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EL EXTRACTO DE LA PRESENTE SOLICITUD DE PATENTE DE INVENCICN
FUE PUBLICADO EN LA GACETA DE PROPIEDAD INDUSTRIAL No 587 DE
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en la gaceta de Propiedad Industrial, debera solicitar y cancelar el examen de
patentabilidad so pena de que la solicitud caiga en abandono, de acuerdo con lo
establecido en el Articulo 44 de la Decision 486/2000.
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TABLE 1
NO Reduction when NO is Mixed with Oxygen Rich Gas
Initial NO., Final NO

Test as ppm of total gas as ppm of total gas

1 0 20

2 130 130

3 580 310

4 1000 430

In Test 1. no nitrogen oxide was introduced with the
oxidizer and 20 ppm was produced during the reaction;
this result was not surprising. In Test 2, no change in the
nitrogen oxide ovcurred; and this resuit, starting from a

modest amount of NO, was not surprising. In Test 3 ;-

« ke a Gur

where 580 ppm of NO was reduced to 310 ppm, and in
Test 4 where 1000 ppm of NO was reduced to 480 ppm,
the results were positive and better than expected.

A second set of experiments was conducted in which
the NO was introduced as concentrated NO at the cen-
ter line of the impinging jets. The NO readings were 20
to 40 ppm independently of the amount of NQ intro.-
duced. Surprisingly, this set of experiments shows that
when the NO is actually brought to the reacting inter-
face between air-rich and fuel-rich streams it can be
expected to approach very close to the equilibrium
value. Table 2 shows the results which are plotted in
FIG. 1 as circles.

TABLE 2
Initial NO, Final NO

Tes 25 ppm of wtsl geo a5 pp= of tosal gas

5 20 20

6 190 25

7 210 20

8 450 40

9 620 20
10 910 30

From these results it can be seen that witen fuef is
introduced into flue gas at a place in the furnace whese
the resulting combustion temperature is low, the NO in
the flue gas will be reduced; very large reductions can
be achieved. The necessary apparatus may be intro-
duced at any suitable point in the air intake circait
Through such apparatus we introduce into the second-
ary air stream natural gas or other gases or volatile fuels
having little or no fixed nitrogen. The resulting fuel/air
mixture does not have enough fack to burm at ambicm
temperatures. However, as it mixes with flames in the
furnace or hot gases from the primary flames, the fuel so
introduced will burn. Much of it burns at temperatures
well below the peak flame temperature.

Because of the simplicity of this system, it is well-
suited for retrofitting existing coal furnaces. Because
the process relies only on natural mixing, there is no
need for an air addition stage. Because natural gas burns
more rapidly at a lower temperature than coal, the fock
can be introduced at a higher elevation and lower tem-
perature. This lower temperature acts to reduce the
equilibriam level of nitrogen oxide in the flue gas and,
hence, increases the nitrogen oxide reduction possibic.
Finally, duct work is not necessary for injection air nos
for completion air. As a consequence, the cost of reduc-
ing the nitrogen oxide emissions in the flue gas is greatly
reduced. Other objects and advantages of the invention
will become apparent as a descriptior of the preferred
embodiments proceeds.
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BRIEF DESCRIPTION OF THE DRAWINGS

- F1G. 11is a graph of NO destruction in fuel-lean lami-
nar diffusion flames.
FIG. 2 s & schematic of & furnece arrangement suit-
able for the practice of our invention,
FIG. 3 is a side view partially in section of 2 a fuel
injection pipe which can be used in the furnace of FIG.
2

FIG. 4 is a side view partially in section of a fuel
e with an auuhir operbng witich can be used in
the furnace of FIG. 2,

FIG. § is a side view partially in section of an orifice
which can be used in the furnace of FIG. 2.

FiG. 6 is a side view partiaiiy in section of a converg-
ing-diverging nazrzle which can be used in the furnace
of FIG. 2. '

FIG. 7 is a side view of a metallic fuel diffuser which
can be used in the furnace of FIG. 2.

FIG. 8 is a side view partially in section of a ceramic
fuei diffuser which can be used in the furnace of FIG. 2.

F1G. 9is 2 side view partially in section of 2 fberglacs.
or ceramic sock which can be used in the furnace of
FIG. 2.

FIG. 10 is a schematic of a portion of the furnace of
FIG. 2 iliustrating the apparent diffusion mechanics in
our method.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

Our improved apparzatus for reducing nitrogen oxide
emissions in furnace flue gas can be readily retrofitted to
an existing furnace. Our method and apparatus can be
used for a wide variety of furnaces. The furnace could
be a boiler, a process heater, an incinerator or the type
of furnace which directly or indirectly supplies hot
gases to heat materials in & process..The furnace 12
shown in FIG. 2 is designed to consute coat mitied ang
wixed with primary air ot any aother fuel. The fuel en-
ters the furnace 12 by way of fuel entries 13, 14 and 15,
which are located in the bottom portion of the furnace
12. It bums i privmary combastion zowe 16 witich typi-
cally has a temperature ahove 3000° F. Flue 18 provides.
an exit for the flue gas which is created in primary
combustion zone 16 during the combustion of the fuel.
The flue gas has & emperatore in tine nmge of 2100™ F.
10 2400° F. when it exits the furnace near heat exchang-
ers 20. Heat exchangers 20 in the upper convective zone
of the furnace cause a rapid temperature drop of the flue
gas. During ihe combastion of the fuet, some of the
fixed nitrogen reacts with oxygen to form mitrogen
oxide, and NOx is formed from atmospheric nitrogen
and oxygen.

We provide fuet addition apparatus 22 and 23 which
are positioned sbove combustion zone 16 1o introdece
natural gas or other fuel having little or no fixed nitro-
gen content which flows from these diffusers into the
surrounding combustion products in the upper portions
of the furnace 12 above the primary combustier 2one
16. Other fluid fuels which usually contain little fixed
nitrogen inciude those of the general forms C, Hj or C,
H,O,.

yOuf fuel injection deviees 22 and 23 may sach e a
pipe 30 passing through a wall of the furnace 11 as
shown in FIG. 3, which can be of any convenient cross
sectional shape. We may also use a pipe 31 having an
armnular opening 32 a8 shown i FIG. 4, pipes or dects
33 having a plate 34 with orifices 35 at its discharge, as
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57 ABSTRACT

A method for operating a boiler using oxygen-enriched
oxidauts includes infroducing oxygen-enriched air, or oxy-
gen and air, in which the oxygen concentration ranges from
about 21% to about 100% by volume. Fuel and oxygen-
enriched air are introduced into the combustion space within
the steam-generating boiler. The fuel and oxygen-enriched
air is combusted to generate thermal energy. At least a
portion of the flue gases are collected and at least a portion
are recirculated through the boiler. In the steam-generating
boiler, the oxygen-enriched oxidant is introduced at ene or
more tocations within the radiation Zone and the convection
zone of the boiler. Additionally, flue gas is collected and
recirculated into one or more locations within the radiation
zone and/or the convection zone of the boiler. The amount
of oxygen enrichment and the total gas flow through the
boiler is controlled so as fo maintain the heat transfer
patterns within the botler at the originally-design specifica-
tion for operation by air combustion.

6 Claims, 4 Drawing Sheets
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such as carbonaceous waste materials and the like. The
method of the present invention also allows adjustment in
the turn down ratio over a wide range. Importantly, the
method of the preseat ivention coables it use of oxygen-
enhanced combustion within a boiler originally designed for
air combustion. Accordingly, the gas flow patterns and heat
transfer characteristics within the boiler are not substantially
altered from the originally-designed heat transfer patterns
developed from unenriched air combustion.

In one aspect of the invention, oxygen-enriched air con-
taining about 21 to about 100 percent by volume oxygen is
introduced into one or more locations within a steam-
generating boiler. In the process of the invention, oxygen-
enriched air can be introduced into the radiation zone and/or
intro the convection zone using one of several techniques
such as oxygen premixing, oxygen lancing and oxygen
burners. Additionally, the method of the invention also
includes the introduction of recirculated flue gasses. The flue
gas recirculation rate is adjusted to maintain temperature
profile and the flow of flue gases within the originally-
designed paragreters for the subject boiler.

In another aspect of the invention, the amount of oxygen
introduced at the various injection points in the boiler is
predetermined depending upon the particular operational
aspect of the boiler tifat is to be optimized. The specific
amount of uXygen introduced at eack predetermined location
within the boiler is adjusted such that oxygen-enriched
combustion is carried out within the boiler at a total volume
meiric oxygen concentration of between about 21% to about

In yet another aspect, a method of operating a steam-
generating boiler is disclosed that includes a radiation zone
and a convection zone includes introducing a fuel into the
combustion space within the boiler. Either oxygen-enriched
air or oxygen in combination with air is also introduced into
the combustion space. The total oxygen concentration
ranges from about 21% to about 100% by volume. The
oxygen-enriched air is combusted with the fuel to generate
thermal energy within the combustion space of the boiler.
Flue gases are collected and recirculated through the boiler
with the oxygen-enrictied air.

BRIEF DESCRIPTION OF SEVERAL VIEWS OF
THE DRAWINGS

FIG. 1 is a schematic diagram of a high-capacity steam-
generafing boiler having a plurality of oxygen introduction
sites arranged in accordance with the invention;

FIG. 2 is & cross-seciional schematic diagram of an
oxygen sparger for premixing oxygen in accordance with the
invention;

FIG. 3 is a cross-sectional schematic diagram of an
oxygen lance useful for injecting oxygen in accordance with
the invention;

FIG. 4 is & cross-sectional schematic diagram of an
oxygen burner useful for introducing oxygen into the con-
vection zone of a steam-generating boiler in accordance with
the invention;

FIG. § is a plot of fuel savings versus oxygen concentra-
tion obtained by operating a steam-generating boiler in
accordance with the invention;

FIG. 6 is a plot of recirculation ratio versus oxygen
concentration for the operation of a steam-generating boiler
in accordance with the inventions and

HFIG. 7 is a plot of recirculation ratio versus oxygen
concentration for the operation of a steam-generating boiler
at oxygen concentrations up to 100% in accordance with the
invention.

5

10

15

20

25

30

35

40

45

50

55

60

65

4

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

Shown in FIG. 1 is a cross-sectional schematic diagram of
a high-capacity steam-generating boiler 10. Boiler 10
includes a radiation zone 12 and a convection zone 14.
Those skilled in the art will appreciate that steam-generating
botlers include a multitude of components such as watore
tubes, steam-tubes, supetheaters, boiler drums and the like.
In general, the flow of Water is upward through radiation
zone 12 converting to steam in the upper regions of radiation
zone 12. The superheated steam and hot water are trans-
ferred to convection zone 14 and exit through an outlet (not
shown) at the upper portion of radiation zone 12. The flow
of flue gases within boiler 10 is generally represented by
arrow 16. In accordance with the invention, combustion of
fuel introduced into boiler 10 can take place throughout
radiation zone 12 and the upper region 18 of convection
zone 14.

In accordance with the invention, oxygen-enriched air, or
air and oxygen, or both, can be introduced at one or more
locations in boiler 10. In one embodiment, one or more air
burners 21 are attached and inserted into a lower portion 20
of radiation zone 12. Fuel is injected into air burner 21
through a fuel line 22. Preheated, oxygen-enriched air is
mtroduced through ogidant line 24. Oxygen can be pre-
mixed with air either before or after the air preheater (not
shown). Additionally, recirculated flue gas is introduced into
lower portion 20 through flue gas recirculation line 26.
Those skilled in the art will recognize that a variety of
techniques are possible for introducing recirculated flue gas
into boiler 10. For example, flue gas recirculation line 26 can
be connected to fuel fine 22 or to oxidant line 24.
Alternatively, recirculated flue gas can be directly injected at
one of several locations in radiation zone 12.

In addition to introducing oxygen-enriched air through air
burner 21, oxygen can be injected by lancing into various
stages of radiation zone 12. Oxygen-enriched air or oxygen
can be lanced into lower portion 20 of radiation zone 12
through oxidant line 28. Additionally, the present invention
confemplates the use of oxygen staging at one or more
Iocations in radiation zone 12 beginning at lower portion 20
and extending to aq upper portion 30 of radiation zone 12,
For example, oxygen can be lanced into radiation Zone 12 at
upper portion 30 through an oxidant line 31. Although FIG.
1 depicts two oxygen introduction sites at stage levels above
lower portion 24, it is to be understood that a plurality of
such uxygen introduction stages can be emiployed at various
locations between lower portion 20 and upper portion 30 of
radiation zone 12.

The method of the present invention also contemplates the
introduction of oxygen-enriched air or a combination of air
and oxygen, or both, into boiler 10 within convection zone
14. For cxample, oxygen and fucl can be mntroduced in upper
region 18 of convection zone 14 through a fuel line 32 and
an oxidant line 34, respectively. The oxygen and fuel initiate
combustion in upper region 18. Additionally, recirculated
flue gas can be introduced in upper region 18 through flue
gas recirculation line 36. The flue gases are collected at a
lower region 38 of convection zone 14 and exit through a
flue gas collection line 40.

In addition to providing an operating method in which
oxygen-enriched air or oxygen and air can be introduced at
various locations within boiler 10, the present invention also
contemplates operation of boiler 10 using low-calorie fuel.
Accordingly, boiler 10 can include an oxygen-enriched fuel
burner 42 inserted into lower portion 20 of radiation zone 12
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