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METHOD OF REGENERATION OF SCR CATALYST
POISONED BY PHOSPHOROUS COMPONENTS IN FLUE GAS
CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] - This application claims the benefit of U.S. provisional patent application

61/068,966, filed March 11, 2008, herein incorporated by reference.
FIELD OF THE INVENTION

[0002] The present invention relates to a method of regeneration of any type of
selective catalytic reduction (SCR) catalyst, more particularly to a method of regeneration of
SCR catalyst poisoned, such that it is deactivated, by phosphorous components in flue gas.

BACKGROUND OF THE INVENTION

[0003] High temperature thermal processes, for example, the generation of steam
for the production of electricity in power plants utilizing fossil fuels, often create
environmentally harmful by-products. These compounds, specifically nitrous oxides (NOx),
have to be removed from the flue gases of the high temperature thermal processes before
being discharged to the environment, for example before exiting a power plant and.
éontacting the environment. The standard for rembving NOx from flue gases is the selective
catalytic reduction (SCR) process, Where a reduéing reagent, typically ammonia, is injected,
mixed into the flue gas, and sent through a catalytic reaction chamber where the catalyst
facilitates the reduction of NOx with the reducing agent to form elemental nitrogen and
water. The catalyst, often referred to as a DeNOx catalyst, aids these reactions and is
typically constructed of titanium dioxide containing the oxides of transition metals such as,
for example, vanadium, molybdenum, and tungsten to act as catalytically active
componenfs. The catalyst is arrangec:i on plates, in a honeycomb fashion or as a corrugated

structure and placed parallel to the direction of flue gas flow. However, during operation,
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the catalyst undergoes a loss of activity and efficiency as a result of plugging with ash and
deactivation of the active components from certain compounds contained in flue gas which
are poisonous to the catalyst.

[0004] There is also a trend in the industry to find altematiye fuel sources to
fossil fuels. One such example is thé use of bio-based fuels such as bio-residues and
biomass which refer to living and recently dead biological material that can be used as fuel
or for industrial production. . Production of biomass as an alternative fuel -source is a
growing industry. Such materials may include plant matter or animal matter and
biodggradable wastes that can be burnt as fuel and typically exclude organic material which
has been transformed by geological processes into substances such as coal or petroleum.

[0005] However, the use of bio-based fuels such as biomass and bone meal used
alone or in combination with fossil fuel present new challenges for catalyst regeneration. In
addition to many of the flue gas constituents poisonous to the catalyst that typically affect
the activity of a catalyst used in thermal process flue gas cleaning such as a pc;wef plant
burning traditional fossil fuels, there are other cc;mpounds pbisonous to the catalyst that
present greater challenges for SCR catalyst regeneration. For éxample, the regeneration of
phosphorous poiso'ned catalysts due to the deactivation of the catalysts presents a challenge.

[0006] According to an article entitled, “Deactivation Mechanisms of SCR
Cataiysts During the Co-Combustion of Bio-Residues” of J. Beck, S. Unterberger, K. Hein,
the substitution of fossil fuels by bio-residues such as sewage sludge, waste wood or meat
and bone meal is discussed as being of increasiﬁg ihterest for reduction of carbon dioxide
(COy) emissions. According to the article, during the co-combustion of these fuel mixes in
existing coal-fired power plants, an increased deactivation of SCR-DeNOx catalysts is

observed. The same effect can be observed when certain fossil fuels are burned or when
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other flue gases exposing a similar composition are treated by the SCR process. Analyses of
deactivated catalyst samples indicate that the high concentration of phosphorus and sodium
compounds as constituents of bio-residues has a significant influence on the deactivation
rate of the catalyst. The article states that to determine the effect of these compounds, lab-
scale experiments were carried out using doped synthetic flue gas, and in bench scale tests
the behavior of phosphorus was investigated during the combustion of coal and phosphorus
rich secondary fuel. Analyses of sub-bituminous Powder River Basin (PRB) coal also
indicate the presence of organiéally bound alkali and phosphorus species. Recent
operational experiences showed that in case of meat and bone meal (MBM) co-combustion
in German utility boilers a share of 4 wt-% MBM leads already to a severe deactivation of
the installed SCR-catalyst. Phosphorus and alkali compounds in the fuel were considered as
primary deactivating elements.

[0007] 1In Table A, a typical elemental breakdown and the concentration
percentages of many alternative bio-based fuels used in power plants are shown. For
example, Table A sets forth sources that include wood, corn, sewage sludge, and meat and

- bone meal (MBM). As shown in Table A, phosphorous represents a high concentration in
such fuels and accounts for a largé percentage of what needs to be removed from the
catalyst by regeneration of the SCR catalyst.

[0008] Table A"

Element Ash Wood .Corn Sewage Bone Meal
Analysis Sludge MBM
(Concen- (Concen-
tration %) | tration %) | (Concen- (Concen-

tration %) | tration %)

Silicon SiO; 20-70 05-5 5.6-25.7 -
(Si)
Aluminum AlLOs 5-10 0.1-1 1.1-8.5 -
(A
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Calcium - CaO : 2-30 0.1-1 1.4-429 -

(Ca)

Sodium NaO 1-10 0.1-2 0.1-0.8 4.7
(Na)

Potassium K,O 2-15 10-30 03-1.6 15-4
X)

Phosphorous | P,Os 1-5 10 - 60 12-44 25-40
P

[0009]  Includes pallet grindings, wood chips, mill residue, and clean wood
waste

[0010] Thus, there is a need for a method for the regeneration of SCR catalyst
that is particularly deactivated from phosphorous components in the flue gases from thermal
pro;:esses such as power plants, especially in case of co-firing biomass instead of only coal.

SUMMARY OF THE INVENi‘ION

[0011] The present invention is for a method of regeneration of SCR catalyst
used for the cleaning of flue gases from thermal processes such as power plants burning
fossil fuels, bio-based fuels, or a combination thereof, wherein the catalyst is poisoned by
phosphorous components contained in the flue gases and the catalyét is treated using a base,
preferably an alkali metal hydroxide. |

[0012] Further areas of applicability of the p;esent invention v;'ill become
apparent from the detailed description provided hereinafter. It should be understood that the
detailed description and specific examples, while indicating the preferred embodiment of the
invention, are intended for purposes of illustration only and are not intended to limit the
scope of the invention.

DETAILED DESCRIPTION OF THE INVENTION
[0013]  The following detailed description of the invention is merely exemplary

in nature and is in no way intended to limit the invention, its application, or uses.
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[0014] An advantage of the method of the present invention is that the NOx
removal (DeNOx) performance of a catalyst can be regained with the method of the present
invention to a level that can approximate or achieve the activity of a new catalyst. In the
method of the present invention of selective catalytic reduction (SCR) catalyst cleaning and
regeneration, elimination of catalyst poisoning compounds occurs and is combined with a
re-impregnation of active components onto the catalyst to regain maximum catalytic
performance. The method of the present invention is particularly'suitable for the removal of
phosphorus, which poisoned the catalyst, from said SCR catalyst in order the regain the lost
activity of the catalyst. The term “phosphorous-pois?ned catalyst,” as used herein, refers to
a catalyst comprising about 0.3 weight percent (%) or more of phosphorous measured as
phosphorous pentoxide (P>Os), wherein the weight percent is based upon the total weight of
a portion of the catalyst used for analysis which is representative of the catalyst.

[0015] The method of the present invention comprises femoving a phosphorous-
poisoned catalyst from a power plant facility. The power plant facility may burn fuel that
includes, but is not limited to, fossil-fuel, bio-t;ased fuel, or a combination thereof. The
catalyst is analyzed, for e;(ample, by composition and for contaminant type and level. The
catalyst may be of any shape or size including, but not limited to, honeycomb shaped, plate-
type, and corrugated-type. Power plant facilities utilize varying sources of fuel with
differing qualities and origins, all of which alters the extent of contamination. Power plant
facilities that burn bio-based fuels typically have a higher level of phosphorous
contamination on 'the catalyst as opposed to other catalyst poisons.

[0016]  In the method of the present invention, the catalyst is dry pre-cleaned. A
dry pre-cleaning is typically conducted without water by physical means to remove physical

contaminants such as dust and fly ash before the catalyst is chemically cleaned or washed
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and reactivated. Physical means include, but are not limited to, vacuum, brush, shaking,
scraping, and disassembling t.he catalyst casings, for example to separate trapped fly ash.
Disassembling the catalyst casings relates to a particular type of catalyst comprised of
multiple boxes. For this type of catalyst, the boxes are typically removed from the casing’s
frame in order to be dry pre-cleaned. A cataiyst that is laden with dust and fly ash éreates a
physical hindrance to the reactions that are to take place to clean the flue gas. The fly ash is
typically cleared by compressed air, industrial vacuum cleaners,. or simple gravity.

[0017] After dfy pre-cleaning, the catalyst is optionally wet pre-washed. Wet
pre-washing refers to washing of the catalyst by a hose or pressure washer, for example. The
water used for pre-wet washing includes, but is not limited to, recycled water, city water,
process water, well water, and deionized water. Salt layers can also form a barrier in
addition to fly ash, and salts are typically removed by wet pre-washing.

[0018] Afier dry pre-cleaning, wef pre-washing, or a combination. thereof, the
catalyst is chemically cleaned. The chemical cleaning of the catalyst typically occurs by
immersing the catalyst in a soaking bath and optionally an ultrasonic treatment.

[0019] The catalyst is placed in a soaking bath for soaking and washing of the
catalyst or a combination thereof. The soaking bath is typically housed in a tank with
optionaily air being blown through the catalyst during soaking. The soaking bath comprises
an aqueous solution of inorganic bases, inorganic acids, or a combination thereof.
Elimination of catalyst poisoning contaminants is achieved by a moderately strong base or
moderately strong acid. The aqueous solution comprises water of the type thch includes,
but is not limitéd to, recycled water, city water, process water, well water, and deionized
water. The soaking bath may optionally comprise other chemical additives including, but

not limited to, surface active substances. The time period for the soaking bath is at least
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thirty minutes. Preferably, thé time period for the soaking bath is from about 3 to 6 hours
althqugh there is no limit on the méximum time period for the soaking bath in accordance
with the present invention. During the soaking bath, chemicals and water may be added to
r;pl‘ace any water, for example, that is removed and sent, for example, to a wastewater
system.

[0020)  After the soaking bath, the catalyst is optionally placed or submerged into
a tank where it is subjected tb an ultrasonic treatment. Thze ultrasonic treatment tank
comprises water and a base, acid, or combination thereof. One or more catalysts can be
treated at thé same time. Ultrasonic transducers are placed around the catalyst, fbr example
on top of the catalyst and another on the bottom of the catalyst. Each of the catalysts is
ultrasonically treated simultaneously, for example from the top and the bottom for a period
of time such as, for example 30 to 45 minutes although longer or shorter periods of time are
in accordance with the method of the present invention. The treatment solution may be
circulated and/or repla‘ced during the course of treatment.

[0021] According to the method of the present invention, in eithér the soaking
bath, the ultrasonic treatment, or a combination of both the soaking bath and the ultrasonic
treatment, the bath or treatment solution preferably comprises an inorganic base for
elimination of the contaminants including phosphorous. Alkaline reacting salts, such as
carbonates, can also be used depending on availability and expense. According to the
method of the present invention, for phosphorous removal, the bath or treatment solution
comprises an inorganic base(s) that is selected from the group of alkali metal hydroxides.
Preferred alkali metal hydroxides include, but are not limited to, sodium hydroxide (NaOH)
and potassium hydroxide (KOH). In accordance with the method of the present inventioh,

the alkali metal hydroxides have a pH in the range of above 8.5, preferably about 10 to
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about 14, more preferably from about 12 to about 13. Alkali metal hydroxide is preferably
present in a concentration range of from about 0.1 weight % to about 4 weight % based
upon the weight of the bath or solution. The soaking bath or ultrasonic treatment solution
has a temperature up to about 176 °F (80 °C), more preferably in the range of from about 60
°F (15.5 °C) to about 140 °F (60 °C), most preferably in the range of from about 120 °F
(48.8 °C) to about 130 °F (54.4 °C).

[0022] Following the soaking bath and/or ultrasonic treatment in a basic
solution, the method of the pres:nt invention comprises treating the catalyst in an acidic
solution referred to aé neutralization. Among the purposes of the acid treatment is to
remove excess base or alkali solution and activate the reaction centers of the catalyst. The
acids to be used may bé organic or inorganic. After neutralization, the catalyst is
subsequently rinsed and dried.

.[0023] After the catalyst is rinsed and dried, the catalyst is analyzed to determine
the concentration of active components such as any tfansitiohal metallic oxides that are
comprised in the activ¢ sites on the catalyst. A significant loss of active components
necessitafes the re-impregnation of the catalyst by treating the éatalyst in an aqueous
solution comprising water and inorganic and organic substances With various concentrations
of metal compounds. The catalyst is subsequently dried to prepare the catalyst for service.

.[0024] Alkali metal hydroxides as opposed to alkaline earth metal hydroxides

- are used in accordance with the method of the present invention for the removal of
phosphorous. For example, the use of alkali metal hydroxides as 6pposed to alkaline earth
metal hydroxides dramatically increases the concentration of phosphorous in the solutioﬁ
thereby improving the regeneration of the catalyst. Another advantage of alkali metal

hydroxides as opposed to alkaline earth.metal hydroxides for phosphorous removal is that
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alkali metal hydroxides are easier to remove during vafious stages of regeneration as
compared to alkaline earfh metal hydroxides. ’
| [0025] The present invention may be better understood by reference to the

following non-limiting examples, set forth below.

[0026] EXAMPLE 1|

[0027] In this example, 15 grams of a SCR catalyst were obtained and
submerged for thirty (30) minutes in 100 mL of each of the solution set forth in Tables 1 and'
2. The pH of each solution was measured using a pH meter. The temperature of each
solution was measured using a mercury filled glass thermometer. The concentration of
phosphate in solution was measured in ppm for each solution.

[0028] Table 1

| Solution pH Phosphate Temperature
concentration in
solution (ppm)
H,O 6.3 30 Room Temp.
H,O 6.3 30 Room Temp.
Ca(OH), 4.5 40 Room Temp.
Ca(OH), 8.5 30 Room Temp.
Ca(OH), 8.5 30 Room Temp.
Ca(OH), 10.5 40 Room Temp.
Ca(OH), 10.5 30 Room Temp.
Ca(OH), 11.8 40 Room Temp.
Ca(OH), 11.75 40 Room Temp.
Ca(OH), 11.8 50 : 125 °F
NaOH 8.5 50 Room Temp.
NaOH 8.5 60 Room Temp.
NaOH 12.1 100 | Room Temp.
NaOH 12.1 120 Room Temp.
NaOH 12.1 220 125 °F
NaOH 12.1 350 175 °F
NaOH 12.9 250 Room Temp.
NaOH 129 400 125 °F
NaOH 12.9 500 175 °F
NaOH 13.9 250 Room Temp.
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NaOH 139 400 125 °F
NaOH 139 550 175 °F
H,S0, 2.0 70 Room Temp.
H,S0, 2.0 80 Ro'om Temp.
NH,OH 10.85 50 Room Temp.
NH,OH 10.85 40 Room Temp.

[0029] Table 2

Solution pH Phosphate Temperature
concentration in
solution (ppm)
H,O 2.5 30 140 °F
Ca(OH), - 34 30 140 °F
Ca(OH), 3.5 30 Room Temp.
Ca(OH), 4.4 30 Room Temp.
Ca(OH), 4.5 30 140 °F
NaOH 3.5 30 Room Temp.
NaOH 3.5 30 140 °F
NaOH 4.4 30 140 °F
NaOH 4.5 30 Room Temp.

[0030] The following observations with respect to the phosphorous removal rate
were made based upon measurements of the phosphate(in solution. It was observed from
the data in Table 1 the NaOH removed more phosphorous from the catalyst than the CaOHz-.
It was also observed from the data in Table 1 that the phosphorous removal rate wfth NaOH
did not increase to the same extent with a pH at or belm;v 8.5 as it did at a pH higher than
8.5. It was also observed from the data in Table 1 that even greater phosphorous removal
rates with NaOH were obtained at temperatures higher than room temperature. It was also
observed from Table 2 that a low pH had no effect on phosphorous removal as it can be seen
that the phosphorous removal rate of an alkali solution with a pH of less than 5 and/or an
earth alkali solution was no greater than the phosphorous removal rate of water alone.

[0031] EXAMPLE 2

10
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[0032] An XRF analysis of an SCR catalyst from a power plant was performed
pursuant to VGB-R 302 H e, 2™ eaition (English equivalent is EPRI’s Protocol for
Laboratory Testing of SCR Catalyst Samples: 2™ edition (EPRI 1014256). It was /observed :
from the data resulting from the XRF analysis set forth in Table 3 that arsenic was not the
reason for the reduction éf the catalyst’s activity and, therefore, nofc the basis for
regeneration of the catalyst. In Table 3 below, the same catalyst was tested each time. The
upper part of Table 3 indicates the activity of the catalyst. The new catalyst had an activity
of 42.7 meter/hour, which over tim_e was reduced by almost 50%. The catalyst’s activity
and SO,/SO; éonversion rate was determined with bench scale testing and analysis
pe;formed pursuant to VGB-R 302 H e, 2™ edition. It was observed from the data in Table
3 that the deactivation of the catalyst was a blinding layer (SiO», (;aO, SOs3) and poisoning
with sodium (Na), magnesium (Mg), potassium (K), and most importantly phosphorous (P).
The “small” amount of arsenic (under 0.2 was considered “small”) was considered an
insignificant factor for catalyst deactivation. By removing Ca, Na, K, and Mg from the
catalyst (washing with water), some activity was gained back, but by removing P from the
catalyst, the catalyst was restored to about 85-90% of its original catalytic activity. It was
observed from the data in Table 3 that there was nearly a 66% reduction in phosphorous on
the catalyst with a cleaning of 2% NaOH solutién as #ompared to a cleaning with water only

_ and nearly a 72% reduction in pho§phorous on the catalyst with a cleaning of 2% NaOH as
compared to no cleaning treatment.

[0033] TABLE 3

Power plant Power Plant A |Power Plant A |{Power Plant A

Treatment None Cleaning with | Cleaning with.
water 2% NaOH
solution
Activity of honey-comb shaped 24.03 30.7 37.0
catalyst (meter/hour)

11
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Activity of honey-comb shaped 42.7 42.7 42.7

catalyst — New (meter/hour)
CHEMICAL COMPOSITION OF CATALYST
SiO; (weight %) 11.7 15.6 4.5
AlLO; (weight %) 2.9 2.6 1.1
Fe,O3(weight %) 1.14 1.2 1.1
TiO; (weight %) ' 63.9 4 68.6 833
CaO (weight %) 22 0.97 1.1
MgO (weight %) 0.24 ! 0.18 0.1
BaO (weight %) 0.03 0.03 0.03
Na,O (weight %) - 0.19 0.03 0.12
K>0 (weight %) 0.21 0.06 0.03
SO; (weight %) ' 8.8 1.14 0.32
P,0s (weight %) 0.64 0.53 0.18
V,0s (weight %) 0.47 0.48 0.35
WO; (weight %) . 7.2 8.1 7.4
MoOs (weight %) 0.09 0.1 0.03
Nb (weight %) 0.08 0.09 0.12-
As (weight %) 0.09 . 0.09 0.04

[0034] It will therefore be readily understood by those persons skilled in the art
that the present invention is suitab}e for broad utility and application and not limited to the
utility industry. Many embodiments and adaptations of the present invention other than
those herein described, as well as many variations, modifications and equivalent
arrangements, will be apparent from or reasonably suggested by the present invention and
the foregoing description thereof, without departing from the substance or scope of the
present invention. Accordingly, while the present invention has been described herein in
detail in relation to its preferred embodiment, it is to be understood that this disclosure is
only illustrative and exemplary of the present invention and is made merely for purposes of

providing a full and enabling disclosure of the invention. The foregoing disclosure is not

12
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intended or to be construed to limit the present invention or otherwise to exclude any such

other embodiments, adaptations, variations, modifications and equivalent arrangements.

13
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- What is claimed is:
1. A method of regenerating a phosphorous-poisoned SCR catalyst, the method comprising
treating the phosphorous-poisoned catalyst with an alkali metal hydroxide at a pH above

8.5.

2. The method according to claim 1, wherein the alkali metal hydroxide is sodium

hydroxide, potassium hydroxide, or a combination thereof.
3. A method of regenerating a phosphorous-poisoned SCR catalyst, the method comprising
treating the phosphorous-poisoned catalyst with an alkali metal hydroxide at a pH in a range

of from above about 10 to about 14 and a temperature up to about 176 °F.

4. The method according to claim 3, wherein the alkali metal hydroxide is sodium

hydroxide, potassium hydroxide, or a combination thereof.

5. The method according to claim 3, wherein the phosphorous-poisoned catalyst is treated in

a soaking bath, an ultrasonic treatment solution, or a combination thereof.

6. The method according to claim 5, wherein the bath or solution further comprises a surface

active substance.

7. The method according to claim 3, wherein the catalyst is treated at a temperature in a

range of from about 60 °F to about 140 °F.

14
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8. The method according to claim 7, wherein the catalyst is treated at a temperature ina in a

range of from about 120 °F to about 130 °F.

9. The method according to claim 3, wherein the pH is in the range of from about 12 to

about 13.

10. A method of cleaning a phosphorous-poisoned SCR catalyst, the method comprising
cleahing the phosphorous-poisoned catalyst with an alkali metal hydroxide by immersing
the catalyst in a soaking bath, an ultrasonic treatment solution, or a combination thereof,

wherein the soaking bath or ultrasonic treatment solution has a pH in a range of from about

10 to about 14 and a temperature in the range from about 60 °F to about 140 °F.

11. The method according to claim 10, wherein the alkali metal hydroxide is sodium

hydroxide, potassium hydroxide, or a combination thereof.

12. The method according to claim 10, wherein the temperature of the soaking bath or

treatment solution is in a range of from about 120 °F to about 130 °F.

13. The method according to claim 10, wherein the soaking bath or ultrasonic treatment

further comprises a surface active substance.

14. The method according to claim 10, wherein the concentration of alkali metal hydroxide

is from about 0.1 weight % to about 4 weight %.

15
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