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IN WASTE  GAS STREAMS USING CHLORINE DIOXIDE FIELD OF THE INVENTION [0001]
The present invention relates to a process for reducing NO,,
concentrations in waste gas streams. More particularly, the present
invention  relates to contacting a NO,,-containing waste gas stream with an
effective  amount of chlorine dioxide under conditions such that at least a
fraction of the  oxidizable NO,, species present in the waste gas stream is
oxidized to higher  nitrogen oxides. BACKGROUND OF THE INVENTION [0002]
Increasingly stringent government regulatory emission standards have  led
refiners to explore improved technologies for reducing the concentration of
nitrogen oxides ("NOX") in emissions from combustion and production
effluent  or waste gas streams. For example, the technology taught in
United States Patent Number 3.,957,949 to Senjo, et al., which is
incorporated herein by  reference teaches a method for removing low-soluble
pollutants, such as  mercury and NO, from waste gas streams by use of an
oxidizing agent that is  released from a compound, such as sodium chlorite,
that is injected into a  recycle stream. Also, United States Patent Number
6,294,139 to Vicard et al.,  which is also incorporated herein by
reference, discloses a method for removing  nitrogen oxides from waste gas
streams by oxidizing nitrogen oxide with  



chlorine dioxide or ozone, then bringing the oxidized gas in contact with
sodium  chlorite in a water solution. Further, it is known in the art to
reduce NO.,  concentrations in combustion effluent streams by the injection
of ammonia, see  United States Patent Number 3,900,554 to Lyon, which is
also incorporated  herein by reference. After the Lyon patent, there was a
proliferation of patents *ACTION* WO 03/103809 -2 PCT/US03/14654 and
publications relating to the injection of ammonia into combustion streams
in  order to reduce NO, concentration. Such patents include United States
Patent  Numbers 4,507,269 and 4,115,515, both of which are incorporated
herein by  reference. [00031 Even so, effluents released from combustion
units and production  streams, such as the regenerator off-gas of a
fluidized catalytic cracking ("FCC")  unit, remain a source of NO,,
emissions from refineries. Many fluidized catalytic  cracking process units
incorporate wet gas scrubbers to remove attrited catalyst  fines. Wet gas
scrubbers have the ancillary benefit of reducing NO2 emissions.  While
scrubbing is effective for reducing NO2 emissions, it is not as effective
for  reducing NO emissions. Since a majority (typically 90%) of the NO,,
contained'  on FCC unit's waste gas streams is NO, there is a need for a
method for reducing  NO emissions from an FCC unit's waste gas (or
"offgas") in order to obtain  further reductions in total NO,, emissions.
[0004) One approach to reducing NO emissions involves oxidizing lower
oxide NOX species to higher nitrogen oxides. However, the conventional  



methods involve either chemicals that require extended reaction periods or
they  create problems within the processing unit. Such problems include,
for example,  corrosion of materials of construction, problems with
treating the waste water  from the unit, as well as problems relating to
the removal of SO,, species that are  typically also present. For example,
it is known in the art to add sodium chlorite  (NaC102) to the wet gas
scrubber liquor to oxidize NO,, species to higher oxides  such as, for
example, to NO2 and N205 which are water soluble and which can  be removed
from the process system, typically as nitrate and nitrite, respectively. WO
03/103809 PCT/US03/14654 3 [0005] However, the addition of sodium chlorite
to the scrubber liquor has  disadvantages. For example, sodium chlorite is
a costly chemical and can be  consumed by side reactions, such as the
oxidation of SO,, species to higher sulfur  oxides (e.g., SO2 to SO3).
Thus, because sodium chlorite does not selectively  oxidize lower oxide NO,
species to higher nitrogen oxides, conventional  methods require the use of
relatively high sodium chlorite concentrations in the  scrubber liquor to
achieve the desired reduction of oxidizable NOX species.  These high levels
of sodium chlorite lead to high chloride levels that cause,  among other
things, corrosion of the scrubber's materials of construction. [0006] Thus,
there still is a need in the art for an economical and effective  method to
reduce the level of NO,, species from waste gas streams. SUMMARY OF THE
INVENTION [0007] In accordance with the present invention, there is
provided a process  for reducing NO. concentrations in waste gas streams,
which streams contain  both NO,, and SO,, compounds, which process
comprises: 



a) removing at least a fraction of the SO, species from said waste gas
stream thereby producing a SO, depleted waste gas stream; b) contacting
said SO,, depleted waste gas stream with an effective  amount of chlorine
dioxide at effective oxidation conditions that  will oxidize at least a
fraction of oxidizable NOx species to higher  nitrogen oxides; and WO
03/103809 4 PCT/US03/14654 c) removing at least a fraction of said higher
nitrogen oxides from the  treated waste gas stream by a means selected from
the group  consisting of alkaline solution absorption, reducing solution
absorption, scrubbing with water, ammonia injection, and catalytic
conversion. [0008] In a preferred embodiment spray nozzles integral to a
wet gas scrubber  separator drum are used to contact the chlorine dioxide
with the waste gas  stream. [0009] In another preferred embodiment at least
a fraction of the NO,, species initially present in the waste gas stream is
removed before step a) above. DETAILED DESCRIPTION OF THE PRESENT INVENTION
[00101 As used herein, the terms NO,, NOx species, and nitrogen oxides
refers to the various oxides of nitrogen that may be present in combustion
waste  gasses. Thus, the terms refer to all of the various oxides of
nitrogen including,  but not limited to, nitric oxide (NO), nitrogen
dioxide (NO2), nitrogen peroxide  (N204), nitrogen pentoxide (N205), and
mixtures thereof. Also, the term "lower  



nitrogen oxide" refers to nitrogen oxides that are still oxidizable to
higher  oxides. Nitric oxide (NO) is the most preferred nitrogen oxide to
be oxidized  since up to 90 wt.% of the nitrogen oxides in a typical FCC
unit's waste gas is  NO. Therefore, in one embodiment, the instant process
is concerned with the  reduction and control of NO. [0011] The terms flue
gas, wet gas, combustion effluent stream, combustion  waste gas effluent
stream, waste gas, offgas, and waste gas stream are sometimes WO 03/103809
PCT/US03/14654 5 used interchangeably herein. Also, the terms wet gas
scrubber, scrubbing  apparatus, and scrubber are also sometimes used
interchangeably herein. [0012] The present invention provides a cost
effective for removing NO,,  species from waste gas streams. The oxidation
of NO, species to higher oxides  is an effective way to remove NO,, species
from flue gas streams because the  higher nitrogen oxides such as, for
example, NO2 and N205 are water more  soluble than the lower nitrogen
oxides, and can be more easily removed from the  system as nitrate or
nitrite. Thus, the instant process involves adding an  effective amount of
chlorine dioxide to the waste gas stream under conditions  effective for
oxidizing at least a fraction of the lower nitrogen oxides,  particularly
NO, contained in the waste gas stream are oxidized to higher  nitrogen
oxides (e.g., NO2 and higher). These higher oxides may then be  removed by
alkaline solution absorption, reducing solution absorption, scrubbing
ammonia injection, catalytic conversion and absorption with water. As used
herein, an effective amount of chlorine dioxide is an amount that oxidizes
at least a fraction of the oxidizable NO,, species present in the waste gas
stream.  



By at least "a fraction" we mean at least 20 vol.%, for example 20 vol.% to
80  vol.%, preferably 40 vol.% to 90 vol.%, more preferably 50 vol.% to 99
vol.%,  and most preferably substantially all of the lower oxide NO,,
species present in  the waste gas stream are oxidized to higher nitrogen
oxides. [0013] The addition of sodium chlorite to the scrubber liquor is
described in  U.S. Patent Number 6,294,139. Typically, though, the reagent
that oxidizes the  lower nitrogen oxides to higher nitrogen oxides (e.g.,
NO to NO2 and/or N205) is  actually chlorine dioxide, not sodium chlorite.
Thus, sodium chlorite is typically  injected into the waste gas stream with
an acidic component that is capable of  disproportionating the sodium ions
and chlorine dioxide. WO 03/103809 PCT/US03/14654 6 [0014] Chlorine
dioxide, after it disproportionates from the sodium chlorite  molecule,
also oxidizes SOX species to higher sulfur oxides. This non- preferential
oxidation reaction may lead to injecting relatively high levels of  sodium
chlorite into the waste gas stream to reduce the NO,, species present in
the waste gas stream by a satisfactory amount. These high levels of sodium
chlorite have the undesirable effects of causing corrosion of process unit
hardware, causing problems with wastewater treatment, as well as increasing
the  total costs of reagents. [0015] However, chlorine dioxide, as used in
the instant process, is mixed  with the waste gas stream at a point after
removal of at least a fraction of the SOX  species present in the waste gas
stream. The SOX removal employed is not  essential to the present invention
and may be any effective method. In an  embodiment, the SOX removal method
preferably reduces the levels of SOX  



species in the waste gas stream to below 100 ppm, preferably below 50 ppm,
and  more preferably below 10 ppm before the sodium chlorite is mixed with
the  waste gas stream. It is most preferred to remove substantially all of
the SO,,  present in the waste gas stream before the sodium chlorite is
mixed with the  waste gas stream. Non-limiting examples of SOX removal
processes suitable for  use herein include wet desulfurization methods such
as water scrubbing, alkali  scrubbing, magnesia scrubbing, and ammonium
scrubbing, as well as dry  desulfurization methods such as using manganese
oxide or activated carbon. In  one embodiment, the SOX species are removed
by a wet desulfurization method,  preferably by use of a wet gas scrubber.
[0016] By mixing the chlorine dioxide with the waste gas stream after the
removal of at least a fraction of the SOX species, chlorine dioxide can be
used in WO 03/103809 PCT/US03/14654 7 an amount only slightly greater than
a stoichiometric amount. In general,  calculating the stoichiometric amount
is complicated because the method by  which chlorine dioxide converts lower
nitrogen oxides to higher nitrogen oxides  is complex. However, while not
wishing to be bound by any theory or model, it  is believed that the
oxidation reaction where chlorine dioxide oxidizes NO,, can  be represented
by the following equation: Equation 1: 5N0 + 3C102 + 4H20 --> 5HN03 + 3HC1.
[0017] In an embodiment, the amount of chlorine dioxide used ranges from 3
to 8 moles of C102 to 5 moles of NO or, in another embodiment, 4 to 7 moles
of  C102 to 5 moles of NO. In yet another embodiment, it is preferable to
use slightly greater than stoichiometric amounts of sodium chlorite,. for
example, 3  



to 4 moles of C102 to 5 moles of NON. [0018] It should be noted that in
some instances that the caustic contained in  the scrubber may neutralize a
fraction of the HCl in Equation 1. In such  instances where the pH of the
system is basic, again while not wishing to be  limited by theory, it is
believed that the general oxidation reaction whereby  chlorine dioxide
oxidizes lower nitrogen oxides to higher nitrogen oxides can be
represented by the following equation: Equation 2: 4N0 + 3C102 + 40H'--+
5HN03 + 3HC1. [0019] Thus, in a basic environment, the amount of chlorine
dioxide used  ranges from 3 to 8 moles of C102 to 4 moles of NO or,
alternatively 4 to 7 moles  of C102 to 4 moles of NO. In yet another
embodiment, it is preferred to use a WO 03/103809 8 PCT/US03/14654 slightly
greater than stoichiometric amounts of sodium chlorite, for example, 3  to
4 moles of C102 to 4 moles of NOJ,. [0020] After oxidation of at least a
fraction of the lower nitrogen oxides to  higher nitrogen oxides, at least
a fraction of the higher nitrogen oxides is  removed from the waste gas
stream. In one embodiment, 20 vol.% to 100 vol.%  of the higher nitrogen
oxides are removed after oxidation, preferably 40 vol.% to  80 vol.%, and
more preferably 60 vol.% to 90 vol.% of the higher nitrogen  oxides of the
NO, species are removed after oxidation. [0021] The removal of at least a
fraction of the higher nitrogen oxides is  achieved by any effective
method, except sodium chlorite absorption. Effective- processes include,
but are not limited to, using an alkaline solution such as an  



aqueous caustic soda solution or a reducing solution such as an aqueous
sodium  thiosulfate solution, catalytic conversion, and ammonia and
hydrogen injection,  as described in United States Patent Number 3,900,554.
[0022] In another embodiment, the oxidized NOX species are removed with
water. The solubility of higher oxides (such as SOX and N205) in water is
described by J.B. Joshi, V.V. Mahajani, and V.A. Juvekar in "Invited
Review:  Absorption of NOx Gases," Chemical Engineering Communication, Vol.
33 pp  1-92, which is incorporated herein by reference. The most preferred
embodiment of the instant process involves absorption of the oxidized NOX
compounds with water. [0023] As discussed, it is preferred that at least a
fraction of the SOX species  of the waste gas stream be removed, preferably
by wet gas scrubbing. Wet gas  scrubbing removes, among other things,
attrited catalyst fines and SOX species. WO 03/103809 9 PCT/US03/14654
Thus, in one embodiment, the waste gas stream, is contacted directly with
chlorine dioxide at a point downstream from a wet gas scrubber. By
contacting  the waste gas stream downstream of wet gas scrubbing, the
chlorine dioxide can  oxidize an increased amount of the oxidizable NOX
species because there are  lower levels of SO,, species in the stream to
compete with the oxidation reaction.  Further, the relatively low addition
rates of chlorine dioxide needed to oxidize  the lower oxide NO,, species
to higher nitrogen oxides is beneficial in  overcoming at least some of the
previously mentioned problems, such as,  corrosion of hardware and
wastewater treatment problems. 



[0024] In another embodiment, the chlorine dioxide is mixed with the waste
gas in the separator drum associated with a wet gas scrubber. A separator
drum  typically contains hardware such as spray nozzles. In this
embodiment, the  chlorine dioxide is sprayed through the spray nozzles such
that when the  contaminated waste gas stream is fed into the separator
drum, it contacts the  chlorine dioxide. The chlorine dioxide can first be
mixed with water, preferably  deionized water, which acts as a carrier
fluid to better disperse the chlorine  dioxide. Also, in such an
embodiment, additional amounts of deionized water  can be sprayed through
the spray nozzles. By additional amounts of deionized  water, it is meant
amounts of deionized water sufficient to absorb at least a  fraction of the
higher nitrogen oxides. 10025] In another embodiment, a greater amount of
chlorine dioxide  necessary to oxidize a given fraction of the NOX species
present in the waste gas  stream is mixed with the waste gas stream after
the SO,, removal step. This  additional amount of chlorine dioxide allows
the refiner the ability to oxidize  SO,, species remaining in the waste gas
stream to higher oxides after the SO,, WO 03/103809 PCT/US03/14654 -10
removal step. These higher oxides of SO,, species can then be removed by
any  effective method. [0026] In another embodiment, the waste gas stream
is passed through an  initial NO,, removal step to remove a fraction of the
NO,, present in order to  reduce the amount of chlorine dioxide needed to
oxidize remaining oxidizable  NO,, present in the waste gas stream. In this
initial NOX removal step, at least 10  vol.%, preferably from 10 vol.% to
30 vol.%, more preferably from 20 vol.% to  



60 vol.%, and most preferably 30 vol.% to 90 vol.%, of the NO,, species
initially  present in the waste gas stream are removed before the waste gas
stream is  mixed with the chlorine dioxide. The manner in which the NO,,'s
are removed  before the waste gas stream is mixed with chlorine dioxide is
not critical to the  present invention and may be any effective method.
[0027] The above description is directed to one preferred means for
carrying  out the present invention. Those skilled in the art will
recognize that other  means that are equally effective could be devised for
carrying out the spirit of  this invention. [0028] The following example
will illustrate the effectiveness of the present  process, but is not meant
to limit the present invention. WO 03/103809 PCT/US03/14654 -11 EXAMPLE
[00291 The effect of chlorine dioxide on the oxidation of lower oxide NOX
species to higher oxide NO7, species was tested in a bubble column.
Chlorine  dioxide was mixed with a simulated scrubber liquor that contained
1002 ppm  NO, In this experiment, the simulated scrubber liquor was allowed
to flow at a  rate of 211min into the bubble column where it was mixed with
1.5 dm3 of a  water/chlorine dioxide oxidizing solution containing 107 ppm
C1O2. The  temperature of the bubble column during the experiment was
monitored using a  thermocouple device, and the temperature was observed to
be 18C. 10030] A NO, balance was performed on the bubble column by
measuring the  concentration of nitrogen oxides in the simulated scrubber
liquor before and after mixing with the oxidizing solution. The results of
this balance are  



contained in Table 1 below. Table 1 Initial Final Percentage of Total
SourceCompoundConcentration Concentration Final Concentration
(Moles)(Moles)in Total Initial Concentration GasNO0.0017-
GasNO20.00040.0002 AqueousNO2--- AqueousNO3--0.0019 TOTAL0.00210.0021100%
WO 03/103809 PCT/US03/14654 -12 CLAIMS: 1. A process for reducing NOX
concentrations in waste gas streams, which  streams contain both NOX and
SOX species, comprising: a) removing at least a fraction of the SOX species
from said waste gas  stream thereby producing a SOX depleted waste gas
stream; b) contacting said SOX depleted waste gas stream with an effective
amount of chlorine dioxide at conditions that will oxidize at least a
fraction of oxidizable NO,, species to higher nitrogen oxides; and 



c) removing at least a fraction of said higher oxides by a means  selected
from the group consisting of alkaline solution absorption,  reducing
solution absorption, scrubbing with water, ammonia  injection, and
catalytic conversion. 2. The process according to claim 1 wherein said
waste gas stream is from a  fluidized catalytic cracking process unit. 3.
The process according to claim 2 wherein step a) above is carried out by a
wet desulfurization processes such as water scrubbing, alkali scrubbing,
magnesia scrubbing, ammonium scrubbing. 4. The process according to claim 2
wherein step a) above is carried out by  a dry desulfurization process
using an agent selected from manganese  oxide and activated carbon. WO
03/103809 PCT/US03/14654 -13 5. . The process according to claim 3 wherein
said SO, species are removed  by wet gas scrubbing. 6. The process
according to claim 5 wherein said chlorine dioxide is  contacted with said
waste gas stream at a point downstream from the wet  gas scrubber of a
combustion unit. 7. The process according to claim 5 wherein said chlorine
dioxide is  contacted with said waste gas stream in a separation drum
associated with  a wet gas scrubbing unit. 8. The process according to
claim 5 wherein said chlorine dioxide is  contacted with said waste gas
stream in a separation drum of a wet gas  scrubbing unit through at least
one spray nozzle. 



9. The process according to claim 1 wherein said chlorine dioxide is mixed
with water before contacting said waste gas stream. 10. The process
according to claim 1 wherein at least a fraction of said higher  nitrogen
oxides are removed by a method selected from alkaline solution  absorption,
reducing solution absorption, scrubbing, ammonia injection,  absorption
with water, and catalytic conversion. 11. The process according to claim 10
wherein at least a fraction of the higher  nitrogen oxides is removed by
ammonia injection wherein the ammonia is  injected in admixture with
hydrogen. WO 03/103809 PCT/US03/14654 -14 12. The process of claim 9
wherein an amount of deionized water sufficient  to absorb at least a
fraction of said higher oxides is injected with said  chlorine dioxide. 13.
The process according to claim 3 wherein at least a fraction of NO.
species initially present in said waste gas stream is removed before said
step a) of claim 1 above. 


