DEVI CE AND METHOD FOR CLEANI NG SELECTI VE CATALYTI C REDUCTI ON

PROTECTI VE DEVI CES BACKGROUND OF THE | NVENTION Fi el d of the Invention
[0001] This invention relates to a device and nethod of cleaning
protective screens used in a Selective Catal ytic Reduction (SCR)
system Description of the Related Art [0002] Sel ective Catal ytic
Reduction (SCR) systems are increasingly being applied to coal-fired
power stations to reduce_ nitrogen .oxid ) sions. SCR systens

comonly include_a_SCR rERICS AN R EE %aglg‘ uci ng_catal yst
that converts NOEHEEJERE GAIALYEIGRERYIPNIRPFEGMVE PEF{E‘G@% on

source into byproducts of nitrogen and water. Many power station
install ations place the SERCEKEROIONDIYSTHRINVEATIONgh dust” | ocation
bet ween the conbustion source and a particle collection system
General ly, these |nstallat|ons have ductwork that directs or diverts
the partic Igases fromthe conmbustion source to the SCR
reactor systemand then to an air preheater.

[0001] This invention relates to a device and method of cleaning

protective screens used in a Selective Catalytic Reduction (SCR) system.

Description of the Related Arxt

[0002] Selective Catalytic Reduction (SCR) systems are increasingly
being applied to coal-fired power stations to reduce nitrogen oxide (NOy) emissions.
SCR systems commonly include a SCR reactor that contains a NOy reducing catalyst
that converts NO,, present in flue gases emitted from a combustion source into by-
products of nitrogen and water. Many power station installations place the SCR
reactor system in a “high dust” location between the combustion source and a particle
collection system. Generally, these installations have ductwork that directs or diverts
the particle-laden flue gases from the combustion source to the SCR reactor system

and then to an air preheater.

[0003] The dust loading ability of these SCR systems, located in such
“high dust” locations, is an important consideration in their design and use. In
particular, the NOy reducing catalyst composition and construction thereof should be
designed to withstand erosion and potential chemical degrading effects of the fly ash
and other particles in the flue gases. Similarly, the ductwork to and from the SCR
reactor system and the associated internal structures within the SCR system should be
designed to withstand this erosive environment. For example, certain aspects of the
ductwork design parameters, such as the duct’s gas velocity, may be closely
monitored to insure proper operation. In particular, undesirable operating results such
as unwanted fly ash drop out should be prevented or minimized by selection of proper

operating design parameters.



[ 0003) The dust | oading ability of these SCR systens, |ocated in such
"high dust” locations, is an inportant consideration in their design
and use. In particular, the NO reducing catal yst conposition and
construction thereof should be designed to withstand erosi on and
potential chem cal degrading effects of the fly ash and ot her
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plug the catal yst cha nels because of the ifrregul shape.of those
particles. “T%U%DSPP% thpsernagiplesy ?gﬁﬁﬁéﬁlrfqu{aégﬁpb@i’?gﬁ% % &°1% odged
in the cat %ﬁg&imqm&m*s@cha%ﬁaﬁrotﬁérﬂ ASpRAsIEd @nﬁ&%ﬁwﬁ% ghags through
t he channel, "t hereby bl ocki ng the cﬁann | . [0006] Thi s bl ockage

decreases tHwendibersby biucking hgcharssl. capability of the system because
once a gas channel is blocked, that reaction channel in the NO
reduci ng catal y[%P?(ﬁeco*T‘Ei% b!d&ﬁi Qb ¥Rs th%%‘ram rERRELA %a&'ﬁ%ﬁ&%é
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surface i nostsasEsausaphet wgaS@amehsh’@cketmﬁlatwﬁme:hmnei imghedSOkeduci ng
cat al yst ca event d w t he SCR
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cl eaned. Fgr SCR ts vvlthbse as b ss capabij | his buil d-up
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with fly ash that the SCR system cannot meet its NO, reduction target. Also, the

resulting increase in catalyst pressure drop will require the system to be cleaned. For
SCR units without a gas bypass capability, this build-up may require the combustion

source to be shut down as well.

[0007] A known practice to mitigate this ash or dust build-up over the NO,
reducing catalyst has been to place one or more mesh screens over the NO reducing
catalyst. The openings in the mesh screens are selected to be slightly smaller than the

diameters of the channels in the NOy reducing catalyst. Thus, large fly ash particles



[ 0007] A known practice to mtigate this ash or dust build-up over the
NO reduci ng catal yst has been to place one or nore nesh screens over
the NO reducing catal yst. The openings in the nmesh screens are
selected to be slightly snaller than the dianeters of the channels in
the NO reducing catalyst. Thus, large fly ash particles are stopped

fromentering the channels in the r.e i ng catal yst. jle this
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catal yst. The accunul ation of fly ash on the screens will also affect

gas distributiomoagd gafouned 6yt hicik BrelcBReINQ draHleisdregs ead al yst. Thi s
inturn will reduce the efficiency of the SCR system_ BRI EF SUMVARY

OF THE | NvERmficatlyonasasotie raeswe drepraciase theibdhedstsim andimatvelsad e a
system f or I : : T. : e ludes a
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devi ces | ocat ed stre 0 he,. SCR reac .wherein..the one or nore
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flue gas fefioieasy @the'§CRRBgstSAR reactor or ot herw se inpeding the flow
of flue gas therethrough. The system al so i ncl udes a mechani cal

rappi ng systemfor inpacting the SCR protective device to dislodge

t herefrom accunul ated | arge particles.

BRIEF SUMMARY OF THE INVENTION

[0009] One aspect of the invention relates to a system for removing
pollutants from a flue gas. The system includes a selective catalytic reduction (SCR)
system that has a SCR reactor containing a NO, reducing catalyst and one or more
SCR protective devices located upstream of the SCR reactor wherein the one or more
SCR protective devices substantially prevent large particles in the flue gas from
entering the SCR reactor or otherwise impeding the flow of flue gas therethrough.
The system also includes a mechanical rapping system for impacting the SCR

protective device to dislodge therefrom accumulated large particles.

[00010] Another aspect of the invention relates to a method of removing
accumulated fly ash from an SCR protective device. The method includes the steps of
connecting a rapping hammer system that has at least one hammer and at least one
rotating shaft to an SCR protective device, rotating the rotating shaft to turn the at

least one hammers, and contacting the at least one hammer to the SCR protective
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[ 00010] Anot her aspect of the invention relates to a nethod of
renmovi ng accumul ated fly ash froman SCR protective device. The

nmet hod i ncludes the steps of connecting a rapping hamer systemthat
has at | east one hammer and at | east one rotating shaft to an SCR
protective device, rotating the rotating shaft to turn the at | east

one harmers .and co tactln t east ope nmmer to .the
prot ect i ve IoVigRaW ’@ @ﬁmﬁi}.ﬂr%@@nﬁﬂgﬁ@@wﬁﬁ%Hf‘fl%lst he SCR

protective , dewe.ge i s renoved. [00011] The details of one or
nore enbodi ments of the invention are set forth in the acconpanying
drawi ngs and the description below. Qher features, objects and

advantages of ¢ Iatle T Pl e B B R S ™

[00012] Fororthe tiiHcReaSmyafs driwiuss drndtthd@estiion MERAL i |©ﬂher fektareer awi ngs
show a formof the inventigon that is presently preferred, However, it

shoul d be obigels sdasiyantpgas of His %Yeég@mvﬂi bRAPRETCBHITS thegessrntiopapd t o t he
precise ar ﬁﬁWﬁfdsfrcﬁﬁ'ﬂE unmentalities shown in the draw ngs,
H I ' . .

wher ei n: shows SCR protective devices placed at
various points in ductwork upstreamof the SCR reactor. FIG 2 shows
a rappi ng hamrer assenbly within a flue gas stream FIG 3 shows a
rappi ng hammer assenbly outside of a flue gas stream

BRIEF DESCRIPTION OF THE DRAWINGS

[00012] For the purposes of illustrating the invention, the drawings show a
form of the invention that is presently preferred. However, it should be understood
that the present invention is not limited to the precise arrangements and

instrumentalities shown in the drawings, wherein:
FIG. 1 shows SCR protective devices placed at various points in

ductwork upstream of the SCR reactor.
FIG. 2 shows a rapping hammer assembly within a flue gas stream.

FIG. 3 shows a rapping hammer assembly outside of a flue gas

stream.
FIG. 4 shows a side view of the rapping hammer assembly.
FIG. 5 shows a side view of a SCR protective device.

Like reference numbers and designations in the various drawings

indicate like elements.



FIG 4 shows a side view of the rapping hanmer assenbly. FIG 5 shows

a side view of a SCR protective device. Li ke reference
nunbers and designations in the various drawi ngs indicate |ike
el ements. DETAI LED DESCRI PTI ON OF THE | NVENTI ON [ 00013] The

term "SCR protective device" as used in the present specification and
clainms refers to any device that prevents appreciable quantities of

| arge fly ash particl @TAIPAD DESICRIPTEONIGF THEANVENTID® e material in
flue gases fromentering the NO reduci ng catal yst channels or

accurul ati ng on r cat, ,» one | e of an SCR
protective devi é@totl@ S@Z’e}%@g{sg{?f&ﬁé feﬁ’aff ?\Sa%se‘g tﬁ?%eg “That are
slightly Sgpéciiﬁfaubx’ﬂﬂm dliimsdéfanms iysderice it phkkAte thirtdidble qlaatidedof

channels. Typically, the SCR protective device is a screen that is

sur r ounded l#ge gy §%ﬁ5tﬁ1¢5r{§w a%ofher large pprtieidata agerial B i sagestiroat
while the SERe e M RARPERAEAL 5 ABRAAGHADLPOAATIR bhig5wOf
fly ash fromentering the cfucmg cat al yst channel s S not
hi nder the srﬁﬂf&mﬁ dPng ¢ranpésoffanGiReprotselivegievive iNOvire thesh mee@ethalhyst :

[ 00015] Now rrln hef re i

cor r espond P A 4 8n) S|Pl Byl Bl By e KD WARIY G
protecti vechhemele eTﬂ;ﬂcnwyﬂhscm proedtivadeviRe iU rden Cladt isossrotpdedibgam of
the SCR reactor,K 22, One enbodi nent described herein relates to the
active renthNERRIIE mul ated fly ash on any SCR protective device 20
pl aced upstream of SCR reactor 22 as well as any SCR protective
device that is moacqd diika6ted }habwhile thBSCRAIrakyBle AL picRtnts | N One
enbodi ment, SCR protective device 20 can be placed in a sloped or
angl ed ori émr%&lal%%qwaﬁtl?l%ﬂ Ativosh frgmeentaring the Q- wending caifyst wbreels. 85,

I'n anot her geubadhiAEHhe wop{hetggé:ﬁbﬁa%n@ﬁ ﬁﬁl\?@ Ifemuigecapd 3%@60' ina
per pendi cul ar orlentatlon in rélation to [ue duct

[ 00016] As shown in FIG one enbodi nent of the invention has a

nmechani cal r applCA818y sNe rzfpnwetpéhq Rggwsp in yibirddike qumgraborRssrond @ i ve
d 20., |
evi ce W@,’Z‘%ﬁ &ﬁeﬁbﬂgr& st %H‘s%%&@@ﬁ% de¥lc 565&5 %E gaé:!é pi gg

hanmer asse a contro unit y

i ncl udes haa'rmas isacslﬁbrtsrmastrearrmfah& SCR echctoo2 ®m¢ ahbaﬂymsmtalfe'scrﬁbﬁd hédaimmer s
30 can be n mat er i .al swt to,conta rotecti

devi ce 20, FEE S I diyd Bk Rrpdoimhfae s o e mR SErr AR #hise i
to: netal, plptedsipbesant SHRER reaCONTT & sl] &ntly STR Mblaetivesdévicaltlagis
synthetic or naturally qQccurring material. The wei %ht and si ze of

hamrers 30P quﬂugg})yov&ég@rpa‘;a}yét material. In one embodiment, SCR protective device
20 can be placed in a sloped or angled orientation in relation to a flue duct wall

(“ductwork”™) 35. In another embodiment, SCR protective device 20 can be placed in

a perpendicular orientation in relation to flue duct wall 35.

[00016] As shown in FIG. 2, one embodiment of the invention has a
mechanical rapping system 24 operatively connected to SCR protective device 20.
Mechanical rapping system 24 generally includes a rapping hammer assembly 26 and
a contrel unit 28. Rapping hammer assembly 26 includes hammers 30 that are
attached to a rotating shaft 32. Hammers 30 can be made of any material suitable to
contact SCR protective device 20. Examples of such materials include, but are not
limited to: metal, plastic, rubber, concrete, and any other suitable synthetic or

naturally occurring material. The weight and stze of hammers 30 will vary depending



on the system the amount of fly ash, and the size of SCR protective
device 20. Hammers 30 can be replaced fromtine to tinme, or as
necessary with hammers that weigh nore or |ess than the typical
hanmers used in the system Additionally, hanmers 30 can be repl aced
wi th hamrers that are larger or smaller than the typical hanmers used

in the syste 00017 rs .30 con S rofectiwe device
20 wi th 5 RRCH SYgem, s G of B RR B i BT S RO G PR it o co 1
cause at | eRsimds POEdn Reslhcddlfondtie tdaie M2ss Agesbatyl witeBarBifcrs Higat SCR
protective device to_ slough off and be renmpved therefrom It is

cont enpl at S@iahHBereRalRRIaN Gy DRifAl dammartusehip honicah AfdiduRrily,

prot ecti ve ngaMefS0%an bk ROIdedd B8th ARAnRHY hAURALAG: SURRIEE h39 et 1
[00018] Rotating shaft 32 is attached to hammers 30. Preferably,
rotating shahmegus¢dintheleystsin.st eel ; however one skilled in the art
wi ||l recognize that other materials, such as plastic, or other
synthetic or na |y 1RGH f i - Lot

rotating shaft. Edﬁbﬁl FDO’?&%@%@%@? ﬁgkﬁ%{?@% §§%‘?%‘6’thé‘|hﬁt§ﬁ%ot at ed
by cont r ol rapping, @&tiiieg mblion af miffigert foromereausdait teastaqottant of SPRsh that

[ devi 20, ' h |y .26 b db
B eloct 11 BB e o BRI AP BB o R Baar oUet AT ABTRS PN ¢ 25,

Al t er nat i v@leyefroh pistgnieaiplmdd tagdamiicys Rbcad@uhtdetbay pogioabedChRy
pneumati c cylinders, or_magnetic inpul se devices, or by any other
power sour BECHYE d5ris 28> BEIUGNeRRmTEF YD SSBPROGHEEAMESCR prot ect i ve
device 20 in a forceful notion to renove accunul ated fly ash.

[00020] Typi cal joye180nRoeking Bt R8s bfachaldeRi@trd 0. 'ABREMY), RAHREY
assenbly 26 via rot atlqu% shaft 32. The notor, or_ other power neans,

act uat es t Hefiriguemede olgfechideirerey oo skilled in the gowihrecegnizsrbatefissdi ment
of the pre - | :.C I i i : - 1 ace
35 suoh as SeHALERks Blluci@ Wiyt SFRabFy Wpf HaBHal ML) OFR.
di spl ay dewdeddortthatotaingshaft.a user to vary the settings of rapper
hanmer assenbly 26. User interface 33 would allow the user to control

several vari abl hnc I t [ea) t . r.e, of
hanmers 30 stri @lﬁ?llgl SCJEQH%Po?SeC#i3\?29&8%\%@%’%&&,]%f Wgﬂ?%ﬁ?&gf&gﬁw mes

t he hanmer susitig hkenelae 03CEbPrG ISER proectilevieeiee RO Ragpechdmmertdssanbly
period, ang/or the continuity of the hamer strikes on. the SCR,

D ot ect o280y BESPorERY Yh Ve eAPHiot PR oG el BB el i0s
each pl ant Altéamived), rpbinghRfeney agsemblyns d&ld'befﬁgﬂa{ddgtpﬂeﬁlﬁﬁid@mﬁi of
at least a portion of any fly ash accunul ated on SCR protective

devi ce 20.or magnetiq iygesp deyigeso b errySthierpav exgpuich thaf yowidrallew hamaifrer s
30 conti nugsl ¥ SLIdemaeRify MRED0VYR A5 s

enbodi nment , harr?‘rersgdig(gps'ﬁf1 e SCR Br o%g%%lé@gnégﬁtége 0 aa?@dmulated

pr edet er mifeasht i mes. I n yet anot her enbodi nent, a sensor or neasuring
device 34, such as a differential pressure transmtter, may be

enpl oyed to det nne [We A I % ggﬁ | at es on
SCR protective [ djec\[/i}oge %?&&Qt%%gggke@tt al n%e]l{ln%%%% Ioo%p Rq ﬁ has &

accunul at esssemblBBRvigrehicg shag 3deThe enoRA, ortvairanpsserdfleans,| dehilaes det | vat ed

and wil | sl}lééeggnttma%m%rg&t ecti ve devi ce.

[00021] In one embodiment of the present invention, control unit 28
includes a user interface 33 such as a desktop computer, a laptop computer, a monitor,
or other display device that allows a user to vary the settings of rapper hammer
assembly 26. User interface 33 would allow the user to control several variables,

including but not limited to, the pressure of hammers 30 striking SCR protective
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[ 00023] As shown in FIG 2, at |east a portion of rapping hamrer
assenbly 26 is within ductwork that has a flue gas stream fl ow ng
through it. Typically, in this enbodi nent control unit 28 is | ocated
outside flue duct wall 35. A wall seal 36 prevents the flue gas from

escaping fromflue duct wal | 35. [00024] In another enbodi nment ,
as shown in Fl 0, p ftECth £ devi ce. Z%Eé&g% g urality of
cont act el &fERT At ST PUAR FTBRT Pk Bt ec?f“’?/ &V Ge.

Cont act el gpiMstimddp @ioﬂoaﬂa}ydﬁtﬂwdﬁuﬂﬁn}l &Fasd haahdr stildey optHesiie fl ue
duct wall 35. Contact elenents 38 nay be made of any material that is

sui t abl e t BrajeetiveAevacs cldesh Yasiablgmvenld vy angaggspeesic & cagp plashr Farte!
material s 'of*{gxleééd\%nag% wﬁ{]ﬁcﬂﬁ@fte e Rch &A1 nf:if)at 1638 A ortidH] M?% y skober,
concrete, ot her synthetic or naturally occurring naterials.

Cont act eIeu&mubﬁ&bqﬁ@&pdﬁmﬂvsd@maﬁ%)mhlch hammers 30 can i npact

i nst ead of hitting SCR protective device 20 directly. [ 00025]

SR prot et ve. (R AC FEonaA e SR tRlor hARRKSOTBRARENEY 1 ©

cont act eIamkﬂS§Raﬂomﬁnchkpm@E®uﬂmummws@dﬁﬁhhmﬁldmnmam@QkUGSSCRn thIS

enbodi nent i ng.hapuner ,asse 26 s outside fl uct wal

oha 1 s ot el A R BlecfR TR e et R e el e

si de vi ew @feadukiter device S, S@Bhsianlifidtbiial b@bWues trinditfer,aMayte éﬂi;ﬂoieldu@ gas
40 travel s towards.  and goes through SCR protective device 20. Fly ash

and ot her PP VheksCHamERgunf pf fpesh fﬁpfwérntj%tgs %%C%amt%ﬁhéadﬁvc

pr ot ecti Veoleyd GeiffimSRIERAP oA dotRY fatbloRSCR B E HbiEe 14, hERHERN 42
toward contact el enents 38, ‘connected CR protective devi ce 20.

Rot ati ng sB@fvill Eezaqtmtaql@yiw&mmkfsthescmp@wedmla@t el ements 38.

[ 00027] As one skilled in the art wll recognize, there may be one or
nor e nmechani cal in 4 < l

dovi ce 20, The a8 e G At R BB 5
my vary t6 ism1thm dlmtwm thedihat 4 S)e gas stwbdne Ao BOR thnoogleitt ’ll“yleiczlb'vimthiszo
i's inpacted

Lhe areous rbeueat PRl 2o et ey mud RE A P anilYsedl e, be

connect ed praveépkRhpreé g@tﬂot@estepﬁngﬁo&mueductwal[@5)028] Once hammers 30
have struck SCR protective device 20 in an effective manner, very

e LY 25T b eSS, BRI e D e

protecti vexiavings ZuBiyaflhRbct@Refnts BRehA pRthide HBRRhOYICRIIBBELve
assenbly 26 may be progranmmed or nonitored so hammers 30 strike

contact el &Ykt §08@0trﬂlﬁwlé‘-‘u%3 glsomrgtryde ah jagstpagtiably gntsideifiye dpetrwadiBs.
Al ternativegl J%f tEl%Hr@%t@%or i A8 SE R} %a@ﬁalmﬁ &f E%é’coﬁ%%ﬁ%lthsm

protective device 2 t1nuous fly ash renov | n anot
al t er nat i Viemendye 3. niBrampleserf spprofdatermatebials isdaief out meeas timited tejetstadt an

t of fly. t 20.
aount of MR, S I AR e maBReR e, 26
can be actdlstadneais ﬁrbaﬂebyumuwﬂm Haaimes 30 & iinPad linskda@ o€ BIiACICR

el ements 38. [00029] The manner in which hamers 30 contact SCR
protecti vé’rﬂté‘%fi"@éle?’éee\?filw%lé{ry fromsystemto system The action of
hammers 30 contacting SCR protective device 20 will allow fly ash

particles to slpaab] ofl‘ypedady,qewlh%ﬁhlﬁmmra@mwb@ls%s&%&ly%’aﬂﬁmg

hamrer systens applied to SCR ective devices installed upstream

of the cat'aP{Riproleetivgidsyicede AF shoyghingde 3, dpasepaidstikpcontaie |1 ue gas
stream or M&téwﬁlkﬂgﬂpﬁg@@é}& R QLS5 Mand QMG Eintdt, e

di scharge point. Alterna
hammer assembly 26 is outside flue duct wall 35 and is not exposed to the flue gas.



di sl odging fly ash can be transported al ong SCR protective device 20

to an ash collection hopper (not shown). [ 00030] Wil e the
invention is directed to the use of a nmechanical rapping system on
SCR protective devices, one skilled in the art will recogni ze that

t hi s mechani cal rapping systemcan alternatively be enpl oyed on any

itemor device, | udi rotective vi.ces that are designed to
prove 11y ashEEkoue: Ahaad Mgt oF Elheo Poche e felf, by fov
These it emsf e fRQ\GhEABirhRG tofleds B gok eirbdh $ARTHIoeR 1O SERMONFZLEsh
outlet "bull noses,” kicker pl.at splitters, and other simlar

items.  and plheuBafoulgiespresepiga ﬁ?ﬁl@@as PR SRPHEpd LY X EnpIotecliscedrvics
connect i on H?T"?%sﬁj 1%\?&&1'51?&81115181\{&1& %h’e!&ﬁﬂ@ﬁ!?%% cb%ct%%%&ﬁ%‘ or,

t he di sl odged particles may be renove ack 1nto le gas
stream or peynebled tePHOR grbitativa delieciarRygatingishaft 32 roftdigs lmgimare B eotardn
hopper. FI g‘nt5t%{%°vé’5ts side view of SCR protective device 20 and a
pat h whi ch ?‘Cly 4R %grticle may take once it contacts the SCR
protective device. After the fly ash particles are dislodged from SCR
protective devi (@021, aspaetkibad ofthd ewfbretoglizestherymdyebd oneyor groaw i t y

to an ash coll ection hopper installed bel t he screen. So of the
di sl odged BRFIPERLEPEg SBFmsA 1 BEhesyo PRe St R BB erie dPriedl bk to SR
prot ect i ven@ayireg hadlmeMm0herRpSaRhRh e SdsbiBly 36 Y58 aAPtol optilntattad | ed
on a slope, as shown in FIG E the ash particles will eventually

wor k t hei r Poiiesha whire SEdigarotsetivadeviseR0 py igpaeted by thedwimgersaher e t hey
can be di sl 2 i b - | , I to
Cime, or T EaBIStlhob @ Ra) Al B i KR R o e
cycl one or cleweopts §8 ajay be connecle@ 0OSCR p@iectioe demoeec2Cenbodi nent s of the
present invention have been described. Nevertheless, it will be

From the spir t AEEoc el sh RER k. Ser G uRR 2EBRRS. ' 104
syst em f or effemoy magngpoterpligintly ablr wifl nfaiuen haSCRifretestivetdemice.onpri si ng
a However, it may be necessary to repeat the contact of hammers 30 to the SCR
protective device 20 more than once. Therefore, rapping hammer assembly 26 may
be programmed or monitored so hammers 30 sirike contact elements 38 numerous
times within a certain time period. Alternatively, rapping hammer assembly 26 may
repeatedly contact SCR protective device 20 for continuous fly ash removal. In
another alternative embodiment, sensor 34 may be used to measure or detect an
amount of fly ash present on SCR protective device 20. Once the amount of fly ash

reaches a certain level, rapping hammer assembly 26 can be activated, thereby

causing hammers 30 to strike contact elements 38.

[00029] The manner in which hammers 30 contact SCR protective device
20 will vary from system to system. The action of hammers 30 contacting SCR
protective device 20 will allow fly ash particles to slough off and continue through the
system. Rapping hammer systems applied to SCR protective devices installed
upstream of the catalyst bed dislodge fly ash particles back into the flue gas stream or

move the fly ash along SCR protective device 20 to a discharge point. Alternatively,



selective catalytic reduction (SCR) system conprising: a SCR reactor
containing a Na, reducing catal yst; one or nmore SCR protective
devi ces | ocated upstream of the SCR reactor wherein the one or nore
SCR protective devices substantially prevent large particles in the
flue gas fromentering the SCR reactor or otherw se inpeding the flow

of flue gas,.therethrough;,and a ani cal rappi system f or

i mpact i ng tdﬁsgo @#g@ P%EaIHBVF@eal?I@%P@%gVEE ﬁeé’ﬁ)‘tp?le%gﬂl%ééhnul ated
| ar ge part iceli€sion Bopphr G kl@wmccording to claim 1, wherein said

rappi ng hamrer system conprises: at |east one hamer; at |east one

R N T R

control unisyst&R B8R SCRESoRBIR RE1cEd, Bne skilled in the art will recognize that this
mechanical rapping system can alternatively be employed on any item or device,
including SCR protective devices that are designed to improve fly ash knockout in
hoppers upstream of the SCR reactor. These items or devices include, but are not
limited to economizer outlet “bull noses,” kicker plates, splitters, and other similar

1tems.

[00031] When a mechanical rapping system is used in connection with SCR
protective devices upstream of the SCR reactor, the dislodged fly ash particles may be
removed back into the fiue gas stream or may be removed to a discharge point or fly
ash collection hopper. FIG. 5 shows a side view of SCR protective device 20 and a
path which a fly ash particle may take once it contacts the SCR protective device.
After the fly ash particles are dislodged from SCR protective device 20, a portion of
the particles may fall by gravity to an ash collection hopper installed below the
screen. Some of the dislodged particles may be carried by the flue gas stream back to
SCR protective device 20. When an SCR protective device 20 is installed on a slope,
as shown in FIG. 5, the ash particles will eventually work their way to the edge of the
SCR protective device where they can be dislodged into a discharge pipe 44,
vacuumed out from time to time, or removed by a device that provides a gas seal 46,

e.g. a cyclone or loop seal.

[00032] One or more embodiments of the present invention have been
described. Nevertheless, it will be understood that various modifications may be

made without departing from the spirit and scope of the invention.



notor. 4. A systemaccording to claim2, wherein the control unit
conprises pneumatic punp cylinders. 5. A systemaccording to claim
2, wherein the control unit conprises a nmagnetic inpulse device. = 6.
A system according to claim2, wherein the control unit further
conprises a user interface. 7. A systemaccording to claim®6
wherein said user interface conprises devices to control at |east one

vari abl e saVeairad JuroMBEpeed, pressure, tine and continuity. 8. A
system according to claim11, wherein the rappi ng hamer systen1is

connected to the SCR %rotectlve eV|c out i de ahductmork
syst em accor di ng‘st Y8 T T YINgRa ‘étlaWS ‘r‘ﬁwfé*rss %WSF%C‘EB?HSH@W

el ements exéleinclsta gﬁ@&’@dub&rﬁ@@R@Eﬁ%&%érﬂﬁqsﬁﬁng ce. 10. A nethod of
renovi ng accunul ated fly ash froman SCR protective device conpri sing

t he steps of: .. .
P a SCR reactor containing a NOy reducing catalyst;

one or more SCR protective devices located upstream of the SCR reactor
wherein the one or more SCR protective devices substantially prevent large particles
in the flue gas from entering the SCR reactor or otherwise impeding the flow of flue

gas therethrough; and

a mechanical rapping system for impacting the SCR protective device to

dislodge therefrom accumulated large particles.

2. A system according to claim 1, wherein said rapping hammer system

comprises:
at least one hammer;
at least one rotating shaft; and

a control unit for controlling the at least one rotating hammer.

3. A system according to claim 2, wherein the control unit comprises an electric
motor,
4. A system according to claim 2, wherein the control unit comprises pneumatic

pump cylinders.

5. A system according to claim 2, wherein the control unit comprises a magnetic

impulse device.

6. A system according to claim 2, wherein the control unit further comprises a

user interface.
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connecting a rappi ng hanmer system conprising at | east one hamrer and
at | east one rotating shaft to an SCR protective device; rotating the
rotating shaft to turn the at | east one hammers; and contacting
the at | east one hanmer to the SCR protective device, whereby

accunul ated fly ash present on the SCR protective device is renoved.
11. A method according to claim 10, wherein the rappi ng hammer system
further conprises a control unit. 12. A nethod according to claim
11, wherein the control unit conprises at |east one of an electric

ot or, pnepnat '& &Y) du[fdfé Faim®, WABOARE |6 BH?II’%QG goﬁg%?sg? dev}c%s A

met hod accordlng fai m urther conpri sing
al tering &b chaagtat hﬂﬂ ovaviraddlesclected fivar ipabd, pressiredinedarfdroomispged,
time, pressure and continuity of the rapping hammer system

8. A system according to claim 1, wherein the rapping hammer system is

connected to the SCR protective device outside a ductwork.

9. A system according to claim 8, wherein the hamumers strike contact elements

extending from the SCR protective device.

10. A method of removing accumulated fly ash from an SCR protective device

comprising the steps of:

connecting a rapping hammer system comprising at Ieast one hammer and at

least one rotating shaft to an SCR protective device;
rotating the rotating shaft to turn the at least one hammers; and

contacting the at least one hammer to the SCR protective device, whereby

accumulated fly ash present on the SCR protective device is removed.

11.. A method according to claim 10, wherein the rapping hammer system further

comprises a control unit.

12. A method according to claim 11, wherein the control unit comprises at least

one of an electric motor, pneumatic pump cylinders, or a magnetic pulse device.
13, A method according to claim 10, further comprising the step of:

altering at least one variable, the variable selected from speed, time, pressure

and continuity of the rapping hammer system.
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