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ABSTRACT

[0038] An in-situ method for regenerating a deactivated catalyst removes a
calcium sulfate layer masking active catalyst sites. A reducing agent converts the
calcmm sulfate to calcium oxide, which |s then removed, by reintrainment into the flue
gas steam using soot blowers or sonic horns. The method is partlcularly useful for
regeneratlng selective catalytic reduction (SCR) catalysts used to remove nltrogen
oxides from flue gas produced by combustion of coal from the Powder Rlver Basin. The

method can be pract|ced using eX|st|ng SCR system hardware ‘and without removmg

the SCR system from service.
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1.
[0001] IN-SITU REGENERATION OF A CATALYST MASKED
[0002] BY CALCIUM SULFATE
[0003]  Field and Background of the Invention
- [0004] The present invention relates generally to meﬁhOds of cleaning exhaust

gas, and in particular to a new and useful method for'regenerating a catalyst used to
remove nitrogen oxides from exhaust gas produced by the buming of coal. |

'[0005‘] | Selective catalytic reduction (SCR) technology is used worldwide to
control NOx emissions from combustion sources at higher temperatures (550 - 750
~degrees F). High teniperature SCR;technoldgy has beeﬁ used in Japan for NOx control
from utility boilers since the late 1970's, in Ger'many'since the late 1980's, and in the US

since the late 1990's. The function of the SCR system is to react NOx with ammonia

(NH3) and oxygen in the presence of a catalyst to form molecular nitrogen and water.

: [0006] As shown in FIG. 1, SCR systéms are located in a stream of flowing flue
gas 15. Ammonia is injected into the hot flue gas upstream of the selective catalytic
reduction reactor 20 by an ammonia injection system 10, such as an ammonia injection

- grid. Known systems for injecting ammonia upstream of an SCR catalyst are described
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in U.S. patents 5,380,499, 5,437,851 and 6,887,435, all assigned to The Babcock &
Wilcox Company at issue.
The flue gas, with the ammonia, passes across the surface of the

SCR catalyst 30, which is arranged in several layers within reactor 20. Industrial scale
selective catalytic réduction reactors have been designed to operate principally in the
temperature range of 500 degrees F to 900 degrees F, but most often in the range of
550 de_grees F to 750 degrees F. -Ash entrained in the flue gas may deposit on cétalyst
- 30, and reactor 20 may include catalyst cleaning devices 30, such as sootblowers

and/or sonic horns.

{0007} Additional details of the characteristics of SCR systems are available in
Chapter 34 of Steam/lts Generation and Use, 41st Edition, The Babcock & Wilcox

Compény, Barberton, Ohio, U.S.A., © 2005.

[0008] | Catalysts 30 are typically modestly noble metals su‘ch as ‘vanadium,
titanium, molybdenum and tungsten and a variety of their oxides. These catalysts are

generally preferréd b‘eca_us'e they exhibit good resistance to sulfur poisoning.

[0009] Chemical poisoning of SCR catalysts occurs in all types of coal
combustion flue gases. SCR -catalysts are chemically deactivated by catalyst poisons,
which are contained in the coal combustion flue gases or fly ash in the form of heavy
metals such as mercury, aréenic, thallium," etc. This "chemical poisoning” results from
the reaction of SCR active components such as W, V, and Mo, with, for example,
~ oxides of the heavy metals compounds and/or phosphate Reversing chemical
| poisdning and régenerating SCR catalyst typically requires complicated, m'ult‘i-step
procedures. For example, U.S. Patent 6,596,661 describes a 4-step procedure to
regeneraté a“chemic'_al-ly poisoned catalyst. This procéduré involves iaking the SCR off-
‘ Iine' (by means of a by-pass) and contacting the catalyst with 1) a reducing agent'and 2)
washing the ‘catalyst with a polyfunctional complex forming ag'ent‘ Sucﬁh as
‘ hydracarboxylic acid. Steps 1 and 2 eliminate the chemical bonds between poisons and
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the SCR active cOmponents, and redistribute the remaining active compo‘nents. In step
3, the'catalyst is contacted with a solution or a suspension of active components (such
as V, W, ...) in the polyfunctional agent solutidn in order to restore the original activity of
~ the SCR catalyst. In the final step (step 4) the catalyst is dried by air at about 160
degrees F. This regeneration process is complicated, time-consuming and requires the
SCR to be taken off-line.

[0010] Fuel cost issues, as well as strict SO2 and SO3 emissions limits, have

resulted in a significant increase. in the number of US utilities burning Iow sulfur coal
from the Powder River Basin (PRB) of Wyoming and Montana Many utilities burning
PRB coal are now confronted with the necessity of mstalllng SCR units to meet strict

NOyx emission limits. There are a number of uncertainties regarding SCR activity
performance in PRB coal combustion - systems. . Unexpected and accelerated

deactivation of SCR catalysts exposed to PRB coal combustion flue gas has been

observed.

[0011] Rigby et al., of Siemens KPW, ih their paper "SCR ‘Catalyst Design Issues
and Ope"rating Exp‘eriencé: Coals withf' High Arsenic Concentrations and Coal from the
Powder River Basin" (in the Proceedings of 2000 International Joint Power Generation
Conference, Miami Beach, FL, July 23-26, 2000, IPJGC2000-15067) have provided a
comprehensive review of the' influential parameters in PRB coal combustion that can

- lead to an accelerated deactivatiOn of SCR catalyst.
The authors concluded that

the main deactivation mechanism for SCR catalysts exposed to PRB coal combustion

flue gases is most likely the formation of a dense, calcium sulfate (CaS0y4) Iayér on th_e

surface of the catalyst. This layer blocks the entrance of the flue gas to the pores of the
catalyst, thus masking the active sites of the catalyst. The authors also concluded that

the presence of large amounts of free calcuum oxide (CaO) is the essentlal factor in the
CaS04 formation mechanism.  FIG. 2 is a schematic .dlagram from the paper

illustrating the calcium sulfate masking of an SCR catalyst.
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[0012] The Rigby et al. authors proposed the following mechanism for the

formation of a calcium sulfate surface coating on SCR catalysts in PRB applications:

(1) Free CaO (in fly ash) is deposited onto catalyst surface
- (2) SO2 (in exhaustgas) —> SO3 (on catalyst surface)

(3).Fr'e,e CaO (on catalyst surface) + SO3 () = CaSO04 (calcium suifate coating)

[0013] It is apparent that an economical and easy to implement method of
- reactivating a catalyst deactivated due to masking by a calcium sulfate Iayer would be

~ welcomed by industry.

[0014] Summary of the Invention

[0015] The present invention is drawn to a novel, in-situ method to periodi'cally\

regenerate a selective catalytic reduction catalyst deactivated as the result of masking
by a layer of calcium sulfate (CaSO4). This is in contrast with methods to regenefate

selective catalytic reductioh catalysts that are de-activated as the result of chemical
poisoning. ' '

[0016]  Briefly, in the present method, 'the calcium sulfate layer on a catalyst within a
selective catalytic reduction reactor is 'converted to calcium oxide (CaO) by contact with
a reducing agent. The calcium oxide is then easily 'remo,ved from the catalyst, by
reentrainment into the flue gas with assistance from the catalyst cleaning devices that
- may already be installed in an SCR reactor. - '

[0017] The présent Invention can be used as frequently as necessary, and is easy to
implement. Advantageously, since the invention can be practiced using existing SCR

hardware, little or no additional SCR hardware needs to be installed.

[0018] Moreover, the present invention is advantageously' very inexpensive to
implement. The cost is estimated to be minimal, and consists of the cost of the



CA 02659803 2009-03-24

.5.

reducing agent, which is used intermittently, and only in parts per million levels. A

variety of reducing agents may be used to eliminate the CaSO4 blocking layer with this
method. '

[0019] Only a small concentration of reducing agent and a very short contact time is
advantageously required to regenerate the SCR catalyst back to its original fresh state.
The implementation of the present invention will not interfere with the normal operation

of industrial scale selective catalytic reduction reactors.

[0020] Accordingly, one aspect/object of the invention is drawn to a method of

removing a calcium sulfate layer formed on a catalyst by contacting the calcium sulfate

layer with a reducing agent to convert the calcium sulfate (CaSO4) to calcium oxide

(Ca0), and then removing the calcium oxide.

' [0021] Another aspect of the invention is drawn to a method for regenerating the
selective catalytic reduction catalyst of a selective catalytic reduction system fdr‘
removing nitrogen oxides (NOy) from the exhaust gas of a coal-fired boiler. The method
,includes,'contacting a'calcium sulfate (CaSO,) layer formed on the catalyst with a
reducing agent for a time and in an amount sufficient to convert the calcium sulfate

(CaSO4)_to calcium oxide (Ca0), and then removing the calcium oxide.

[0022] Yet another aspect of the invention is drawn to an in-situ method fo'r
regenerating the selective cétalytic reduction Cataiyst within the selective catalytic
reduction reactor of a system for removing nitrogen oxides (NOy) from the exhaust gas
~of a coal-fired boiler. The Systerh for removing NOy includes an am\monia injection
system located upstream of the selective catalytic reduction catalyst. The catalyst
.‘within the reactor is Contacted with a gaseous redubing agent supplied through the
ammonia injection system for a time and in an amount sufficient to convert a calcium
sulfate (CaSO,) layer formed on the catalyst to calcium oxide (Ca0). The calcium oxide
is subsequently reentrained into the flue gas flow with assistance from removal means

such as sootblowers and/or sonic horns.
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[0023] The various features of novelty which characterize the invention are pointed
out with particularity in the claims annexed to and forming part of this disclosure. Fora
better understanding of the present invention, and the operating advantages attained by
its use, reference is made to the aceompanying drawings and descriptive matter,
forming a part of this disCIosure, in-which a preferred embodiment of the invention is

~illustrated.

[0024] Brief Description of the Drawihgs

[0025] In the accomp_anying drawings, forming a part of this specification, and in
which reference numerals shown in the drawings designate like or corresponding parts
throughout the same:

[0026] Fig. 1 is a side sectional schematic view of a known SCR system;
' ' _.‘[_0027] ' Fig.- 2 is a diagram illustrating a proposed mechanism for deactivation- of an
SCR catalyst exposed to exhaust gas from the combustion of coal from the Powder
River Basin; and

[0028] Fig. 3 is a' graph ef chemical thermodynamic data for a particular redueing |

agent suitable for use in the present invention.

[0029] Description of the Preferred Embodiments
[0030} The; subjectinvention IS a method for regenerating a deactivated selective .
catalytic reduction (SCR) catalyst through chemical removal of CaSO4 deposits. ,The

hard-shell CaSO4 deposit is contacted with a reducing agent, and is thereby converted

to a porous and non-sticky CaO powder. The CaO powder is then removed from the
- surface of the SCR catalySt and subsequently reentrained into the flue gas stream
utilizing removal means such as but not limited to soot blowers and sonic homs.:
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[0031] A number of reducing agents such as methane (CHy4), hydrogen (H>), carbon
monoxide (CO), and hydrocarbons can be used In the method of the subject invention.

Straight chain aliphatic hydrocarbons present a cost-effective class of suitable

~ reactants. Methane (CHg), for example, is a'good reducing agent. Conversion of

CaS04 to CaO by CHj can proceed according to the following reactions:

CaS04 +CH4 +1.502 — Ca0 +S02 + CO2 +2H20 (1)

CaSO4 +CHg + 2 Oy —= CaO + SO3+ CO2 +2H20 (2)

[0032] As shown in Fig. 3, both reactions 1 and 2 are thermodynamically favored at

SCR reaction temperatures (greater than 550 degrees F). Both reactions are

exothermic (negative heat of reaction, AHr). Furthermore, the reaction Gibbs free

energy change (AGr) IS also negative, and AGr is more favorable at high reaction
temperatures. These thermodynamic data indicate the above reduction reactions will

go to completion at SCR reaction temperatures resulting in the complete removal of the

hard CaS04 deposits.

[0033]- A gaseous-phase reducing agentean be uniformly distributed in the flue gas
UpStream of the SCR catalyst using the existing ammonia injection system, such as an
Ammonia Injection Grid (AIG) or other means of injection and dist.ribution'. A few parts
per million to several thousand parts per million of reducing agent can preferably be
used depending on the extent .of deactivation of the SCR catalyst, the exact '
concentration being chosen at a concentration below the lower explosion limit (LEL) for
the chosen reducmg agent The reducing agent contact time can also vary from a few

minutes to a few hours. A normal soot blowing process can then be employed to clean

- the CaO from the catalyst surfaces.

[0034] The method of the present invention is easy to implement, and can be carried
out as frequently as necessary. The regeneration can advantageously be carried out

with the SCR still in service, or by sending hot air through SCR.
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[0035] As an alternative to gaseous-phase reducing agents, liquid-phase reducing
agents may used in the method of the subject invention, but may require installation of

additional hardware for their uniform distribution.

[0036] In an alternative embodiment removal means may include or be entirely

comprised of washing the surface of the catalyst with dilute solutions of a weak acid,

wherein the weak acid removes CaO particles.

- [0037]  While specific embodiments and/or details of the invention have been shown
' and described above to illustrate the applicatibn of the principles of the invention, it is
understood that this invention may be embodied as more fully described in the claims,
or as otherwise known by those skilled in the 'art (in_cludihg any and all eduivalents),
without depa-rting from such principles. For example, this regeneration process is also

applicable to bituminous coal combustion processes.
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CLAIMS:

1. A method for the regeneration of a selective catalytic reduction catalyst in an
iIndustrial scale selective catalytic reduction reactor by removing a calcium sulfate layer
located on the selective catalytic reduction catalyst, the method comprising:

(1) providing a selective catalytic reduction catalyst having deposited thereon

a calcium sulfate layer;

(1) contacting the calcium sulfate layer located on the selective reduction
catalyst with a reducing agent to convert the calcium sulfate layer to acalcium

oxide layer; and
(i)  removing the calcium oxide layer from the selective catalytic reduction

catalyst,

wherein the selective catalytic reduction catalyst is located in a selective catalytic

reduction system for removing nitrogen oxides that is in operation during the method.

2. The method of claim 1, wherein the calcium sulfate layer is contacted with the

reducing agent at a temperature greater than about 550° F.

3. The method of claim 1, wherein the calcium oxide layer is removed by a

calcium oxide removal means.

4. The method of claim 1, wherein the calcium oxide layer on the selective

catalytic reduction catalyst is removed by washing with a dilute solution of a weak acid.

5. The method of claim 1, wherein the reducing agent is a gas.

6. The method of claim 1, wherein the reducing agent is a straight chain aliphatic

hydrocarbon.

7. The method of claim 1, wherein the reducing agent is selected from methane,

hydrogen and carbon monoxide.
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8. The method of claim 1, wherein the calcium sulfate layer is contacted with the

reducing agent using hot air as a carrier for the reducing agent.

9. The method of claim 1, wherein the reducing agent is a liquid.

10. The method of claim 1, wherein the selective catalytic reduction catalyst is a

noble metal catalyst.

11. The method of claim 1, wherein the selective catalytic reduction catalyst is

selected from vanadium, titanium, molybdenum, tungsten and oxides thereof.

12. A method for regenerating a selective catalytic reduction catalyst in an
industrial scale selective catalytic reduction reactor of a selective catalytic reduction
system for removing nitrogen oxides from the exhaust gas of a coal-fired boiler, the
method comprising:

(i) providing a selective catalytic reduction catalyst having deposited thereon a

calcium sulfate layer;

(i) contacting the calcium sulfate layer located on the selective catalytic

reduction catalyst with a reducing agent for a time and in an amount sufficient to

convert the calcium sulfate to calcium oxide ; and

(iii) removing the calcium oxide layer from the selective catalytic reduction

catalyst,
wherein the selective catalytic reduction catalyst is located in a selective catalytic

reduction system for removing nitrogen oxides for a coal-fired boiler that is in operation

during the method.

13. The method of claim 12, wherein the calcium sulfate layer is contacted with

the reducing agent at a temperature greater than about 550° F.



CA 02659803 2015-09-23

11

14. The method of claim 12, wherein the selective catalytic reduction system has

an ammonia Injection system located upstream of the selective catalytic reduction

catalyst, and the reducing agent is introduced through the ammonia injection system.

15. The method of claim 12, wherein the calcium oxide layer is removed by one

of soot blowers and sonic horns.

16. The method of claim 12, wherein the calcium oxide layer is removed by

washing with a dilute solution of a weak acid.

17. The method of claim 12, wherein the reducing agent is a straight chain

aliphatic hydrocarbon.

18. The method of claim 12, wherein the reducing agent is selected from

methane, hydrogen and carbon monoxide.

19. The method of claim 12, wherein the selective catalytic reduction catalyst is

contacted with the reducing agent using hot air as a carrier for the reducing agent.

20. The method of claim 12, wherein the exhaust gas is produced by the

combustion of a low sulfur coal.

21. The method of claim 12, wherein the selective catalytic reduction system is

in simultaneous operation to remove nitrogen oxides during the method.

22. An method for regenerating in-situ a selective catalytic reduction catalyst

within a selective catalytic reduction reactor of a system for removing nitrogen oxides
from an exhaust gas of a coal-fired boiler, the method comprising:

(i) providing an in-situ selective catalytic reduction catalyst having deposited

thereon a calcium sulfate layer;
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(1f) contacting the calcium sulfate layer located on the selective catalytic reduction

catalyst within the reactor with a gaseous reducing agent supplied through an ammonia
Injection system for a time and in an amount sufficient to convert the calcium sulfate
layer to a calcium oxide layer; and

(1)) removing the calcium oxide layer from the in-situ selective catalytic reduction
catalyst using one of sootblowers and sonic horns
wherein the selective catalytic reduction catalyst is located in a selective catalytic
reduction system for removing nitrogen oxides for a coal-fired boiler that is in operation
during the method and is therefore an in-situ regeneration of a selective catalytic

reduction catalyst.

23. The method of claim 22, wherein the calcium sulfate layer is contacted with

the reducing agent at a temperature greater than about 550° F.
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CaSO+CH +1.50,=>Ca0+S0,#+CO+2H,0 (1)

CaSO+CH#20;=>Ca0+80,+CO,#2H,0  (2)
AHr, reaction 1
AHr, reaction 2
AGr, reactioni
AGr, reaction 2
100 200 300 400 500 - 800

700
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