
;e3eLI$FZ\6T9D9VVO 02/068095  PCT/US02/O5292  SYSTEM AND METHOD FOR THE
SELECTIVE CATALYTIC REDUCTION OF NITROGEN OXIDE IN A GAS STREAM BACKGROUND
OF THE INVENTION 1. Field of the Invention The invention herein relates to
a system and method for catalytically reducing the content of 5 nitrogen
oxide in a flue or stack gas, resulting from the combustion of fuel in a
furnace 2 Description of the Related Art .  The combustion of fuels in
various industrial processes often generates undesirable 10 oxides of
nitrogen (NOx), usually in the form of nitric oxide (NO) and nitrogen
dioxide (N02). High combustion temperatures tend to produce more NOx.
Because NOx is harmful to the environment, efforts have been made to reduce
the emission of NOx in gases produced by 15 industrial processes involving
the combustion of fuel, particularly gases resulting from the operation of
power plants, thermal cracking furnaces, incinerators, internal combustion
engines, metallurgical plants, fertilizer plants and chemical plants. 20
Methods for selectively reducing the NOx content of a flue gas are known.
Generally, such -1   WO 02/068095 PCT/US02/O5292 methods involve the
reaction of NOX with a reducing agent, optionally in the presence of a
catalyst. The selective non-catalytic reduction ("SNCR") of NOx with a
.reducing agent such as ammonia or urea requires a 5 relatively high
temperature, e.g., in the range of 



from about 1600F to about 2100F. Alternatively, the reduction of NOx with
ammonia can be performed catalytically at a much lower temperature, e.g.
from about 500F to about 950F, in a ZO process known as selective catalytic
reduction ("SCR" ) . One problem associated with the treatment of flue gas
using conventional SCR methods and apparatus is that the weight and bulk of
the equipment necessary 15 to achieve satisfactory removal of NOX requires
that it be located at ground level. Many industrial plants need to be
retrofitted with NOx removal ("deNOx") equipment in order to meet the
requirements of more stringent government regulations. However, because of
20 the physical bulk of the deNOx system, the flue gas  must be diverted to
ground level for treatment and . then sent back into a stack for subsequent
exhaust to the atmosphere. To avoid the large cost of such a system it
would be highly advantageous to provide a -2   WO 02/068095 PCT/US02/05292
relatively lightweight deNOx unit which can be incorporated directly into
the stack. SUMMARY OF THE INVENTION In accordance with the present
invention, a 5 system is provided for the selective catalytic reduction of
nitrogen oxide in a furnace gas stream and comprises: a) a first heat
recovery section positioned in a stack above the furnace for reducing the 



l0 temperature of the furnace gas stream exiting the furnace to not less
than about 400F; b) a reactor for the selective catalytic reduction of
nitrogen oxide in the gas stream positioned in the stack downstream of the
first heat 15 recovery section, said reactor including an injector for
introducing a reducing agent into the gas stream and containing at least
one nitrogen oxide conversion catalyst for the selective catalytic
reduction of nitrogen oxide in the gas stream upon contact 20 therewith to
provide a treated gas stream of reduced nitrogen oxide concentration: c) a
treated gas stream outlet through which the treated gas stream is
discharged; and, -3   VVO 02/068095 PCT/US02/O5292 d) a second heat
recovery section positioned downstream of the reactor for reducing the
temperature of treated gas. BRIEF DESCRIPTION OF THE DRAWINGS 5 Various
embodiments of the reactor component of the system of this invention and
various catalyst arrangements employable therein are described below with
reference to the drawings wherein: FIG. lA is a diagrammatic view of a
furnace 10 system of a known type incorporating the reactor in its stack
section; FIG. 1B is a side view of the furnace system of FIG. lA; and, FIG.
2 is a diagrammatic view of a stack 15 system for SCR conversion of NOx.
DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS As used herein the terms
"stack" and "flue" are used synonymously. A11 quantities should be
understood as being modified by the term "about" or 20 "approximately".
Composition percentages are by weight unless specified otherwise. The term
"nitrogen oxide" as used herein 



refers to any oxide of nitrogen, such as N0, N02, N2O4, -4   WO 02/06809::
PCT/US02/05292 NzO, and is alternatively designated as "NOx". The system
and method for the selective catalytic reduction of N0x preferably employ
ammonia as the reducing agent. NOX reacts with ammonia in the 5 presence of
a catalyst to produce nitrogen and water as shown in the following equation
(not stoichiometrically balanced NOX + NH3 ~ Nz + H20 The reactor and deNOx
method described 10 herein can be used in any application requiring the
treatment of a NOx-containing flue gas to reduce its NOx level. Typical
combustion equipment producing high levels of NOx include power plants,
fluid catalytic cracking (FCC) regenerators, glass furnaces, thermal 15
crackers, and the like. The deNOx method herein will be particularly
described in conjunction with a thermal cracking unit for producing olefins
(e. g., ethylene, propylene, butylene, etc.) from a saturated hydrocarbon
feedstock such as ethane, propane, naphtha 20 and the like. However, the
reactor and method can be used with any combustion equipment or process
which generates a flue gas containing undesirable levels of  NOx .
Referring now to FIGS. lA and 1B, gas phase 25 deNOx reactor system 10 is
illustrated in conjunction -5   WO 02/068095 PCT/US02/05292 



with a thermal cracking system employing twin furnaces 11 and 12 having a
radiant combustion chamber operating at about 2200F for the cracking of the
feedstock. Each furnace produces a flue gas which 5 exits therefrom through
respective stacks S. Typically, the flow rate of flue gas in each stack
ranges from about 100,000-300,000 lbs/hr. The flue gas typically contains
the following components: Nitrogen 60-80 vol 10 Oxygen 1-4 vol $ Water
vapor 10-25 vol Carbon dioxide 2-20 vol o Nitrogen oxide 50-300 ppm.. The
flue gases exiting the furnace are typically at a 15 temperature of about
1800F. Each stack includes a convection section 13 which includes heat
exchange equipment through which the flue gas is passed for heat recovery
in which heat is transferred from the flue gas to the furnace feedstock.
The flue gas 20 typically exits the convection section of conventional:
stack systems at a temperature of from about 250F350F. However, the heat
recovery process of the present invention is adjusted to provide flue gas
temperatures of not less than about 400F, preferably 25 from about 400F to
500F. as explained below. The flue -6   WO 02/068095 PCT/US02/O5292 gases
of the separate stacks are then united and moved by fan 14 into deNOx
system 10. Fan 14 increases the pressure of the flue gas for moving the gas
through the deNOx system 10. 5 A significant feature of the present
invention is that the deNOx reactor system 10 is mounted within the stack
and is positioned above convection section 13 and fan 14. This advantage is
achieved by reducing the size and weight of the deNOx 10 reactor system,
thereby enabling existing furnace systems to be modified by retrofitting
and avoiding the more costly alternative of diverting stack gas to ground
level for deNOx treatment. Referring now to FIG. 2, system 100 for SCR 



15 conversion of NOx is intended for use in conjunction with a furnace
system such as the thermal cracking system illustrated in FIGS. lA and 1B.
However, in accordance with the method of the present invention, the
convection section 13 represents a primary, or 20 first, heat recovery
section and is configured to cool the exhaust gas from the radiant section
to a temperature of not less than about 900F, preferably from about 900F to
about 500F. This range can be achieved by the appropriate configuration of
cooling 25 coils in the convection section or any other suitable    WO
02/06809, PCT/US02/O5292 method of adjusting heat transfer as recognized by
those skilled in the art. The flue gas at 400F-500F is driven by one or
more fans 14 into reactor 10. The reactor includes an injection device 18
for 5 introducing a reducing agent such as ammonia, urea, alkyl amine,
etc., into the flue gas, and a catalyst bed 19 containing a catalyst for
the selective reduction of NOX present in the flue gas.. The catalyst bed
can have, for example, a radial flow or parallel 10 flow configuration, and
can include a particulate catalyst, monolith catalyst, or a microengineered
catalyst ("MEC") supported on a mesh-like support having at least 85% void
space. The mesh-like support material of the MEC 15 catalyst includes
fibers or wires, metal felt,metal gauge, metal fiber filter or the like and
can include one or more layers. The catalyst can be coated onto the mesh by
a variety of techniques such as dipping, spraying, etc., in an amount
sufficient to achieve the 20 desired conversion of NOx. A MEC catalyst
suitable for use in the present invention is described in copending U.S.
Patent application Serial No. filed July 31, 2000 under Attorney Docket No.
915000-530, the contents of which are incorporated by reference 25 herein
in their entirety. _8_   VVO 02/068095 PCT/US02/O5292 Reactor systems
suitable for use in the 



present invention include those disclosed in U.S. Patent Application Serial
Nos. , and (Attorney Docket Nos. 1094-2, 5 1094-4 and 1094-5, filed
concurrently herewith), the disclosures of which are incorporated by
reference herein in their entirety. The temperature of the treated gas
exiting . reactor 10 is about the same as that of the inlet gas 10 and
generally ranges from about 900F to 500F. The Higher the temperature of the
SCR conversion reaction, the less catalyst is needed. Hence, significant
reduction of the size and weight of the reactor system to achieve a desired
conversion of NOx can be achieved 15 by operating the reactor at
temperatures of from about 400F to about 500F rather than at lower
temperatures. Indeed, the reduction of reactor size permits the reactor to
be positioned within the exhaust stack and above convection section 13 and
fan 14. It is 20 desirable to achieve at least about an 85% reduction of
the NOx content of the flue gas, preferably at least about 90o reduction of
the NOx content, and more . preferably at least about 95~ reduction of the
NOX content. -9   WO 02/068095 PCT/US02/O5292 In accordance with the system
and method of the present invention, a second heat recovery section 15
downstream of the catalytic reactor system 10 is preferably employed to
reduce the temperature of the 5 treated gas, preferably to a range of from
about 250F to 350F. Heat recovered from the treated gas exiting reactor 10
can be used as desired and in the thermal cracking system illustrated in
FIGS. lA and 1B, is 10 advantageously used for preheating the feedstock as
shown in FIG. 2. Thermal cracking feedstock F is introduced into second
heat recovery section 15 for preheating.. Heat recovery section 15 includes
one or more heat transfer tubes 15a. Feedstock F flows 15 through tubes 15a
to recover heat from the treated gas exiting the reactor 10. Thereafter,
feedstock F passes from heat recovery section 15 and is conveyed via piping
tie-in 15b to the first heat recovery section, i.e., convection section 13,
for further 



20 preheating. Feedstock exits convection section 13' via line C for
transfer to the thermal cracking furnace. Construction and configuration of
the heat recovery section 15 to achieve the desired reduction in
temperature is within the skill of those with 25 knowledge in the art. The
treated exhaust gas exits -10   WO 02/068095 PCT/US02/O5292 system 100 at
outlet 16 at temperatures typically in the range of from about 250 to about
350F. The system herein is advantageous for retrofitting existing furnace
systems with a stack 5 reactor. By moving a small portion of an existing
convection system downstream of a reactor inserted into the stack, the
reactor size requirements can be reduced to increase the feasibility of
such a system.. The downstream portion of the convection section 10
functions as heat recovery section 15. The Example below illustrates the
deNOx system and method of the present invention. EXAMPLE The system of the
present invention' 15 illustrated in FIG. 2 is employed wherein a flue gas
flow rate of 360,000 lbs/hr having an initial NOx concentration of 100ppm
is passed through convection section 13' such that the gas exiting the
convection section 13' has a temperature of about 420F. This 20 flue gas is
blown by fans 14 into and through deNOx reactor 10 mounted in the stack.
Ammonia is introduced into the flue gas and provides for the selective
catalytic reduction of NOX when the ammoniacontaining gas passes through a
catalyst bed -11   WO 02/068095 PCT/US02/O5292 containing an SCR catalyst
such as V205/Ti02 catalyst, e.g., on a mesh-like support having at least
85% void space. About,12m3 of catalyst is required at the operating
temperature of 420F: The treated flue gas 



5 exiting the reactor is at about the same temperature at which it entered
the reactor and has a NOx content of lOppm. The treated gas then enters
heat recovery section 15 whereupon the temperature of the gas stream is
reduced to 250F to 350F by heat transfer, e.g., to 10 furnace feedstock,
and is thereafter discharged from the stack via outlet 16. The treated gas
at discharge from the stack will typically have a NOX content which has
been reduced by about 90% or more relative to the concentration of NOx in
the flue gas prior to 15 treatment. In contrast to the Example given above,
in a typical conventional system, wherein the convection section reduces
the temperature of the flue gas to appreciably less than about 400F, e.g.,
to about 20 350F., the reactor requires a relatively large catalyst bed
volume, i.e., about 59m3. The reactor size reduction achieved by the system
of the invention illustrated in the Example above makes retrofitting a
stack reactor to a conventional stack system a -12   WO 02/068095
PCT/US02/5292 feasible alternative to otherwise costly modifications. While
the above description contains many specifics, these specifics should not
be construed as limitations on the scope of the invention, but merely 5 as
exemplifications of preferred embodiments thereof. Those skilled in the art
will envision many other possibilities within the scope and spirit of the
invention as defined by the claims appended hereto. -13   WO 02/068095
PCT/US02/O5292 



WHAT IS CLAIMED IS: 1. A system for the selective catalytic reduction of
nitrogen oxide in a furnace flue gas stream having an initial concentration
of nitrogen 5 oxide, which comprises: a) a first heat recovery section
positioned in a stack above the furnace for reducing the temperature of the
furnace gas stream exiting the furnace to not less than about 400F; 10 b) a
reactor for the selective catalytic reduction of nitrogen oxide in the gas
stream positioned in the stack downstream of the first heat recovery
section, said reactor including an injector for introducing a reducing
agent into the gas stream 15 and containing at least one nitrogen oxide
conversion catalyst for the selective catalytic reduction of nitrogen oxide
in the gas stream upon contact therewith to provide a treated gas stream of
reduced nitrogen oxide concentration; 20 c) a treated gas stream outlet
through which treated gas is discharged; and, d) a second heat recovery
section positioned downstream of the reactor for reducing the temperature
of the treated gas. -14   WO 02/068095 PCT/US02/05292 2. The system of
claim 1 further including at least one fan positional in the stack between
the first heat recovery section and the reactor. 5 3. The system of claim 1
wherein the second heat recovery section is connected to the first heat
recovery section by a piping tie-iii. , 4. The system of claim 1 wherein
the catalyst is a particulate. 10 . 5. The system of claim 1 wherein the
catalyst is a monolith. 



&. The system of claim 1 wherein the catalyst is supported on a mesh-like
structure having a void space of at least about 85%. 15 7.The system of
claim 1 wherein the reduced concentration of nitrogen oxide is at least
about an 85~ reduction relative to the initial concentration. -15   WO
02/068095 PCT/US02/05292 8. The system of claim 1 wherein the , reduced
concentration of nitrogen oxide is at least about a 90s reduction relative
to the initial concentration. 5 9. The system of claim 1 wherein the
reactor is a radial flow reactor. 10. The system of claim 1 wherein the
reactor is a parallel flow reactor. 11. The system of claim 1 further 10
comprising: d) a furnace which produces a flue gas stream containing
nitrogen oxide. 12. The system of claim 11 wherein the furnace is a
hydrocarbon cracking furnace for 15 producing olefin from a saturated
hydrocarbon feedstock introduced into the furnace. 13. A method for the
selective conversion of nitrogen oxide in a furnace flue gas stream having
an initial concentration of nitrogen oxide comprising: -16   WO 02/O68095
PCT/US02/OS292 a) cooling the furnace flue gas stream to a temperature of
not more than about 400F; b) introducing a reducing agent into the gas '
stream; 5 c) reacting the reducing agent with the nitrogen oxide in the gas
stream at a temperature of from not less than about 400F in the presence of
at least one nitrogen oxide conversion catalyst for the selective catalytic
reduction of nitrogen oxide to 10 produce a treated gas having a reduced
concentration of nitrogen oxide; and, d) cooling the treated gas. 14. The
method of claim 13 wherein the reduced concentration of nitrogen oxide is
at least 



15 about an 85% reduction of nitrogen oxide relative to the initial
concentration. 15. The method of claim 13 wherein the reduced concentration
of nitrogen oxide is at least about a 90% reduction of nitrogen oxide
relative to 20 the initial concentration. 16. The method of claim 13
further including the step of thermally cracking a hydrocarbon -17   WO
02/068095 PCT/US02/O5292 feedstock introduced into the furnace to produce
at least one olefin from the hydrocarbon feedstock, wherein step (d) of
cooling the treated gas reduces the temperature of the treated gas to not
more than 5 about 350F and comprises transferring heat from the treated gas
to the feedstock prior to introducing the feedstock into the furnace. 17.
The method of step 16 wherein step (a) of cooling the furnace flue gas
stream comprises 10 transferring heat from the furnace flue gas to the
feedstock prior to introducing the feedstock to the furnace. 18. The method
of claim 13 wherein the reducing agent is ammonia. -18 .An %.Aa,.A&e.Ae.A
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