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Description

TECHNICAL FIELD

[0001] The presently disclosed invention relates generally to methods of removing iron from a catalytic converter,
particularly a DeNOx catalytic converter.

BACKGROUND

[0002] High temperature thermal processes, for example, the generation of steam for the production of electricity in
power plants utilizing fossil fuels and biomass or the incineration of domestic waste, often create environmentally harmful
by-products. These, among others, are fly ash, nitrogen oxide (NOx - refers to NO and NO2), and sulfur dioxides (SO2
and SO3). These compounds have to be removed from the flue gases of the high temperature thermal process before
being discharged to the environment.
[0003] Desulphurization of the flue gas, for example removal of SO2, may be carried out by applying known methods
in which the SO2 produced in the combustion process is oxidized to SO3. This is done prior to exposure of the flue gases
to the reduction catalyst. The SO3 may then be absorbed into an alkaline solution and removed from the process, usually
in the form of gypsum (calcium sulfate).
[0004] The standard for removing NOx from flue gases is the Selective Catalytic Reduction (SCR) process, where a
reducing reagent, typically ammonia, is injected, mixed into the flue gas, and sent through a catalytic reaction chamber
where a catalytic converter facilitates the reduction of NOx with the reducing agent to form nitrogen gas and water. The
catalytic converter is typically made of a substrate and a nitrogen oxide reducing catalyst. The substrate can generally
be of any appropriate material for supporting a catalyst, such as metals or ceramics. In plate-type configurations, for
instance, the substrate can comprise the metal mesh (i.e., a metal substrate) on which titaniumdioxide (for example) in
conjunction with a other compounds are supported and build a ceramic body or carrier material with a defined porous
structure. As such, plate-type configurations include both a metal and ceramic substrate. Honeycomb- or corrugated-
type configurations, however, do not utilize metal substrates. Instead, honeycomb- or corrugated-type configurations
utilize titaniumdioxide (for example) in conjunction with other compounds to form monolithic structures known as ceramic
substrates. In both cases, however, the nitrogen reducing catalyst (e.g., vandiumpentoxide, tungstenoxide, and molyb-
denumoxide) is embedded in or deposited on the titaniumdioxide. Moreover, the catalyst is embedded in or homogenously
distributed throughout the substrate only during the initial production process.
[0005] Catalytically relevant metal compounds are added to the dough prior to extruding the catalyst. During the
subsequent calcinations process the catalytically relevant substances are converted to the catalytic metal oxides (e.g.,
vandiumpentoxide, tungstenoxide, and molybdenumoxide). In some cases, however, a manufacturer may choose not
to add the catalytically relevant substances to the dough but rather impregnated/soak the substrate in catalytically
relevant substances followed by calcinations. In some cases a manufacturer may also add an impregnation step to
selectively deposit the nitrogen reducing catalyst on the substrate. In other cases, however, a manufacturer may omit
adding nitrogen reducing catalyst to the dough but impregnate the nitrogen reducing catalyst onto the substrate.
[0006] Throughout the operation of the catalyst, it becomes contaminated due to the accumulation of various sub-
stances from the flue gas on the catalyst. Most of them are responsible for the catalyst’s decrease in activity such as
Sodium, Potassium, Phosphorus and Arsenic. Others, like Iron, however, are known to be the main contributor for the
increase of the SO2/SO3 conversion rate during the catalysts usage cycle. This type of contamination is due to chemical
bonding of the compounds onto the catalyst. Iron contamination may come from a variety of sources, including the fuel
burned in the power plant. For example, depending on the origin and age of coal, the natural iron content may range
from about 5% to about 8% by weight, relative to the total amount of the mineral components in the coal.
[0007] It is generally known that during the regeneration of SCR catalysts, inorganic acids, such as sulfuric acid
(H2SO4) and hydrochloric acid (HCl), may be used to clean and restore the catalyst, such as by a soaking step and a
neutralizing step. Inorganic acids are typically odorless, which is another advantage to their use. Sulfuric acid, in particular,
is relatively inexpensive and commercially available. In addition, sulfuric acid is known to not have any negative impact
on the catalyst. However, treating a catalyst with sulfuric acid has disadvantages since the H2SO4 in a diluted aqueous
solution also corrodes the steel casings of the catalyst. Corrosion of the catalyst casings may also result in release of
water soluble iron compounds that can penetrate the pores of the SCR catalyst, further enhancing the undesired SO2
to SO3 conversion process.
[0008] The removal of iron contaminants from a DeNOx catalyst has been described in U.S. Pat. No. 7,569,506 in
which the catalyst is placed in a reaction solution comprising an aqueous solution of an inorganic or organic acid with
the addition of one or more antioxidants. Inorganic acids, namely hydrochloric acid, phosphorus acid, nitric acid, and,
in particular, sulfuric acid, are described. Organic acids, such as relatively strong organic acids, including oxalic acid,
citric acid, malonic acid, formic acid, chloroacetic acid, and benzole sulfonic acid were also used. Although the methods
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described in this reference were effective in removing iron accumulation on the catalyst, the strong acids described in
the reference also liberated iron ions from steel substrates and the steel casings of the catalyst. These iron ions can
then penetrate the pores of the catalyst, potentially enhancing the undesired SO2 to SO3 conversion.
[0009] US 2009/0233786A1 discloses a method for removing iron from a catalytic inverter comprising treating the
converter with an aqueous alkaline solution. The treatment of the converter with the aqueous alkaline solution has the
negative effect that Fe(OH)3 deposits on the converter.
[0010] Accordingly, there remains a need for methods for removing iron (e.g., iron compounds) accumulated on a
catalytic converter to remove contamination by iron compounds and avoiding the deposition of Fe(OH)3.

BRIEF SUMMARY

[0011] One or more embodiments of the present invention may address one or more of the aforementioned problems.
Certain embodiments according to the present invention provide methods of removing iron from a catalytic converter
having an accumulation of one or more iron compounds. According to certain embodiments of the present invention,
the methods of removing iron from a catalytic converter having an accumulation of one or more iron compounds can
comprise the steps of (i) treating the catalytic converter with a aqueous alkaline solution, in which the aqueous alkaline
solution comprises an antioxidant, wherein the antioxidant comprises substituted phenols, hydroquinones, catechols,
aliphatic mercapto compounds, araliphatic mercapto compounds, aromatic mercapto compounds, dithiocarbonates,
hydroxycarboxylic acids, enediols, phosphites, phosphonates, or combinations thereof, and is preferably selected from
the group consisting of ascorbic acid, mineral ascorbate salts, ammonium ascorbate, and combinations thereof, and
wherein the aqueous alkaline solution comprises from 0.05 to 5.00 wt. % of said antioxidant, and is preferably from 0.1
to 2.0 wt.% of said antioxidant, and more preferably from 0.1 to 2.0 wt.% of said antioxidant, and even more preferably
from 0.1 to 1.0 wt.% of said antioxidant, and wherein the chemical species employed to confer alkalinity to the aqueous
alkaline solution include inorganic bases selected from alkali metal hydroxides and hydroxides of alkaline earth metals;
and (ii) removing at least a portion of the one or more iron compounds accumulated on the catalytic converter. As such,
certain embodiments of the present invention comprise methods in which a contaminated (e.g., contaminated with one
or more iron compounds) catalytic converter is treated with a basic or alkaline wash (e.g., spray) or bath in the presence
of an antioxidant (e.g., a caustic treatment including at least one antioxidant).

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWING(S)

[0012] Having thus described embodiments of the invention in general terms, reference will now be made to the
accompanying drawings, which are not necessarily to scale, and wherein:

Figure 1 shows from left to right a FeCl3 solution, a 3% NaOH solution including ascorbic acid, and a 5% NaOH
solution including ascorbic acid; and
Figure 2 shows from left to right a FeCl3 solution, a 3% NaOH solution including ascorbic acid, and a 5% NaOH
solution including ascorbic acid after an 80 hour rest period.

DETAILED DESCRIPTION

[0013] The present invention now will be described more fully hereinafter with reference to the accompanying drawings,
in which some, but not all embodiments of the inventions are shown. Indeed, this invention can be embodied in many
different forms and should not be construed as limited to the embodiments set forth herein; rather, these embodiments
are provided so that this disclosure will satisfy applicable legal requirements. As used in the specification, and in the
appended claims, the singular forms "a", "an", "the", include plural referents unless the context clearly dictates otherwise.
[0014] In one aspect, embodiments of the present invention are directed to methods of removing iron from a catalytic
converter having an accumulation of one or more iron compounds. According to certain embodiments of the present
invention, the methods of removing iron from a catalytic converter having an accumulation of one or more iron compounds
can comprise the steps of (i) treating the catalytic converter with a aqueous alkaline solution, in which the aqueous
alkaline solution comprises an antioxidant and (ii) removing at least a portion of the one or more iron compounds
accumulated on the catalytic converter. As such, certain embodiments of the present invention comprise methods in
which a contaminated (e.g., contaminated with one or more iron compounds) catalytic converter is treated with a basic
or alkaline wash (e.g., spray) or bath in the presence of an antioxidant (e.g., a caustic treatment including at least one
antioxidant). In certain preferred embodiment, the aqueous alkaline solution comprises at least one antioxidant comprising
ascorbic acid, mineral ascorbate salts, ammonium ascorbate, and combinations thereof.
[0015] In accordance with certain embodiments of the present invention, the method of removing iron from a catalytic
converter and the method of regenerating a catalytic converter having an accumulation of one or more iron compounds
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facilitates the prevention of the formation of ferric iron (Fe3+). Ferric iron can undesirably precipitate as iron (III) hydroxide
(i.e., Fe(OH)3) and deposit irreversibly in the pores of the catalytic converter. As referenced earlier, iron is a catalyst
poison which can accumulate on the catalytic converter via exposure to flue gas. For instance, iron can be present in
the fly ash deposited on the catalytic converter. Additionally, however, catalytic converters can be exposed to further
iron content from the box frames and module frames which hold the catalytic converter in place during the cleaning
and/or regeneration process. Certain embodiments of the present invention can beneficially remove a significant portion
of iron content from operation and/or mitigate further deposition of iron onto or within the pores of the catalytic converter.
Preferably, such embodiments comprise a treatment step utilizing a aqueous alkaline solution including an antioxidant
in which the formation or oxidation to Fe3+ is mitigated so as to prevent the precipitation and/or deposition of Fe(OH)3
onto or within the catalytic converter.

Substrate

[0016] In accordance with certain embodiments of the present invention, the substrate that is treated for removing at
least a portion of accumulation iron compounds can comprise a substrate capable of supporting or having embedded
therein one or more metals that act as a catalyst, particularly at least one nitrogen oxide reduction catalyst. In certain
embodiments, a preferred substrate can comprise or be referred to as a catalyst support material or catalytic converter
substrate material. The substrate, according to certain embodiments, can be of any appropriate material for supporting
a catalyst. Preferred substrates include metal and/or ceramic substrates. Particularly preferred substrates include metal,
ceramic, and/or metal oxide substrates having plate, honeycomb, corrugated or mesh-type configurations.
[0017] Metallic substrates that can be used in accordance with certain embodiments of the present invention can be
composed of one or more metals or metal alloys. In one embodiment, for instance, the metallic substrates can be
employed as a mesh-type support substrate. Preferred metallic materials include heat resistant metals and metal alloys
such as titanium and stainless steel as well as other alloys in which iron is a substantial or major component. Such alloys
may contain, for example, one or more metals selected from the group consisting of nickel, chromium and aluminum.
[0018] In certain embodiments, the catalytic converter can comprise a metallic substrate, particularly in the form of a
mesh-type support, wherein the metallic substrate material is comprised of a metal alloy material. In certain preferred
embodiments, the alloy material comprises from 3 wt % to 30 wt % chromium, from 1 wt % to 10 wt % aluminum, or
from 5 wt% to 50 wt % nickel, based on total weight of the metal substrate (excluding catalyst).
[0019] The alloys may also contain small or trace amounts of one or more other metals such as manganese, copper,
vanadium, titanium and the like. The surface of the metal carriers may be oxidized at high temperatures (e.g., 1000°C
and higher) to improve the corrosion resistance of the alloy, such as by forming an oxide layer on the surface of the
carrier. Such high temperature-induced oxidation may enhance the adherence of a refractory metal oxide support and
catalyst components to the carrier.
[0020] One particular metal material that can be used as a substrate in a catalytic converter is an iron-chromium alloy.
In certain embodiments, the iron-chromium alloy can be provided in the form of a foil, and preferably can have a thickness
of from about 0.02 mm to about 0.06 mm.
[0021] In addition to metallic substrates, ceramic substrates can be used in accordance with certain embodiments of
the present invention and generally include any suitable metal oxide or refractory material. Examples of such materials
include, but are not limited to, titania, alumina, silica, alumina-silica, zirconia, magnesium oxide, hafnium oxide, lanthanum
oxide, cordierite, cordierite-alpha alumina, silicon nitride, zircon mullite, spodumene, alumina-silica magnesia, zircon
silicate, sillimanite, magnesium silicates, zircon and petalite.
[0022] According to certain embodiments of the present invention, the catalytic converter comprises a honeycomb
structure or configuration. Any suitable substrate material as described above can generally be employed depending
on an intended end use (e.g., to be used in a particular power plant predominately burning a certain type of material).
In certain embodiments, the catalytic converter comprises a monolithic catalytic converter having a plurality of parallel
gas flow passages/conduits. The passages can preferably comprise straight paths that extend from their fluid inlet to
their fluid outlet. The catalytic converter has embedded therein or deposited thereon the catalytic material (e.g., at least
one NOx reduction catalyst). The flow passages are preferably thin-walled. Suitable cross-sectional shape and size of
the flow passages include trapezoidal, rectangular, square, sinusoidal, hexagonal, oval, circular, etc., structures. Such
structures preferably contain from about 5 to about 600 gas inlet openings (i.e., "cells") per square inch of cross section.
[0023] In certain preferred embodiments, the catalytic converter comprises a DeNOx catalyst. In more preferred em-
bodiments, the catalytic converter comprises a SCR catalyst. Prior to treatment according to certain embodiments of
the present invention, the catalytic converter comprises a deactivated catalytic converter with approximately 20% to
70% loss of DeNOx performance activity.
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Iron and Iron Compounds

[0024] As noted above, certain embodiments of the present invention are particularly effective in removing iron from
a catalytic converter having an accumulation of one or more iron compounds. In accordance with certain embodiments,
the iron content can be deposited on the catalytic converter as a result of at least a portion of the coal combustion product
containing iron (e.g., iron containing compounds) coming into contact with the catalytic converter. As noted above, the
iron (e.g., iron containing compounds) can accumulate on the catalytic converter via exposure to flue gas. For instance,
iron can be present in the fly ash deposited on the catalytic converter. Additionally, however, catalytic converters can
be exposed to further iron content from the box frames and module frames which hold the catalytic converter in place
during the cleaning and/or regeneration process.
[0025] As used herein, the term "iron containing compound" includes an ionic iron compound, such as, but not limited
to, ionic compounds formed with a ferrous (Fe2+) ion or ionic compounds formed with a ferric (Fe3+) ion (including
mixtures of iron containing compounds). As discussed herein, a catalytic converter that is contaminated with or has an
accumulation of one or more iron compounds can have an iron concentration, either deposited on the catalyst or chemically
reacted with the catalyst, of greater than 0.3% by weight of Fe2O3 (as measured by X-ray fluorescence) based on total
weight of the catalyst material not including the metal substrate onto which a catalyst (i.e., plate type catalysts) may be
incorporated. Iron concentration can be measured as Fe2O3concentration in the catalyst using X-ray fluorescent tech-
nology, which technology may also be used to measure concentrations of other components, including SiO2, Al2O3,
TiO2, CaO, MgO, BaO, Na2O, K2O, SO3, P2O5, V2O5, WO3, MoO3, As, and Cr2O3. Other methods may be used to
measure iron concentration. In specific embodiments, the SCR catalyst may have an iron concentration ranging from
about 0.3% to about 12% by weight of Fe2O3 in the catalyst as measured using X-ray fluorescence.

Aqueous Alkaline Composition

[0026] The aqueous alkaline composition according to certain embodiments of the present invention that can be used
in methods to remove at least a portion of one or more iron compounds accumulated on the catalytic converter preferably
comprises a aqueous alkaline solution. As used herein, the term " aqueous alkaline solution " generally includes a
solution that comprises water and at least one chemical species that confers alkalinity and at least one antioxidant
compound dissolved in the water in such a concentration that the solution is still free flowing as a liquid (e.g., dissolved
up to the saturation point). A aqueous alkaline solution may further comprise one or more other compounds such as an
organic solvent, such as a polar organic solvent, for example an alcohol, provided the other compound(s) do not interfere
with the ability (wettability) of the aqueous alkaline solution to contact and wet the surface of the catalytic converter,
including penetration of the solution into the pores of the catalytic converter
[0027] Antioxidants that can be used individually or in any combination in accordance with the present invention include
the following: substituted phenols including phenolic carboxylic acids, hydroquinones, catechols, and/or inorganic or
organic, aliphatic, araliphatic or aromatic mercapto compounds, dithiocarbonates, hydroxycarboxylic acids or enediols
and/or phosphates or phosphonates, which also includes salts, esters, metal complexes or mixtures of such compounds.
[0028] Normal hydroquinone and catechol as well as substituted phenols, namely gallic acid and gallates and in
particular ascorbic acid, that is an effective antioxidant on account of its enediol structure, have proven to be particularly
advantageous. In certain preferred embodiments, the antioxidant can be selected from one or more of ascorbic acid
(including all isomers), mineral ascorbate salts, and ammonium ascorbate. One preferred mineral ascorbate salt com-
prises sodium ascorbate.
[0029] In certain embodiments of the present invention, the aqueous alkaline solution can be prepared by mixing the
antioxidant(s) with water (and a base to adjust the pH as desired) to form an aqueous solution having a desired antioxidant
concentration. According to embodiments of the present invention, the concentration of any component is determined
according to weight of the component added into a mixture to form the final material. For example, a concentration of
10 wt % of a component means that 10 parts by weight of the component is mixed with 90 parts by weight of all other
components in the final composition to form a 10 wt % concentration of that component.
[0030] The aqueous alkaline solution can contain an amount of antioxidant (e.g., ascorbic acid, mineral ascorbate
salts, and ammonium ascorbate) effective for removing a portion of accumulated iron present on the catalytic converter
and/or mitigating or preventing the formation of ferric ions during the method. For example, the aqueous alkaline solution
can be prepared at a total antioxidant concentration of from about 0.05 wt % to about 5 wt %, based on total weight of
the aqueous alkaline solution used to treat the catalytic converter. Preferably, the aqueous alkaline solution comprise
from about 0.1 wt.% to about 2.0 wt.% of the antioxidant or from about 0.1 wt.% to about 1.0 wt.% of the antioxidant.
[0031] In certain embodiments according to the present invention, treatment of the catalytic converter with the aqueous
alkaline solution can be carried out at an average pH of from slightly greater than 7 to 14. Preferably, treatment of the
catalytic converter with the aqueous alkaline solution is carried out at an average pH of from about 8 to about 14.
[0032] Although the chemical species employed to confer alkalinity to the aqueous alkaline solution in not particularly
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limited, certain preferred chemical species for conferring alkalinity (e.g., to raise and/or maintain the pH greater than 7)
include inorganic bases selected from alkali metal hydroxides (e.g., NaOH) and hydroxides of alkaline earth metals.
Alkali metal hydroxide and/or hydroxide of an alkaline earth metal can be present in a concentration range of from about
0.1 wt. % to about 10 wt. % (e.g., 0.1-8 wt. %; 0.1-5 wt.%; 0.1-4 wt.%; etc.) based upon the weight of the bath or solution.
[0033] The catalytic converter can be treated or contacted with the aqueous alkaline solution from about 1 minute to
about 6 hours (e.g., 0.25-5 hours; 0.25-3 hours; 0.25 - 2 hours; etc.).
[0034] In certain embodiments, the catalytic converter can preferably be treated or contacted with the aqueous alkaline
solution in a vessel that is suitable for immersing or submerging the catalytic converter into the aqueous alkaline solution.
Catalytic converters to be treated according to embodiments of the present invention can be completely or partially
submerged in the aqueous alkaline solution as desired. Agitation during treatment can be preferably provided during
treatment of the catalytic converter. For instance, either the aqueous alkaline solution can be agitated or the converter
can be physically moved to cause agitation. The aqueous alkaline solution can be agitated by any suitable means,
including by mechanical means or by flowing a fluid such as air through the treatment composition.
[0035] In accordance with certain embodiments, therefore, the methods of removing iron from a catalytic converter
can also include at least one of moving the catalytic converter within the aqueous alkaline solution, agitating the aqueous
alkaline solution, and recirculating aqueous alkaline solution.
[0036] In accordance with certain embodiments, the average temperature during treatment of the converter comprises
the aqueous alkaline solution comprises at least 10°C. More preferably, the average temperature during treatment of
the catalytic converter the aqueous alkaline solution comprises from 10°C to 90°C, more preferably from 20°C to 80°C,
and most preferably from 30°C to 50°C
[0037] In certain embodiments, the catalytic converter can be exposed to a high-frequency ultrasonic vibration, with
a simultaneous flow of aqueous alkaline solution across the catalytic converter. The intensity of the ultrasound can be
regulated and adapted to the degree of soiling. Preferably, ultrasonic sound is applied in the range of from about 15 kHz
(ks-1) to 150 kHz (ks-1) with the applied power ranging from 3 to 15 watts per liter of aqueous composition. For instance,
the percentage of power applied from each transducer can be varied allowing for a variance in power. Additional trans-
ducers can be added, or removed, further varying the power output. According to certain embodiments, therefore, the
sonication feature can allow for different frequencies to be applied to the treatment tank in which the catalytic converter
is being treated with the aqueous alkaline solution. That is, a single frequency or a mixture of frequencies can be applied
simultaneously if so desired.
[0038] Accordingly, certain embodiments of the present invention can comprise a step of treating the catalytic converter
with a aqueous alkaline solution further comprises subjecting the aqueous alkaline solution to an ultrasonic treatment
for at least a portion of the time in which the catalytic converter is at least partially submerged in the aqueous alkaline
solution.
[0039] In accordance with certain embodiments of the present invention, the methods for removing iron from a catalytic
converter can further comprise a step (one or more) of treating the catalytic converter with a aqueous acidic solution.
The treatment of the catalytic converter with a aqueous acidic solution can be performed prior to treatment with the
aqueous alkaline solution, after treatment with the aqueous alkaline solution, or both. In certain preferred embodiments,
the catalytic converter is treated with the aqueous acidic solution prior to the step of treating the catalytic converter with
a aqueous alkaline solution, and more preferably the aqueous acidic solution includes at least one antioxidant. Preferably,
the pH of the aqueous acidic solution ranges from about 1 to about 6 (e.g., 1-5, 2-4, etc.).
[0040] As used herein, the term " aqueous acidic solution" generally includes a solution that comprises water and at
least one chemical species that confers acidity dissolved in the water in such a concentration that the solution is still
free flowing as a liquid (e.g., dissolved up to the saturation point). As noted above, a aqueous acidic solution can also
comprise an antioxidant. A aqueous acidic solution may further comprise one or more other compounds such as an
organic solvent, such as a polar organic solvent, for example an alcohol, provided the other compound(s) do not interfere
with the ability (wettability) of the aqueous solution to contact and wet the surface of the catalytic converter, including
penetration of the solution into the pores of the catalytic converter.
[0041] The chemical species used to confer acidity to the aqueous acidic solution is not particularly limited and can
be selected from inorganic and/or organic acids. For example, sulfuric acid and hydrochloric acid are merely two examples
of suitable chemical species suitable for conferring the appropriate acidity to the aqueous acidic solution. In certain
embodiments, however, the aqueous acidic solution comprises an acidic reactive salt. Preferably the acidic reactive salt
comprises an ammonium-based acidic reactive salt.
[0042] As used herein, the term "acidic reactive salt" means any ionic salt that forms an acidic solution when dissolved
in water (i.e., an aqueous solution having a pH of less than 7.0) and in specific embodiments, any ionic salt that forms
an acidic aqueous solution having a pH of less than 5.0. Examples of acidic reactive salts suitable for use in various
embodiments of the present disclosure include, but are not limited to ammonium-based acidic reactive salts, such as
NH4+, primary, secondary, or tertiary ammonium salts (primary, secondary or tertiary ammonium salts may be substituted
with one or more alkyl group or other suitable organic group), having a suitable counterion, such as a counter anion
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selected from the group consisting of fluoride (F-), chloride (Cl-), bromide (Br), iodide (I-), astatide (At-, nitrate (NO3
-),

dihydrogen phosphate (H2PO4
-), hydrogen sulfate (HSO4

-), and sulfate (SO4
2-). In other embodiments, the acidic reactive

salt may include salts of alkaline earth metals having a counterion selected from the group consisting of fluoride (F-),
chloride (Cl-), bromide (Br), iodide (I-), astatide (At-, nitrate (NO3

-), dihydrogen phosphate (H2PO4
-), hydrogen sulfate

(HSO4
-), and sulfate (SO4

2-).
[0043] In certain embodiments, the acidic reactive salt may be an ammonium salt, such as ammonium fluoride, am-
monium chloride, ammonium bromide, ammonium iodide, ammonium nitrate, ammonium sulfate or a mixture of any
thereof. In specific embodiments, the acidic reactive salt can be ammonium chloride, ammonium sulfate or mixtures
thereof. In certain embodiments, the aqueous solution may comprise the acidic reactive salt in a concentration ranging
from about 0.1% to about 10.0%. In other embodiments, the aqueous solution may comprise the acidic reactive salt in
a concentration ranging from about 0.1 to about 4.0% by weight, and in other embodiments from about 0.5% to about
2.0% by weight of the solution. In still other embodiments, the aqueous solution may comprise sufficient acidic reactive
salt to make the pH of the solution less than 5.0.
[0044] In certain preferred embodiments, the aqueous acidic solution comprises an ammonium-based acidic reactive
salt is selected from the group consisting of ammonium chloride, ammonium fluoride, ammonium nitrate, ammonium
sulfate, and combinations thereof.
[0045] Although not necessary, the aqueous acidic solution can comprise an antioxidant. The particular antioxidant
used is not particularly limited but can include substituted phenols, hydroquinones, catechols, aliphatic mercapto com-
pounds, araliphatic mercapto compounds, aromatic mercapto compounds, dithiocarbonates, hydroxycarboxylic acids,
enediols, phosphites, phosphonates, or combinations thereof. In certain preferred embodiments, the antioxidant can be
selected from ascorbic acid, mineral ascorbate salts, ammonium ascorbate, and combinations thereof.
[0046] In certain embodiments, the catalytic converter can be exposed to a high-frequency ultrasonic vibration, with
a simultaneous flow of aqueous acidic solution across the catalytic converter. The intensity of the ultrasound can be
regulated and adapted to the degree of soiling. Preferably, ultrasonic sound is applied in the range of from about 15 kHz
(ks-1) to 150 kHz (ks-1) with the applied power ranging from 3 to 15 watts (m2·kg.s-3) per liter of aqueous composition.
For instance, the percentage of power applied from each transducer can be varied allowing for a variance in power.
Additional transducers can be added, or removed, further varying the power output. According to certain embodiments,
therefore, the sonication feature can allow for different frequencies to be applied to the treatment tank in which the
catalytic converter is being treated with the aqueous alkaline solution. That is, a single frequency or a mixture of fre-
quencies can be applied simultaneously if so desired.
[0047] Accordingly, certain embodiments of the present invention can comprise a step of treating the catalytic converter
with a aqueous acidic solution further comprising subjecting the aqueous acidic solution to an ultrasonic treatment for
at least a portion of the time in which the catalytic converter is at least partially submerged in the aqueous acidic solution.
[0048] According to certain embodiments of the present invention, a portion of any fly ash and/or large particles of
contaminants located on the surface of the catalytic converter being treated can be physically removed prior to treating
the catalytic converter with either the aqueous alkaline solution or the aqueous acidic solution. In such embodiments,
the physical removal of fly ash and contaminants can be accomplished, for example, by moving a stream of pressurized
vapor, (e.g., air) across or through the catalytic converter to loosen or dislodge a portion of material that has collected
on the catalytic converter. In one particular example, an air gun (e.g.,345kpa (kN/m2)-689kpa ((kN/m2))) can be used
as a source of pressurized air. A vacuum device can also be used to collect loose or dislodged particles. Total time for
dislodging particles from the catalytic converter depends on the size of the catalytic converter, but can typically range
from 5 to 60 minutes. In certain preferred embodiments, a portion of any fly ash and/or large particles of contaminants
located on the surface of the catalytic converter being treated can be physically removed by a blasting technique in
which the catalytic converter is treated with a blasting stream comprising a pressurized carrier gas and a particulate
blasting medium directed at a flue gas inlet side of the catalytic converter. The particulate blasting medium can include
dry ice particulates, aluminum oxide particulates, sand or silica particulates, silicon carbide particulates, crushed glass,
glass beads, plastic beads, pumice, steel shot, steel grit, corn cob particulates, nut shell particulates, soda particulates,
ice particulates, and combinations of any thereof. The particulate blasting medium can have a size ranging from about
0.05 mm up to 20 mm. According to certain embodiments, the blasting stream can comprise a pressurized carrier gas
that propels the particulate blasting medium at the catalytic converter. The carrier gas can be any suitable gas that may
be pressurized. Examples of suitable carrier gases include, but are not limited to, air, nitrogen, carbon dioxide, inert or
noble gases, and mixtures of any thereof. The carrier gas may be pressurized to a pressure sufficient to cause the
blasting stream to leave the nozzle of the blasting device at a pressure ranging from about 17.4 psig to about 4000 psig
(about 221kPa ((kN/m2)) to about 27680kPa ((kN/m2)). In specific embodiments, the pressurized carrier gas may be air.
According to certain embodiments, the pressurized air may have a dew point ranging from about 0°C to about 38°C.
Suitable blasting techniques are described in greater detail in U.S. Patent No. 8,268,743, which is hereby incorporated
by reference.
[0049] Although various features of certain embodiments of the present invention have been described herein, it should
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be noted that the features are provided for providing examples of the invention and should not be construed as limiting
the invention in any way. A few exemplary (non-limiting) methods of removing iron from a catalytic converter having an
accumulation of one or more iron compounds are provided below. For instance, the following exemplary methods recited
specific temperatures, times, pH ranges, and concentrations. These specific recitations are merely representative and
can be individually varied in accordance with the entire present disclosure. For example, the following exemplary em-
bodiments use ascorbic acid at 0.3 wt.%. However, each of the following exemplary embodiments can be modified to
include any of the antioxidant (e.g., ascorbic acid) concentrations discussed in the present disclosure.
[0050] In one particular embodiment, the method of removing iron from a catalytic converter having an accumulation
of one or more iron compounds can comprise treating the catalytic converter to the following sequential treatment steps:

1. Water, 0.3% Ascorbic Acid at about 50°C for about 1hr or until unplugged;
2. Alkaline treatment with 4% Sodium Hydroxide, 0.3% Ascorbic Acid at about 40°C for about 1hr;
3. Ultrasound, Alkaline treatment with 4% Sodium Hydroxide, 0.3% Ascorbic Acid at about 40°C for about 1hr;
4. 0.3% (Formic Acid or Sulfuric Acid) solution at about 40°C for about 1 to 2 hrs; and
5. Cascade - counter-flow or soak with deionized water.

[0051] In another particular embodiment, the method of removing iron from a catalytic converter having an accumulation
of one or more iron compounds can comprise treating the catalytic converter to the following sequential treatment steps:

1. Alkaline treatment with 4% Sodium Hydroxide, 0.3% Ascorbic Acid at about 40°C for about 1hr;
2. Ultrasound, Alkaline treatment with 4% Sodium Hydroxide, 0.3% Ascorbic Acid at about 40°C for about 1hr;
3. 0.3% (Formic Acid or Sulfuric Acid) solution at about 40°C for about 1 to 2 hrs; and
4. Cascade - counter-flow or soak with deionized water.

[0052] In another particular embodiment, the method of removing iron from a catalytic converter having an accumulation
of one or more iron compounds can comprise treating the catalytic converter to the following sequential treatment steps:

1. Water at 50°C for about 1hr or until unplugged;
2. Alkaline treatment with 4% Sodium Hydroxide, 0.3% Ascorbic Acid at about 40°C for about 1hr;
3. Ultrasound, Alkaline treatment with 4% Sodium Hydroxide, 0.3% Ascorbic Acid at about 40°C for about 1hr;
4. 0.3% (Formic Acid or Sulfuric Acid) solution at about 40°C for about 1 to 2 hrs; and
5. Cascade - counter-flow or soak with deionized water.

[0053] In another particular embodiment, the method of removing iron from a catalytic converter having an accumulation
of one or more iron compounds can comprise treating the catalytic converter to the following sequential treatment steps:

1. 0.3% Sulfuric Acid treatment at about 50°C for about 1hr or until unplugged;
2. Alkaline treatment with 4% Sodium Hydroxide, 0.3% Ascorbic Acid at about 40°C for about 1hr;
3. Ultrasound, Alkaline treatment with 4% Sodium Hydroxide, 0.3% Ascorbic Acid at about 40°C for about 1hr;
4. 0.3% (Formic Acid or Sulfuric Acid) solution at about 40°C for about 1 to 2 hrs; and
5. Cascade - counter-flow or soak with deionized water.

[0054] In another particular embodiment, the method of removing iron from a catalytic converter having an accumulation
of one or more iron compounds can comprise treating the catalytic converter to the following sequential treatment steps:

1. Water, 0.3% Ascorbic Acid and less than about 3% of an Ammonium salt (e.g., Ammoniumchloride or Ammoni-
umsulfate) at about 50°C for about 1hr or until unplugged;
2. Alkaline treatment with 4% Sodium Hydroxide, 0.3% Ascorbic Acid at about 40°C for about 1hr;
3. Ultrasound Alkaline treatment with 4% Sodium Hydroxide, 0.3% Ascorbic Acid at about 40°C for about 1hr;
4. 0.3% Formic Acid solution at about 40°C for about 1 to 2 hrs; and
5. Cascade - counter-flow or soak with deionized water.

Regeneration

[0055] In addition to providing a method of removing iron from a catalytic converter having an accumulation of one or
more iron compounds, another aspect of the invention provides methods of regenerating a catalytic converter. In ac-
cordance with certain embodiments of the present invention, a catalytic converter (e.g., a DeNOx catalyst and/or SCR
catalyst) having an accumulation of iron (e.g., iron containing compounds) deposited or chemically bonded thereon can
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be regenerated for commercial operation after being subjected to any of the previously described methods for removing
iron from a catalytic converter having an accumulation of one or more iron compounds.
[0056] In accordance with certain embodiments of the present invention, for instance, a catalytic converter having an
accumulation of one or more iron compounds can be treated with a aqueous alkaline solution including or in the presence
of an antioxidant and removing at least a portion of the one or more iron compounds accumulated on the catalytic
converter. After a portion of the accumulated iron compounds has been removed, the catalytic converter can be washed
(e.g., washed with water or an aqueous solution) and optionally at least partially dried. The catalytic converter, having
at least a portion of the one or more iron compounds removed, can be impregnated with at least one NOx removal
catalyst. The NOx removal catalyst can comprise catalytic active metals to provide a regenerated catalytic converter.
[0057] In accordance with certain embodiments of the present invention, the catalytic converter being regenerating
can comprise a honeycomb, corrugated or mesh-type configuration. For example, the catalytic converter to be treat-
ed/regenerated can comprise a honeycomb-style catalytic converter including a plurality of honeycomb shaped channels
in which at least a portion of the honeycomb shaped channels are plugged or blinded over prior to treatment/regeneration.
[0058] Prior to the step of impregnation with at least one NOx removal catalyst, a step of at least partially drying the
catalytic converter can be performed (e.g., after having at least a portion of the iron accumulation removed according
to embodiments disclosed herein). Drying can be accomplished by any suitable means. Preferably the catalytic converter
is dried in air. More preferably, the catalytic converter is dried by passing air across surfaces of the catalytic converter.
The air that is used for drying is preferably at a temperature of from 20°C to 700°C, more preferably from 100°C to 300°C.
[0059] Once the catalytic converter is at least partially dried, the catalytic converter can be impregnated with at least
one NOx removal catalyst. This impregnation can be used to return the catalytic converter to its former NOx removal
activity or to enhance NOx removal activity from any baseline condition (e.g., a pre-regeneration NOx removal activity
level). For instance, the pre-regeneration NOx removal activity level can comprise a NOx removal activity level exhibited
by the catalytic converter when new (e.g., prior to being in operation in a power plant). Alternatively, the pre-regeneration
NOx removal activity level can comprise a NOx removal activity level exhibited by the catalytic converter during any time
period of operation in a combustion process.
[0060] The catalytic converter can be impregnated with one or more NOx reduction catalyst metals selected from the
group consisting of Group 4, 5 and 6 metals. It should be noted, however, that the chemicals used for impregnation are
pre-cursors of the actual NOx reduction catalyst. That is, a subsequent heat treatment on-site or during the start-up of
the SCR system oxidizes the metals and chemically bonds them to the substrate. In one embodiment, the catalytic
converter is impregnated with vanadium or tungsten so that the active component is supported on or embedded in the
catalytic converter as is generally understood in the art. As noted above, however, only during the initial production
process of the catalytic converter is typically when the vanadium and tungsten is embedded in or homogeneously
distributed throughout the substrate since it is added to the substrate dough prior to the extrusion and calcination process.
During an impregnation process the vanadium or tungsten are supported on the substrate.
[0061] As one example of impregnating the catalytic converter with vanadium, the catalytic converter can be soaked
in an aqueous solution prepared by dissolving a vanadium compound (e.g., vanadium oxalate, ammonium metavanadate
or vanadyl sulfate) in water, an organic acid, or an amine solution. As one example, a treated catalyst is placed in a
solution of vanadium oxylate which contains from 0.1 wt. % to 10 wt. % vanadium for a period of from 1 minute to 60
minutes, preferably from 2 minutes to 20 minutes. Following vanadium impregnation, the catalytic converter is heat
treated in a drying oven to a final temperature of at least 100°C, preferably at least 150°C. In one embodiment, the
impregnated catalytic converter (e.g., a regenerated catalytic converter) contains about 0.3% by weight to about 3% by
weight of V2O5, based on the total weight of the impregnated catalytic converter without the metals substrate. The
catalytic converter is preferably heat treated in a calcining furnace to convert the vanadium compound to its catalytically
useful oxide form, V2O5, preferably at least 300°C, more preferably 425°C. Heating above 450 °C may cause the titanium
dioxide crystal structure to change to the undesirable rutile crystal structure. The actual amount of vanadium taken up
by the catalytic converter in the impregnation process is measured by x-ray fluorescence spectroscopy.
[0062] As one example of impregnating the catalytic converter with tungsten, the catalytic converter can be soaked
in an aqueous solution prepared by dissolving a tungsten compound (e.g., ammonium-paratungstate or tungsten chloride)
in water, hydrochloric acid, an amine solution or an organic acid. In certain embodiments, tungsten is impregnated in
combination with vanadium. This can be accomplished in a single step or in separate steps.
[0063] As one example of tungsten and vanadium impregnation, chemically compatible forms of tungsten and vana-
dium, such as ammonium meta-vanadate and ammonium para-tungstate, are combined in a single solution containing
from 2 to 100 g/l vanadium in the ammonium vanadate solution (measured as V2O5), and from 5 to 65 g/l tungsten in
the ammonium para-tungstate solution (measured as WO3). A treated catalyst is exposed to this base metal containing
solution for a period of from 1 second to 60 minutes, preferably from 2 seconds to 2 minutes, and then heat treated in
a drying oven to a final temperature of at least 100°C, preferably at least 150°C. The catalytic converter is preferably
heat treated in a calcining furnace to convert the vanadium and tungsten compounds to its catalytically useful oxide
form, V2O5 and WO3, preferably at least 300°C, more preferably 425°C. Heating above 450 °C may cause the titanium
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dioxide crystal structure to change to the undesirable rutile crystal structure. Following heat treatment and calcinations,
the concentrations of vanadium and tungsten are measured by x-ray fluorescence spectroscopy. Desirable concentra-
tions of these metals can range from 0.3 wt % to 10 wt % vanadium pentoxide and 2 wt % to 8 wt % tungsten trioxide,
based on the total weight of the impregnated substrate or catalytic converter.

EXAMPLES

[0064] The present disclosure is further illustrated by the following examples, which in no way should be construed
as being limiting. That is, the specific methods and results described in the following examples are merely illustrative,
and not limiting.
[0065] Ascorbic acid (AA) is a known reducing agent under acidic condition. The objective of the study described
below was to evaluate if the ascorbic acid (e.g., the sodium salt of ascorbic acid) is able to prohibit the undesirable
oxidation of iron under an alkaline condition.

Parameters:

[0066] Table 1 provides an overview of the parameters analyzed during this study.

Experimental Design

Pre-Testing:

[0067] An initial study was conducted to determine if sodium ascorbate will prevent the oxidation of iron under an
alkaline condition.

Test 1

[0068] The testing was conducted according to the following numbered steps:

1. 500ml of FeCl3 1000ppm (0.1%) was prepared in a 500 ml beaker. The pH was 2.64, ORP was 640mV, and the
contents within the beaker were yellow in color as shown in Figure 1 (See reference numeral 10). 100 ml of this
solution was then poured into a 150 ml beaker.
2. 0.2g of ascorbic acid ("AA") was added to the beaker. The pH was 2.27, ORP was 250mV, and the color of the
contents became clear.
3. Approximately 50ml of 0.1N NaOH was then added to the beaker. The pH increased to 8.04, ORP was 350mV,
and the contents of the beaker became purple in color.
4. Poured 30ml of liquid out since the beaker size was 150ml.
5. 20ml of 5N NaOH were added to approximately 120ml of above solution (from step 4). The pH increased to 13.09,
ORP was 780mV, and the color was a dark green. See reference numeral 20 in Figure 1. The resulting NaOH
concentration was approximately 3% by weight and no building or formation of flocks were observed. The lack of
flock formation indicates that AA keeps the Iron as Iron2+ dissolved in the solution.
6. 50ml of the solution formed in step 5 was obtained and combined with 10ml of 5N NaOH. The pH was ~14 and
the color became brown. See reference numeral 30 in Figure 1. The resulting NaOH concentration was approximately
5% by weight. No building or formation of flocks was observed. The lack of flock formation indicates that AA keeps
the Iron as Iron2+ dissolved in the solution.
7. Approximately 1ml of H2O2 was added to 10ml of solution obtained from steps 5 and 6, respectively. In each
case, brown/orange deposits began forming over a few hours and settling out. The H2O2 slowly oxidized the Iron2+

to Iron3+ and Fe(OH)3 was precipitating.

Table 1: Analysis Parameters

Parameter Method Detection Limit/Range

Appearance Visual NA

pH FISHER SCIENTIFIC Accumet Basic pH-Meter 0 to 14

Oxidation Reduction Potential OAKTON, ORP testr 10 -999mV to 1000mV

Catalyst Composition Analysis PANalytical Axios X-Ray Fluorescent Analyzer NA
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Test 2

[0069] The FeCl3 solution, as well as the solutions listed under steps 5 and 6 above, was examined after a rest period
of 80hrs. As shown in Figure 2, the FeCl3 solution 10 turned from clear/yellow to turbid/orange. This change in color can
be attributed to the oxygen in the air slowly oxidizing Iron2+ to Iron3+ and Fe(OH)3 was precipitating.
[0070] The solution under step 5 remained clear but the color changed from dark green to brown. A small amount of
solids were visible on the bottom of the beaker. A transition phase was visible between the clear solution and the solids
which appear to indicate that a portion of the solids is going back into solution (re-dissolution).
[0071] The solution under step 6 remained clear but the color changed from brown to orange. A small amount of solids
were visible on the bottom of the beaker. A transition phase was visible between the clear solution and the solids which
appear to indicate that a portion of the solids is going back into solution (re-dissolution).

Test 3: Catalyst Rejuvenation Testing

[0072] Tables 2 and 3 below show the catalyst rejuvenation tests conducted on iron-containing catalysts to determine
if sodium ascorbate can improve the catalyst quality as compared to a cleaning process without sodium ascorbate. The
catalysts used are of a honeycomb shape. In the following Tables, the term "Cascade" means that the sample was
subjected to three (3) soaks (each lasting 30 minutes) in fresh deionized water.

Table 2: Testing Details for Catalyst ’A’

Trial No. Treatment Regime

N/A Deactivated Catalyst

1 0.3% H2SO4/0.3%AA 50°C 2hr
1% NaOH 50°C 1hr
2% NaOH Ultrasound 40°C 1hr
0.3% H2SO4; Room temperature; 1 hr
0.3% H2SO3/0.3% AA 50°C 1hr

Cascade

2 0.3% H2SO4/0.3%AA 50°C 2hr

1% NaOH/0.3% AA 50°C 1hr
2% NaOH Ultrasound /0.3%VC 40°C 1hr
0.3% H2SO4; Room temperature; 1 hr
Cascade

3 5% NaOH 65°C 1hr
5% NaOH Ultrasound 40°C 1hr
0.3% H2SO4; Room temperature; 2hr
Cascade

4 5% NaOH/0.3%AA 65°C 1hr
5% NaOH/0.3% AA Ultrasound 40°C 1hr

0.3% H2SO4; Room temperature; 2hr
Cascade

5 1% NaOH/0.3%AA 50°C 1hr
2% NaOH Ultrasound /0.3%VC 40°C 1hr
0.3% H2SO4; Room temperature; 1hr
Cascade

6 0.3% H2SO4/0.3%AA 50°C 2hr
5% NaOH 65°C 1hr
5% NaOH Ultrasound 40°C 1hr
0.3% H2SO4; Room temperature; 2h

0.3% H2SO4/0.3%AA 50°C 1hr
Cascade
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[0073] Trials 1 and 2 were the initial rejuvenation trials using a first iron removal step (0.3% H2SO4/ 0.3% AA at 50°C
for 2hr) followed by Sodium Hydroxide caustic treatment steps. Trial 1 includes a second iron removal step while this
was omitted in Trial 2. Instead VC was added to the caustic step which will form sodium ascorbate.
[0074] The XRF data in Table 3 illustrates that the iron content of the catalyst from Trials 1 and 2 is lower than the
deactivated catalyst. However, Trial 1 was slightly more effective:

[0075] It was also noticed, however, that this deactivated catalyst had an extreme surface blinding layer consisting of
silica - represented by the SiO2 - and Aluminum- represented by the Al2O3 in the XRF data table for the deactivated
catalyst. The surface values for SiO2 was 17.95% and for Al2O3 was 4.45%. The rejuvenated catalyst from Trials 1 and
2 had a blinding layer of 9.53% and 8.47% SiO2, respectively, and 2.60% and 2.17% Al2O3, respectively. The blinder
layer also reduces the performance of a catalyst and shields poisons, including iron. Consequently, the blinding layer
should preferably also be removed during the rejuvenation process.
[0076] Trials 3 and 4 were conducted to evaluate if an elevated caustic concentration was able to remove the blinding
layer as compared to Trial 5 where the lower caustic concentrations were applied again. The results illustrate that a
stronger caustic treatment facilitates a more effective removal of the blinding layer, but they also illustrate that an iron
removal step is needed to reduce the iron content:

[0077] Trial 6 included a pre- and post-iron removal step with a strong caustic treatment in between. Trial 7 was
identical to Trail 6, but without the post-iron removal step and the addition of VC to the caustic treatment. Trial 8 was
identical to Trial 6, but omits the post-iron removal step. Fe2O3 measurements obtained after performing Trials 6-8 were
as follows:

[0078] These results illustrate that the addition of VC to the caustic step in fact inhibits the oxidation of Iron2+ to Iron3+

since the catalyst from Trial 7 shows lower iron concentrations than the catalyst from Trial 8.

(continued)

Trial No. Treatment Regime

7 0.3% H2SO4/0.3%AA 50°C 2hr
5% NaOH/0.3%AA 65°C 1hr
5% NaOH/0.3% AA Ultrasound 40°C 1hr
0.3% H2SO4; Room temperature; 2hr

Cascade

8 0.3% H2SO4/0.3%AA 50°C 2hr

5% NaOH 65°C 1hr
5% NaOH Ultrasound 40°C 1hr
0.3% H2SO4; Room temperature; 2hr
Cascade

Deactivated Catalyst: surface Fe2O3 2.15%, bulk Fe2O3 1.24%
Trial 1: surface Fe2O3 0.54%, bulk Fe2O3 0.46%
Trial 2: surface Fe2O3 0.69%, bulk Fe2O3 0.58%

Trial 3: surface Fe2O3 1.60%, bulk Fe2O3 1.20%
Trial 4: surface Fe2O3 1.32%, bulk Fe2O3 1.10%
Trial 5: surface Fe2O3 1.46%, bulk Fe2O3 1.18%

Trial 6: surface Fe2O3 0.55%, bulk Fe2O3 0.47%
Trial 7: surface Fe2O3 0.64%, bulk Fe2O3 0.57%
Trial 8: surface Fe2O3 0.75%, bulk Fe2O3 0.62%
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[0079] Based on the findings for Catalyst ’A’, another iron-containing catalyst -Catalyst ’B’- was treated using the same
rejuvenation recipe as described in Trials 6 and 7 from Catalyst ’A’.

[0080] As illustrated by the data in Table 5, catalyst treatment regime in which the caustic solution containing ascorbic
acid (AA) was used provided a noticeably lower iron concentration on both the surface and in the bulk.

Table 4 Testing Details for Catalyst ’B’

Trial No. Treatment

N/A Deactivated

9 5%NaOH 60°C 2hr
5% NaOH Ultrasound 45°C 1hr
0.3% H2SO4 40°C 2hr
0.3%H2SO4/0.3%AA 50°C 2hr

Cascade

10 0.3%H2SO4/0.3%AA 50°C 2hr

5%NaOH/0.3%AA 60°C 2hr
5% NaOH/0.3%AA US 45°C 1hr
0.3% H2SO4 40°C 2hr
Cascade

Table 5. XRF Results for the Catalyst ’B’ Rejuvenation Trials

Deactivated Deactivated Trial 9 Trial 10

Surface Bulk Surface Bulk Surface Bulk

SiO2 % 17.36 3.54 3.12 2.56 2.65 2.51

Al2O3 % 6.58 1.06 1.29 0.80 0.74 0.78

Fe2O3 % 5.88 1.58 0.68 0.27 0.37 0.23

TiO2 % 61.70 83.55 86.65 87.83 88.27 88.22

CaO % 1.01 1.33 1.07 1.26 1.01 1.22

MgO % 0.36 0.10 0.11 0.09 0.06 0.10

BaO % 0.00 0.17 0.00 0.00 0.00 0.00

Na2O % 0.00 0.04 0.01 0.03 0.00 0.02

K2O % 0.02 0.02 0.01 0.01 0.00 0.01

SO3 % 0.44 0.61 0.71 0.99 0.66 0.83

P2O5 % 0.22 0.05 0.02 0.03 0.02 0.02

V2O5 % 0.14 0.23 0.13 0.18 0.15 0.18

WO3 % 5.36 7.18 5.73 5.74 5.72 5.70

MoO3 % 0.21 0.23 0.08 0.06 0.09 0.05

As ppm 1000 500 400 0 0 0

Cr2O3 % 0.07 0.02 0.03 0.01 0.00 0.01

Deactivated Catalysts: surface Fe2O3 5.88%, bulk Fe2O3 1.58%
Trial 9: surface Fe2O3 0.68%, bulk Fe2O3 0.27%
Trial 10: surface Fe2O3 0.37%, bulk Fe2O3 0.23%
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[0081] To further confirm the benefits associated with methods in which ascorbic acid is carried through the NaOH
steps, an additional trail (i.e., Trial 11) was performed to provide a comparison to the results realized in Trial 10. That
is, the treatment regime used in Trial 11 was identical to that of Trial 10 with the exceptions that (i) ascorbic acid was
not included in the NaOH treatment steps in Trial 11 and the treatment regime of Trial 11 included a post-iron removal
step (i.e., 0.3%H2SO4/0.3%AA; 50°C; 2hr). See Table 6.

[0082] As illustrated by the data in Table 7, the catalyst treatment regime (i.e., Trial 10) in which the caustic solution
containing ascorbic acid (AA) was used provided a nearly identical iron concentration on both the surface and in the
bulk despite not including a post-iron removal step (i.e., 0.3%H2SO4/0.3%AA; 50°C; 2hr).

Table 6 Testing Details for Catalyst ’B’

Trial No. Treatment

10 0.3%H2SO4/0.3%AA 50°C 2hr
5%NaOH/0.3%AA 60°C 2hr
5% NaOH/0.3%AA Ultrasound; 45°C 1hr
0.3% H2SO4 40°C 2hr
Cascade

11 0.3%H2SO4/0.3%AA; 50°C; 2hr
5%NaOH; 60°C; 2hr
5% NaOH; Ultrasound; 45°C; 1hr

0.3% H2SO4; 40°C; 2hr
0.3%H2SO4/0.3%AA; 50°C; 2hr

Cascade

Table 7. XRF Results for the Catalyst ’B’ Rejuvenation Trials 10 and 11.

Deactivated Deactivated Trial 10 Trial 11

Surface Bulk Surface Bulk Surface Bulk

SiO2 % 17.36 3.54 2.65 2.51 3.69 2.89

Al2O3 % 6.58 1.06 0.74 0.78 1.36 0.88

Fe2O3 % 5.88 1.58 0.37 0.23 0.38 0.20

TiO2 % 61.70 83.55 88.27 88.22 86.51 87.66

CaO % 1.01 1.33 1.01 1.22 1.12 1.37

MgO % 0.36 0.10 0.06 0.10 0.12 0.08

BaO % 0.00 0.17 0.00 0.00 0.00 0.00

Na2O % 0.00 0.04 0.00 0.02 0.00 0.07

K2O % 0.02 0.02 0.00 0.01 0.01 0.01

SO3 % 0.44 0.61 0.66 0.83 0.59 0.64

P2O5 % 0.22 0.05 0.02 0.02 0.02 0.03

V2O5 % 0.14 0.23 0.15 0.18 0.15 0.13

WO3 % 5.36 7.18 5.72 5.70 5.68 5.95

MoO3 % 0.21 0.23 0.09 0.05 0.11 0.07

As ppm 1000 500 0 0 500 0

Cr2O3 % 0.07 0.02 0.00 0.01 0.00 0.01
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Conclusion

[0083] Sodium ascorbate can inhibit the oxidation of Iron2+ to Iron3+. This allows for the omission of the post-iron
removal step while producing a catalyst with lower iron content compared to the deactivated catalyst and even lower
iron content than a catalyst treated with the pre- and post- iron removal steps.
[0084] The foregoing disclosure provides illustrative embodiments of the invention and is not intended to be limiting.
As understood by those of skill in the art, the overall invention is defined by the claims.

Claims

1. A method of removing iron from a catalytic converter having an accumulation of one or more iron compounds,
comprising:

(i) treating the catalytic converter with a aqueous alkaline solution, said aqueous alkaline solution comprises
an antioxidant,
wherein the antioxidant comprises substituted phenols, hydroquinones, catechols, aliphatic mercapto com-
pounds, araliphatic mercapto compounds, aromatic mercapto compounds, dithiocarbonates, hydroxycarboxylic
acids, enediols, phosphites, phosphonates, or combinations thereof, and is preferably selected from the group
consisting of ascorbic acid, mineral ascorbate salts, ammonium ascorbate, and combinations thereof, and
wherein the aqueous alkaline solution comprises from 0.05 to 5.00 wt. % of said antioxidant, and is preferably
from 0.1 to 2.0 wt.% of said antioxidant, and more preferably from 0.1 to 2.0 wt.% of said antioxidant, and even
more preferably from 0.1 to 1.0 wt.% of said antioxidant, and
wherein the chemical species employed to confer alkalinity to the aqueous alkaline solution include inorganic
bases selected from alkali metal hydroxides and hydroxides of alkaline earth metals; and
(ii) removing at least a portion of the one or more iron compounds accumulated on the catalytic converter.

2. The method of any one of the preceding claims, further comprising the steps of:

(iii) washing the catalytic converter with water or an aqueous solution;
(iv) at least partially drying the catalytic converter; and
(v) impregnating the catalytic converter with at least one NOx removal catalyst with catalytic active metals to
provide a regenerated catalytic converter

3. The method of one of the preceding claims, wherein the antioxidant comprises sodium ascorbate.

4. The method of one of the preceding claims, wherein the aqueous alkaline solution has a pH from 7 to 14, and is
preferably from 8 to 14.

5. The method of one of the preceding claims, further comprising a step of treating the catalytic converter with a
aqueous acidic solution, and preferably wherein the catalytic converter is treated with the aqueous acidic solution
prior to the step of treating the catalytic converter with a aqueous alkaline solution.

6. The method of claim 5, wherein the aqueous acidic solution comprises an antioxidant, such as substituted phenols,
hydroquinones, catechols, aliphatic mercapto compounds, araliphatic mercapto compounds, aromatic mercapto
compounds, dithiocarbonates, hydroxycarboxylic acids, enediols, phosphites, phosphonates, or combinations there-
of.

7. The method of claim 6, wherein the antioxidant is selected from the group consisting of ascorbic acid, mineral
ascorbate salts, ammonium ascorbate, and combinations thereof.

8. The method of claim 5, wherein the aqueous acidic solution comprises an ammonium-based acidic reactive salt,
such as ammonium chloride, ammonium fluoride, ammonium nitrate, ammonium sulfate, and combinations thereof,

Deactivated Catalysts: surface Fe2O3 5.88%, bulk Fe2O3 1.58%
Trial 10: surface Fe2O3 0.37%, bulk Fe2O3 0.23%
Trial 11: surface Fe2O3 0.38%, bulk Fe2O3 0.20%.
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and an antioxidant.

9. The method of claim 1, wherein the step of treating the catalytic converter with a aqueous alkaline solution is
performed at a temperature between 10-80°C.

10. The method of claim 1, wherein the step of treating the catalytic converter with a aqueous alkaline solution further
comprises at least one of moving the catalytic converter within the aqueous alkaline solution, agitating the aqueous
alkaline solution, and recirculating aqueous alkaline solution.

11. The method of claim 1, wherein the step of treating the catalytic converter with a aqueous alkaline solution further
comprises subjecting the aqueous alkaline solution to an ultrasonic treatment for at least a portion of the time in
which the catalytic converter is at least partially submerged in the aqueous alkaline solution.

12. The method of any one the preceding claims, further comprising a pretreatment cleaning step prior to the step of
treating the catalytic converter with a aqueous alkaline solution, said pretreatment cleaning step comprising directly
or indirectly physically removing at least a portion of any dust or fly ash on the catalytic converter.

13. The method of claim 12, wherein said pretreatment cleaning step comprises spraying the catalytic converter with a
fluid, scrapping dust or fly ash of the catalytic converter, subjecting the catalytic converter to an ultrasonic treatment,
subjecting the catalytic convertor to a blasting technique, or combinations thereof.

14. The method of any one of the preceding claims, wherein the catalytic converter comprises a DeNOx catalyst, such
as a SCR catalyst.

Patentansprüche

1. Ein Verfahren zum Entfernen von Eisen von einem Katalysator mit einer Ansammlung von einer oder mehreren
Eisenverbindungen, aufweisend:

(i) Behandeln des Katalysators mit einer wässrigen alkalischen Lösung, wobei die wässrige alkalische Lösung
ein Antioxidationsmittel aufweist, wobei das Antioxidationsmittel substituierte Phenole, Hydroquinone, Brenz-
katechine, aliphatische Mercapto-Verbindungen, araliphatische Mercapto-Verbindungen, aromatische Mercap-
to-Verbindungen, Dithiocarbonate, Hydroxy-Carbonsäuren, Enediole, Phosphite, Phosphonate oder Kombina-
tionen davon aufweist, und bevorzugt ausgewählt ist aus der Gruppe bestehend aus Ascorbinsäure, minerali-
schen Ascorbatsalzen, Ammonium-Ascorbat und Kombinationen davon, und wobei die wässrige alkalische
Lösung zwischen 0,05 - 5,0 Gew.-% des Antioxidationsmittels aufweist, und vorzugsweise zwischen 0,1 - 2,0
Gew.-% des Antioxidationsmittels und bevorzugter zwischen 0,1 - 2,0 Gew.-% des Antioxidationsmittels und
stärker bevorzugt zwischen 0,1 - 1,0 Gew.-% des Antioxidationsmittels aufweist, und wobei die chemischen
Spezien, die zum Verleihen der Alkalität der wässrigen alkalischen Lösung verwendet werden, anorganische
Basen umfassen, ausgewählt aus den Alkalimetallhydroxiden und Hydroxiden der Erdalkalimetalle, und
(ii) Entfernen von zumindest eines Teils der einen oder mehreren auf dem Katalysator angesammelten Eisen-
verbindungen.

2. Das Verfahren nach einem der vorhergehenden Ansprüche, ferner aufweisend die Schritte:

(iii) Waschen des Katalysators mit Wasser oder einer wässrigen Lösung,
(iv) zumindest teilweises Trocknen des Katalysators, und
(v) Imprägnieren des Katalysators mit zumindest einem Katalysator zum Entfernen von NOx mit katalytisch
aktiven Metallen zum Bereitstellen eines regenerierten Katalysators.

3. Das Verfahren nach einem der vorhergehenden Ansprüche, wobei das Antioxidationsmittel Natriumascorbat um-
fasst.

4. Das Verfahren nach einem der vorhergehenden Ansprüche, wobei die wässrige alkalische Lösung einen pH-Wert
zwischen 7 und 14, vorzugsweise zwischen 8 und 14 aufweist.

5. Das Verfahren nach einem der vorhergehenden Ansprüche, ferner aufweisend einen Schritt des Behandelns des
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Katalysators mit einer wässrigen sauren Lösung, wobei der Katalysator vorzugsweise vor dem Schritt des Behan-
delns des Katalysators mit einer wässrigen alkalischen Lösung mit der wässrigen sauren Lösung behandelt wird.

6. Das Verfahren nach Anspruch 5, wobei die wässrige saure Lösung ein Antioxidationsmittel aufweist, wobei das
Antioxidationsmittel substituierte Phenole, Hydroquinone, Brenzkatechine, aliphatische Mercapto-Verbindungen,
araliphatische Mercapto-Verbindungen, aromatische Mercapto-Verbindungen, Dithiocarbonate, Hydroxy-Carbon-
säuren, Enediole, Phosphite, Phosphonate oder Kombinationen davon aufweist.

7. Das Verfahren nach Anspruch 6, wobei das Antioxidationsmittel gewählt ist aus der Gruppe bestehend aus Ascor-
binsäure, mineralischen Ascorbatsalzen, Ammonium-Ascorbat und Kombinationen davon.

8. Das Verfahren nach Anspruch 5, wobei die wässrige saure Lösung ein ammonium-basiertes saures reaktives Salz
wie beispielsweise Ammoniumchlorid, Ammoniumfluorid, Ammoniumnitrat, Ammoniumsulfat oder Kombinationen
davon sowie ein Antioxidationsmittel aufweist.

9. Das Verfahren nach Anspruch 1, wobei der Schritt des Behandelns des Katalysators mit einer wässrigen alkalischen
Lösung bei einer Temperatur zwischen 10 und 80°C durchgeführt wird.

10. Das Verfahren nach Anspruch 1, wobei der Schritt des Behandelns des Katalysators mit einer wässrigen alkalischen
Lösung ferner zumindest umfasst, dass der Katalysator in der wässrigen alkalischen Lösung bewegt wird, die
wässrige alkalische Lösung gerührt wird oder die wässrige alkalische Lösung rezirkuliert wird.

11. Das Verfahren nach Anspruch 1, wobei der Schritt des Behandelns des Katalysators mit einer wässrigen alkalischen
Lösung ferner ein Aussetzen der wässrigen alkalischen Lösung einer Ultraschallbehandlung für zumindest einen
Teil der Zeit, in welcher der Katalysator zumindest teilweise in der wässrigen alkalischen Lösung eingetaucht ist,
umfasst.

12. Das Verfahren nach einem der vorhergehenden Ansprüche, ferner aufweisend einen Vorbehandlungs-Reinigungs-
schritt vor dem Schritt des Behandelns des Katalysators mit einer wässrigen alkalischen Lösung, wobei der Vorbe-
handlungs-Reinigungsschritt ein direktes oder indirektes physikalisches Entfernen von zumindest einem Teil des
Staubs oder der Flugasche auf dem Katalysator umfasst.

13. Das Verfahren nach Anspruch 12, wobei der Vorbehandlungs-Reinigungsschritt ein Besprühen des Katalysators
mit einem Fluid, ein Abklopfen von Staub oder Flugasche von dem Katalysator, ein Aussetzen des Katalysators
einer Ultraschallbehandlung sowie ein Aussetzen des Katalysators einem Abstrahlverfahren oder Kombinationen
davon umfasst.

14. Das Verfahren nach einem der vorhergehenden Ansprüche, wobei der Katalysator einen DeNOx-Katalysator, wie
beispielsweise einen SCR-Katalysator, umfasst.

Revendications

1. Procédé d’élimination de fer d’un convertisseur catalytique présentant une accumulation d’un ou plusieurs composés
à base de fer, comprenant :

(i) le traitement du convertisseur catalytique avec une solution alcaline aqueuse, ladite solution alcaline aqueuse
comprenant un antioxydant,
dans lequel l’antioxydant comprend des phénols substitués, des hydroquinones, des catéchols, des composés
mercapto aliphatiques, des composés mercapto araliphatiques, des composés mercapto aromatiques, des
dithiocarbonates, des acides hydroxycarboxyliques, des ènediols, des phosphites, des phosphonates, ou des
combinaisons de ceux-ci, et est de préférence choisi dans le groupe constitué par l’acide ascorbique, les sels
d’ascorbate de minéral, l’ascorbate d’ammonium et des combinaisons de ceux-ci, et
dans lequel la solution alcaline aqueuse comprend de 0,05 à 5,00 % en poids dudit antioxydant et est de
préférence de 0,1 à 2,0 % en poids dudit antioxydant, et plus préférablement de 0,1 à 2,0 % en poids dudit
antioxydant, et encore plus préférablement de 0,1 à 1,0 % en poids dudit antioxydant, et
dans lequel les espèces chimiques utilisées pour conférer une alcalinité à la solution alcaline aqueuse com-
prennent les bases inorganiques choisies parmi les hydroxydes de métaux alcalins et les hydroxydes de métaux
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alcalino-terreux ; et
(ii) l’élimination d’au moins une partie du ou des composés à base de fer accumulés sur le convertisseur
catalytique.

2. Procédé selon l’une quelconque des revendications précédentes, comprenant en outre les étapes de :

(iii) lavage du convertisseur catalytique avec de l’eau ou une solution aqueuse ;
(iv) séchage au moins partiellement du convertisseur catalytique ; et
(v) imprégnation du convertisseur catalytique avec au moins un catalyseur d’élimination de NOx avec des
métaux catalytiques actifs pour fournir un convertisseur catalytique régénéré.

3. Procédé selon l’une quelconque des revendications précédentes, dans lequel l’antioxydant comprend de l’ascorbate
de sodium.

4. Procédé selon l’une quelconque des revendications précédentes, dans lequel la solution alcaline aqueuse a un pH
de 7 à 14 et est de préférence de 8 à 14.

5. Procédé selon l’une quelconque des revendications précédentes, comprenant en outre une étape de traitement du
convertisseur catalytique avec une solution acide aqueuse, et de préférence dans lequel le convertisseur catalytique
est traité avec la solution aqueuse acide avant l’étape de traitement du convertisseur catalytique avec une solution
aqueuse alcaline.

6. Procédé selon la revendication 5, dans lequel la solution aqueuse acide comprend un antioxydant, tels des phénols
substitués, des hydroquinones, des catéchols, des composés mercapto aliphatiques, des composés mercapto
araliphatiques, des composés mercapto aromatiques, des dithiocarbonates, des acides hydroxycarboxyliques, des
ènediols, des phosphites, des phosphonates, ou des combinaisons de ceux-ci.

7. Procédé selon la revendication 6, dans lequel l’antioxydant est choisi dans le groupe constitué par l’acide ascorbique,
les sels d’ascorbate de minéral, l’ascorbate d’ammonium et des combinaisons de ceux-ci.

8. Procédé selon la revendication 5, dans lequel la solution aqueuse acide comprend un sel réactif à base d’ammonium,
tel que le chlorure d’ammonium, le fluorure d’ammonium, le nitrate d’ammonium, le sulfate d’ammonium et des
combinaisons de ceux-ci, et un antioxydant.

9. Procédé selon la revendication 1, dans lequel l’étape de traitement du convertisseur catalytique avec une solution
aqueuse alcaline est réalisée à une température comprise entre 10 et 80 °C.

10. Procédé selon la revendication 1, dans lequel l’étape de traitement du convertisseur catalytique avec une solution
aqueuse alcaline comprend en outre au moins une du déplacement du convertisseur catalytique dans la solution
aqueuse alcaline, de l’agitation de la solution aqueuse alcaline et de la recirculation de la solution aqueuse alcaline.

11. Procédé selon la revendication 1, dans lequel l’étape de traitement du convertisseur catalytique avec une solution
aqueuse alcaline comprend en outre la soumission de la solution aqueuse alcaline à un traitement par ultrasons
pendant au moins une partie du temps pendant lequel le convertisseur catalytique est au moins partiellement
submergé dans la solution aqueuse alcaline.

12. Procédé selon l’une quelconque des revendications précédentes, comprenant en outre une étape de nettoyage de
prétraitement avant l’étape de traitement du convertisseur catalytique avec une solution aqueuse alcaline, ladite
étape de nettoyage de prétraitement comprenant l’élimination physique directe ou indirecte d’au moins une partie
des poussières ou des cendres volantes sur le convertisseur catalytique.

13. Procédé selon la revendication 12, dans lequel ladite étape de nettoyage de prétraitement comprend la pulvérisation
du convertisseur catalytique avec un fluide, l’élimination des poussières ou des cendres volantes du convertisseur
catalytique, la soumission du convertisseur catalytique à un traitement par ultrasons, la soumission du convertisseur
catalytique à une technique de sablage, ou des combinaisons de celles-ci.

14. Procédé selon l’une quelconque des revendications précédentes, dans lequel le convertisseur catalytique comprend
un catalyseur DéNOx, tel qu’un catalyseur SCR.
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