragme de cyclone (16) ; la ca-
nalisation de sortie (14) ayant un systéme de réduc-
tiondes NOx situé en avaldudiaphragme de cyclone
(16), le systéme de réduction des NOx comprenant :

un premier conduit interne (80) en communica-
tion fluidique avec une source de réactif ; et

un premier conduit externe (40) comprenantune
extrémité ouverte destinée a recevoir le premier
conduit interne (80) et une extrémité fermée ; le
premier conduit externe (40) comprenant une
pluralité d’orifices (44, 46, 48, 50) destinés a dé-
verserdu réactif provenantde la source de réac-
tif dans un flux de gaz effluent, les orifices étant
situés sur un cété aval du premier conduit ex-
terne (40) ; le coté aval étant défini par un sens
de circulation du flux de gaz effluent dans la ca-
nalisation.

Systéme de combustion a lit fluidisé selon la reven-
dication 1, dans lequel 'extrémité ouverte du premier
conduit externe (40) est fixée a demeure a une sur-
face externe du premier conduit interne (80) et en
contact intime avec celle-ci.

Systéme de combustion a lit fluidisé selon la reven-
dication 1, dans lequel le premier conduit externe
(40) a un diametre interne de 2,5 a 15 centimétres
et le premier conduit interne a un diameétre interne
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de 2,5 a 10 centimétres.

Systéme de combustion a lit fluidisé selon la reven-
dication 1, dans lequel un axe central de chaque
orifice (44, 46, 48, 50) est incliné a un angle de 40
a 50 degrés par rapport a rayon du premier conduit
externe (40) qui est perpendiculaire au flux de gaz
effluent.

Systéme de combustion a lit fluidisé selon la reven-
dication 1, dans lequel l'orifice (44, 46, 48, 50) a un
diamétre interne de 0,635 a 2,5 centimétres.

Systéme de combustion a lit fluidisé selon la reven-
dication 1, dans lequel lorifice (44, 46, 48, 50)
s’étend radialement vers I'extérieur sur une distance
de 0,635 a 2,5 centimétres a partir d’'une surface
externe du premier conduit externe (40).

Systéme de combustion a lit fluidisé selon la reven-
dication 1, comprenant en outre une entretoise (52,
54, 56, 58, 60) disposée entre le premier conduit
interne (80) et le premier conduit externe (40) et en
contact physique avec ceux-ci.

Systéme de combustion a lit fluidisé selon la reven-
dication 1, dans lequel le premier conduit externe
(40) comprend 3 a 12 orifices.

Systéme de combustion a lit fluidisé selon la reven-
dication 1, dans lequel une extrémité ouverte du pre-
mier conduitinterne (80) estdisposée a une distance
de 0,5 a 10 centimétres d’une extrémité fermée du
premier conduit externe (40).

Systéme de combustion a lit fluidisé selon la reven-
dication 1, dans lequel le réactif est un radical am-
monium.

Systéme de combustion a lit fluidisé selon la reven-
dication 1, comprenant en outre un second conduit
interne en communication fluidique avec la source
deréactif ; et un second conduit externe comprenant
une extrémité ouverte destinée a recevoir le second
conduit interne et une extrémité fermée ; le second
conduit externe comprenant un orifice destiné a dé-
verser du réactif provenant de la source de réactif
dans un flux de gaz effluent.

Systéme de combustion a lit fluidisé selon la reven-
dication 11, dans lequel 'extrémité fermée du pre-
mier conduit externe (40) est en communication phy-
sique avec I'extrémité fermée du second conduit ex-
terne.
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