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oxi de (SOx) renoval catalyst. Mre particularly, the present

catal yst ana (sl ARG AP SRR RY It REein VRBtad8hi  ng”

sul fur poi soning of the NOx reducing catal yst. Brief Description of
Art [0002] Met hods for removing contani nants such as EOxlfrkothﬁ t
exhaust gases of diesel i the I'ike wthou

t he needgto use anmoni a ekl QUGS oF BN %nce the m ddl e of
the 1990s. One such nmethod is known as a NOx reducing catal yst. A NOx
r educi ndidéphthg &vepisors support structure coated with a sorbent
material for reducing both carbon nonoxide (CO and NOx emi ssions. In

an oxi dati on gy sormt 'pﬂi@erﬁ Erﬁf@ntx(;n'}@lam% £§1ng& 084 %ﬁﬂl Me‘?@é@ﬁ&a{g

si mul taneousl y OXI di zi n% CQ2 and i s sor

by the 96pBévgeheries (NPx G@@P@é ceﬁqustweld@aulaﬁmwde (ﬁﬁKbWInwaltwpiwalM?rﬁ
ot assi o \ 1e
RIOZ is or%gléh gf]ﬁ’é ﬁeseggﬁgggﬁa%é%ta%ona%ﬁ& t%y{ea‘g%elral}m {hratf‘f gs(,) R s
pot assi Loamlyisttandtw(m enfo@almatdlys{ \@ﬁ&&id&itmﬁalyt prevexg m&ﬁhu poisehisBsfahy st
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t he exhaUst'“gad” %&?&Sﬁer system known as a SOx renoval catalyst is
typically arranged upstream of the NOx reducing catalyst, either as a
pri mary Be@kDesnpwal ofukikt or, nore typically, for renoving residual
anounts of SOx fromthe exhaust gas. The SOx renoval cat aI yst sorbs

SOx fromt he aus her eb ecti e cat al yst
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opgn%?lt' since the middle of the 1990s. One such method is known as a NOx reducing
catalyst. A NOx reducing catalyst is a support structure coated with a sorbent material for
reducing both carbon monoxide (CO) and NOx emissions. In an oxidation and sorption step,
the NOx reducing catalyst works by simultaneously oxidizing CO to CO, and NO to NO,.
The NO; is sorbed by the sorbent material coated on the catalyst, which is typically
potassium carbonate. The CO; is exhausted out of the stack. When the NOj is sorbed by the

potassium carbonate, potassium nitrites and potassium nitrates are formed.

[0003] Since the NOx reducing catalyst can easily be deactivated by SOx and
other sulfur compounds found in the exhaust gas, another system known as a SOx removal
catalyst is typically afranged upstream of the NOx reducing catalyst, either as a primary SOx
removal unit or, more typically, for femoving residual amounts of SOx from the exhaust gas.
The SOx removal catalyst sorbs SOx from the exhaust gas thereby protecting the NOx
reducing catalyst from sulfur poisoning. The SOx removai catalyst is a support structure

coated with a sorbent that is effective to sorb SO, from the exhaust gas.

[0004] As used herein, the terms “sorb”, “sorbency”, “sorbed”, “sorption”, and
the like, indicate either absorbency or adsorbency or a combination thereof. The NOx

reducing catalyst can remove NOx from an exhaust gas stream by adsorption, absorption or a



[ 0004] As used herein, the ternms "sorb", "sorbency", "sorbed",
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[0007] If the SOx removal catalyst is not fully regenerated at the end of the
regeneration, a “puff” of sulfur is often released. Upon re-introducing the exhaust gas into
the SOx removal and NOx reducing catalysts, the sulfur puff is entrained into the exhaust gas
and carried to the NOx reducing catalyst. As mentioned above, sulfur exposure is detrimental
to the NOx reducing catalyst as it destroys the sorption capacity of the NOx reducing catalyst,

which cannot be recovered in the regeneration sequence described above.

[0008] Therefore, the sulfur puff that occurs during traditional regeneration
sequences used in these processes is detrimental to the NOx reducing catalyst. Additionally,
a small amount of SOx may also slip-over to the NOx reducing catalyst during the sorption
step. The slip-over depends on several factors, including the regeneration and sorption

efficiency and capacity of the SOx removal catalyst.



[ 0008] Therefore, the sul fur puff that occurs during traditional
regenerati on sequences used in these processes is detrinmental to the
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[00011] It _should be noted that the SOx renoval catalyst utilizes the
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reduci ng catal yst. [00012] To allow for in situ regeneration wthout
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catal yst and SOx renoval catalyst are placed in feactor conpartments

wi t h | apgdatiraysoanton step ead regerr@onapahenistds she NOx riduging egelyetr at i on, t he
danpers cl ose, preventing the exhaust gas streamfromentering into

the reactor fRGPAI ! EAhSy e s&@&g%%@% Windand Sid BEALANELLHC LY ougn

a distribution systeminto the co tnments to regenerate t §or bent
mat er i aptream flow, tho§Ox3¢dusingeplatyal anNSOxrredowil ngalysttaad pistedfioreagtogas

t ur bi ne i-ned cycle power, plant.or.the Like has fiv 0
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regenerati on sequence af a one ti.nme, A regeneration sequence
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sequencggbypite BlelsyrbeakBsem. | €ss than 10 minutes, and depends on a
variety of factors, including, but not limted to the sorption

capacity of atal ysts d the efficiency of regenerati on.
Accor di ngly, ltﬂpﬁlé ef fiit léﬂé\%gb‘i’ed‘l\‘fé&g TR S 2js8s EhBhefertomiinedsycle

ef fici epeyer@lant 6088 GkhdsAVe to fifteen individually isolatable reactor compartments, 80%
of which are in the oxidation/sorption sequence and 20% of which are in the regeneration
sequence at any one time. A regeneration sequence typically takes no less than 3 minutes and
the oxidation/sorption sequence typically takes no less than 10 minutes, and depends on a
variety of factors, including, but not limited to the sorption capacity of the catalysts and the
efficiency of regeneration. Accordingly, the efficiency of NOx removal is dependent on the

efficiency of regeneration.

BRIEF SUMMARY OF THE INVENTION

[00014]  One aspect of the invention relates to a method for removing nitrogen
oxides from an exhaust gas stream, wherein the exhaust gas stream is contacted with a SOx
removal catalyst which reduces the content of sulfur oxides in the exhaust gas stream and

wherein the exhaust gas is thereafter contacted with a NOx reducing catalyst which converts



BRI EF SUMVARY OF THE | NVENTI ON [ 00014] One aspect of the
invention relates to a nethod for renoving nitrogen oxides from an
exhaust Q30 W0%/¢as8p8 wherei n t he exhaust gas stream i s REIVIISAQUASI8W t h
a SOx renoval catalyst which reduces the content of sulfur oxides in
the ex h%&’cﬁigeﬂ@)‘édésttf)m@ﬁ% Wheiel B¥ avExRatShs SR8ydt Shd §©¥< eahdval
contacted with a NOx reducing catal yst which converts

2008/ 07 98eBFCEIE NE2GITI0BEsH Pst hpused ethingiicehser opmpm@elwmﬁhe Fopreverembed
by the i

reduci ngoRaR St B URag R Bb ek U8 Fitoro BB Mol hE o Bag o s

i Mpr ov ergendtreamn{in IdB’EG‘I@ tahegestepen gis: mt() at)e xscsiatbataactgr tdnepartemat or a time
conpart t.fromthe f e, as .strea directing a
regener gﬁn %Heé%?gf”?ﬁr%e f‘cﬁgéqc&#g‘?' g ’ﬁca&‘)%a@t Fl%ebf"’betratg‘att%‘

ef f ect i werbbikylEgRNeDRERIUGAE bRAGY, t(ﬁfsn &P&uh@herre&&u@ﬂaf&l ga@ﬁlﬁb‘.i@etlsolﬁtga
after regenerating the sorbency of the r educi ng atal yst, then

di rect i AgCOR&OTPRAEMBF Fr |36W€g?5€€c‘i“fﬂ ] Y?Qﬁéefﬁ@ SPRERY of BTt BN aREhEht
for a tipe@ifechive SBmESINRE Ab& o3

cat al ysta gﬁd (d)t th%r eafter recomfr)engl gg&ﬁ]&g fr%\?vn% t gﬁEgré é(tjjrst gas
st r eam rchmpaghent.he react or conpartnent. [ 00015] Anot her aspect
of the present invention relates to a nethod for renoving

cont am nant s [‘f‘)"%& am@a&@em%ﬁlewseﬁ%@mw teldt 89 Rt fNPfor BAYGREY
catal yst and a SOx renoval catal yst, the method conpri sing:

i nt r oduEPHINERLs Ermansheiss 2astsireamby HElizing 2 NOxgedusing crighstand a SOx
conpart t [

Fembval earal yer gt RN AR ilod DAL LR 0 HRLa b ali Bhe
cont am meantos cdmpmniche thexdt imsttong a®cet canpartyyens amiprisggtaBOcentoal nant s

th S t d t X | at
2t | oasbomne PEART B i e trsSeihnde TRatl i ?tre'a%g

regener ay sainghie NQanfietitCn@e SOk adrySital QAL ahdthe mﬂ%ﬂ@ﬂg@tzﬂﬁs@
renmoval  cat al yst by introducing a regeneration gas to the 1sol at ed

r eact or OBHB&R FFhPIC (&M SORD efﬁ«f@éh@? s¥haypt sgagireann faergatingdhagifox

reduci nggaghakss ?st%?x@r faeLachind i s@@%@@%ﬁh ¥othucink AT €0y

renovi ng the confam nants " therefrom after regg ating the SOx

r enpval regaraaRtostgas tofbnisplatadgehstor ngmaarguﬁm’f u’vhemmrt}watgegerstwmgas lgentacts

i sol ate REGE r val i.,S

effecti \?/Lg to %e@%@%%%&%%ﬁ%nt%%gFQm ngijcatt %St é%ggb YOV 'Ing ihe

cat al ystontanida@t$ therefiont, nfelregangratiineths SOkuemoefroatalystg@sn intoéiting a

i nt roduci the xhau goz%ﬁftream to the reactor co%artment wher eby
P

the SOCHERETAT L@ ds HepAOGORIPREY L WRCTER kA ST rerIe Ve gah!s

addi t i op@écti¢oRt RALHGAR Sndun@BT fulker R¥AIMSSOHAMoval catalysl; AP 1 iHRRLERE
aspect of the present invention relates to an apparatuS for

r egener HiSRGE BNl geizalnteducing e cxhrysteanekeantidied rectersaoaipgmentt he
appar at Ys e CNMIE isBixHmothl BAk TRSE

paral | el %ogy e otX eroﬁ5 rrpe?/?todgd re%&%géagélgitgﬁsog}?%é%{f

par al | etontanigaiOromakueibagst gzt al yst, wherein the SQ( rermval cat al yst
and the NOx reducing catal yst are di sposed between the pair of
danpers; a v@byrs]di ARGSEhsHRE YERDpREG: HREREK BBl NG aﬁ%&; val
catal yst; a val ve di sposed between one danper and th reduci ng
cat al ystegelﬁﬁﬁ'@ma acsé}*t ey catalypieand iaiN @hesdeong ¢atdlyrthogpratissomhesing:

da ers, I nd, t he reduci.n

ot ol yai Pty SEELRES, MG DR m BBt o B DS "

f urt her candigst ehsposb&h earahxfittcv oNCGarredpargatas/st, haereal te SOk gertlovabedtalgdt ah@ast
one of ratlo asu re va or a m xture _thereof
P hr oonie REAGRRI M SOARE Ba B bivstT IR PR PPBnstY AgeNE A yses
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in nore detajl
and the NOx reducing catalyst; and a controller, wherein the controller operates the dampers

to isolate the SOx removal catalyst and the NOx reducing catalyst from an exhaust gas,



in the follow ng detail ed description. BRI EF DESCRI PTI ON OF THE

DRAW NGS [ 00018] For the purpose of illustrating the invention, the
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However it should be understood that the present invention is not
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drawings, wherein:

FIG. 1 is a reactor compartment containing a NOx reducing catalyst and a
SOx removal catalyst;

FIG. 2 is a reactor compartment containing a NOx reducing catalyst and a
SOx removal catalyst;

FIG. 3 is a flow chart of a regeneration sequence;
FIG. 4 is a flow chart of a regeneration sequence; and

FIG. § is a flow chart of a regeneration sequence.

DETAILED DESCRIPTION OF THE INVENTION

[00019]  One or more layers of the SOx removal catalyst and the NOx reducing
catalyst may be used in a reactor compartment. For example, in one embodiment of the
invention, there are two layers of the SOx removal catalyst and three layers of the NOx
reducing catalyst. It is recognized that the number of layers used in the NOx reducing and
SOx removal catalysts can vary in different applications, therefore, there is no limitation on
the number of catalysts and the number of layers that can be used in the system and process
described herein. Furthermore, any reference made to “a” NOx reducing catalyst or “a” SOx
removal catalyst is not meant to limit the number of catalysts or number of layers present in

the catalyst.



[ 00020] As shown in FIGS. 1 and 2, a reactor conpartnent 10 houses a
NOx reduci ng catal yst 12 downstream of a SOx renoval catalyst 14.
Exanpl es o¥o daxomgduci ng and SOx renoval catal ysts ar eedamgszon7iosrsthe
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[00028] In the present invention, regeneration of NOx reducing
catalyst 12 is always followed by the regeneration of SOx renoval
cat al yst WO 20080988 enbodi nent, NOx reduci ng cat al yst HBCI/U$2007/087872
regenerated first, followed by regeneration of SOx renoval catal yst

14. In @H@N@rre&mouafmt 12. 5% ctoR BBMEHrnsat 8 Histherificlu@esr088RSBAERE is
first, followed by regeneration of redu0|ng catal yst 12, then
tl

anot her dispgeadratdnSOsrempal Stxysidhsodiarene 4B y s q@termmat@d theeyalves 24
embodi mepg 6&:%% JoglEloﬁﬁ‘QéﬂétP&%écatlﬁ@ln adtSr BEbEEHEM of %Yv%él@él Qt?ag?,%cess

sul fur and or oun rom-t renoval cat al yst
i nt r oduesdypiadlly Ctohaecrt@ao toares omtbwcpn@ms thaRelow tile redensnatifrugaseoamtiai ni ng
conpound reduce nate sul fur oni ng of NOx reducing

catalysfg% Femoval 166655%“*%@3%V@gwmangégeneration and introduction

of the sulfur reanaI gas is controlled by the inlets and val ves
connect ed t o[G40836lt orThe oppramng srereiosing aktileth 2houkd vEORs 24eamd\24l asomlhaSyst

14 and 'H%gx &g%‘ %J;\(P?%]%gtcgllltyOﬁlteg %? 2 cont{oller Ji%cﬁén%%lié% 0'38‘6"{% a{l%/SL?t @2

one enb resen nven renova
regener abﬁ@blmdcyarmnc eExahﬂplé?st(ﬁpuCEﬁnclﬂkairmaﬁBut&cﬁcmﬁdl &Btears€DCBpaeid t o

i solate reactor, c artmen from exhaust gas stream 19. WO
2008/ 07@%%5’@"??%%}16@7@%9 [00031] hi step 32, valve 24 is

opened. In step 34, inlet 20 is opened to introduce the regeneration
gas to reactﬁﬂmaﬂnpéMMMﬂMﬂeﬁ@o&ﬁp&hﬁvamumcampéﬁmmﬁﬂ@amemnmhmIHG 2, the

regeneration of Ci at al st 12 b the r eration
Gt hr otishie ok RERIERTD BaIG St iR HEISHEDS
exhaust eghchy coapatEnetéthrough valve Q80384 sulfur Sn@falBHis megibe @@croﬁﬂca’ﬂr@ inlet & e
nodul at ed to dlrect t he rgﬁeneratlon gas to SOx renoval catalést 14.

Speci fi CAIHYE 24 al et dpens! iirPecarrarcaul § docg nesiiyze yhiskt vafve 26

i's openggnﬁh&ghgg%§&§h§h5?§ gas is drawn toward val ve 26 and through
SOx renoval catal yst 14 n step 38, SOx renoval catalyst 14 is

regener at ed e enerati.on gas The re ti ) |s haust ed
by val ve 26. 1000281° 15BS e R ErB anrerHe T NG R I AL e

i ntrodugRehyt %1!0%@199Ehe%é@i&@fahﬂ@@ﬁSG}@rem-thlscafé%@t he Iﬁ%ﬁ@embbcﬁﬁ@ﬂ NOxat

| east two ways: (1) close inlet valve 20 to stop the flow of the

regener aftdiuelﬁg @aglywd% We«gemqﬁ@e@ Besb £ loveed i apgeReatonstic xpemorvaicatelys2 ¢ o
! ntr Oduggt h Qlld helJ t % S%??emo%d c(a@ a} AN eﬂérgtted%l t%ﬁ&w open

inlet 22 to introdu uce reno gas neit I 'nst an
si nce vajgeeer2brrdiinsdepencatalyse 13,uhénmothempyaleragas of the @mmmwm ough

SOx | 14 b SOx, .t.h 00034
st eyt & e lvod iR R HAT BB Pe S St BB S e prmosg RS

renoval s@és ahdor $@.CIoppoafdsfedh FRBOx@moldl cath 14dis ikddut&imaionthdig open
val ves are closed, including valve 26 and valve 20, and danpers 16
and 18 HPEOBHEPRAIMePH @Ry a] ot AR spmponndsgeduces @M@aﬁ%wlﬁn

reactorpgl&ﬁ@igmwgiréﬂmngcamthQOBS] I n anot her enbodi nent, as shown
in FIG 4 removal catalyst 14 is regenerated first, follomed by

regeneration cing catalyst 12 apd.a second.regeneration of

he Soxr enotlhdlay ahoee (ebRepals i efbiuc g %s@ﬁut;fenﬁzvak 58 ep

50, danp&itsl1dbbypind ididts eh@$LvdsQohRted®reactor compartment 10 which houses SOx
removal catalyst 14 and NOx reducing catalyst 12.

[00030] As shown in FIG. 3, in one embodiment of the present invention SOx
removal catalyst 14 is regenerated only once. In step 30, dampers 16 and 18 are closed to

isolate reactor compartment 10 from exhaust gas stream 19.



reactor conpartnment 10 from exhaust gas stream 19. In step 52, valve
26 is opened. In step 54, inlet 20 is opened to introduce the

regener at M§h20g%879868 r eact or conpartnent 10. Open val veeQ@@EUR605i0B187Aat es
the regeneration of SOx renoval catalyst 14. By opening valve 26 the
regeneration@msiy s He@yn2 AnRNASs RhYE 138teBRd, Ik OB peRe th SIRVALe
catal yst 14. The regeneration gas regenerates SOx renoval catalyst 14
and i s éxvaEReEgopygasigreastop sompame OB/ OF98eSrRCT fWsiesT Hegegneration of
[ 00037] Y . , - i.rect.the
regenerﬁ@o%ﬁgﬁgggdgaliﬁ'?zg%@ Sge%g ;%dﬁ'i%&"t@%@%t%%g Ir§c,ﬁ’°§?§l ve 24
opens weithbysty alhe eeRBernorcgan seckhaldi@bywalwee424 i s opened, the
regeneration gas is drawn toward valve 24 and through NOx reducing
catal yst 12. 00033} €itn 58 30 eeMG NG £ehdhistkd Kraitey HE9RN &g&&%?%
the regeneration gas, and the regeneration gas is exhausted by ve
24, SOxrep0Bd Fatplystside Freiically] wedveZ® dpsnopkiteediivelid ie closddy éVieh vabve

cl osed. i I . i [.e eration S t hrough SOx
Cemoval 220 Ay S Mg R BR L Te SR R RS L ERR TER bt e
for a seatlyst It e step B, S@prefidvalicatbit 20s teendrasebly the rededgratidiegd! oue of

the regeneration gas to reacto gnpai t mrent 10. [ 00039] In step
64, inl é‘cfge‘?eéati“g‘%gégrfé‘ aysged, tVra[i'Béée a sul fur removal gas to SOx
removal catal yst 14. Since valve 26 renai ns open, the sul fur renoval
gas i s drawn[a003#r dén gpeh,viad snEfu2Gmand gahisonghluSato rerny abmpatnadny $0.

14. The.sul fur renpval, gas renpves exc sul fur coptainin onpounds
and prevéntd® E’% %“f’%o?lpgﬁeg Wi %td?%gm&%aryst@f%? lfﬂggY?éY R It&sﬁo"i Q?tl}l’e

[ 00040] rédeheiiticnQas fcitvat raaatbadongtartkdnitag obeehle2pasadodiRe hiRgirgul fur
removal gas for an_anount of tinme sufficient to renove the sul fur

cont ai nfRRY Eb#otiidbicayerinist éhonss and ppeginiob2iogaienducydimpriily raBovhees18
are openpdiheVAkMBee20nGd RPED6 BRNSENAUSE sARR é&ﬁév%"}ig&s]ig dla$m' RLL QPG

to conpartnent 10. The sul fur renoval gas and any renalning
r egener &njayal gédysal & thapmstovwneg 80ddhpefran.16 and 18 open.
[ 00041] In another enbodi nent of the invention, the regeneration gas

i's introduced via valve 24. Such a reactor compautnent is illustrated
in FIG2 andigobsyr eaensgs &L i0n 2380468088 whish kbbUSt Figk e tlekuffhGempyal
[ 00042] Referring nowto FIG 5, as shown in step 70, danpers 16 and

18 are &3¥ds&dctor panpdsiyngns &0 alnistrg 4dealbreorinsmaqpah Ivalwes ard lofedpinchrdmgust
gas stream 39 ar%dl V%l\%tz%panﬁzdam&%}svlgsang gS ?%%ngr?eda{h%regO%n@roggc%ngi%hi{bsr@ ggs./st €p

74, a regeneration gas 1's introduce eéact or ‘conpar
val ve 2dreaBeldausencioakcaep@tindns l@pen, the regeneration gas fl ows

t hrough and regenerates NOx reducing catal yst 12 and then regenerates

SOc removal HhEY Sty dibinel BEuIAASASLAG OGS, b SEXAShLH.] P KAl ve

regenerated first, followed by regeneration of NOx reducing catalyst 12 and a second

regeneration of the SOx removal catalyst.

[00036]  Still referring to FIG. 4, in step 50, dampers 16 and 18 close to isolate
reactor compartment 10 from exhaust gas stream 19. In step 52, valve 26 is opened. In step
54, inlet 20 is opened to introduce the regeneration gas to reactor compartment 10. Open
valve 26 facilitates the regeneration of SOx removal catalyst 14. By opening valve 26 the
regeneration gas is drawn towards valve 26 and through SOx removal catalyst 14. The

regeneration gas regenerates SOx removal catalyst 14 and is exhausted by valve 26.



[00043] In step 76, a sulfur renoval gas is introduced to reactor
conpartment 10. In one enbodi ment, valve 24 is closed and the sul fur
renoval g&¥0 2e98/PMBIBoduced via inlet 22. Alternatively, PEHES28Q710BTS72
removal gas can be introduced via valve 24. Wen the sul fur renoval

gas i s introqusad via s%é%'%,ev% 248h¥ 86 24 ndRuNRl 1§ iR&ShABENERRESEE to
remai ns open. [ 00044] Since valve 26 renmmins open, the suffur

renmoval Nfasradycigg eatrlystHe o SgbeiBokly r e\ 24l opert whijestalve4 6am ellosadh Vismed
from val ; | - €106 ' ' the
Ul Tur T At Pl ek eRolHas U KA 2 Sha LDRERING! Bl
open, t herébyll. nhstd’s) NOx ecduamgtcatghyst 129s tageneeaed by the osgeacrhi@ngas,ld
[00046] SO rempval catal yst 14 and reduci ng catal yst 12 are
exposed ' eoreg?{g%lé’ﬁe’ﬁselrsgi?}?%lﬁte%&VT%S? 2%|O':i me sufficient to regenerate
the catalysts. The tine period is determ ned by the absorption
capaci ty and [€H&8) ollnxtep 6f), taline 26as apeysd whilhealey 2t is ctoppl. capdningtrhbre 26

catal ysts_.are _expo to. t egeneration gas for. a.ti eriod

Chr oe” or 2B REREEfioh L3 REERSCRUL R0 AR St Y rBSEr R edife
t o reactyirx reowparchist fol O sdeond amei Mestdpetpatdn 2akb0tlbsed t¢ QopbeUlowds the
seconds, but coul d be added for up to several mnutes, depending on
the par AFETERLOTHESINEARSF (RTINSt em [00048] Typical Iy, the
regeneration sequence takes about 3 to 10 m nutes. The addition of

t he sul fur r¢iMivdal dJmstep 6priesel s opawdghd intrbdbdea st refotdigad BtSBx
regeneration,ti i ntroductj on gf the sul fur renova

. .Ho
o e T S B St ety 28 et e e Ot oGl et RS, e

anount Whbievalty Bads thioh @USOx etidvaDcatdlast G TRV fLAATH0ERkE Rl /BIHRBGE
not utilizing sulfur renoval 00049] In addition to

gas. [ |
reduct i SRTEFCOBRBNG WHBYRIsIe Praverls hems fiem plinpiRaveRNPe Eadleing patalyst
hi gher werking capacity of the SOx renoval catalyst as nore SO2 has
been renoved fromit. This in turn results in |l ess SO2 escaping the
he NOx reduci ng catal yst during the

SOx renoval yst, 1o _poi son

sorption pr og@’i}g}.’l_ thrffeﬁég,x r?ﬁ%"%@é@@ﬁtlﬁ}‘a Rese cxpnse iodBeHBiuaTayal gas
sequenc gorsibsioant d il subficid@ tlehbv 8 IHe WhIRR B Statnlte coltpblindsOh s&slcbUinlet
which is often released during traditional regeneration sequences.

Accor di Rgclpsesupapparelq #dridaue prrged. relve xhaleses, guisexhasbgastiee®OLO fsenoval
d NOx; ' f i | trained jnt
an dﬂ%‘dH&édQQ cﬁgﬁ%lnéfe%tt E@E) ?%é%&#}%y{ﬁgé%l egg.’s gncpa%y r;ﬂ@%@%?&eﬁ%@% ga'g nto

t he exhaust gas a roug ucing-c
cl ai m i sre removed when dampers 16 and 18 open.

[00041] In another embodiment of the invention, the regeneration gas is introduced
via valve 24. Such a reactor compartment is illustrated in FIG.2 and the regeneration

sequence is illustrated in FIG. 5.

[00042] Referring now to FIG. 5, as shown in step 70, dampers 16 and 18 are
closed, thereby isolating reactor compartment 10 from exhaust gas stream 19. In step 72,
valves 24 and 26 are both opened. In step 74, a regeneration gas is introduced to reactor
compartment 10 by valve 24. Because valve 26 is open, the regeneration gas flows through
and regenerates NOx reducing catalyst 12 and then regenerates SOx removal catalyst 14.

The regeneration gas is exhausted from valve 26.



1. In a method for renoving nitrogen oxides froman exhaust gas
stream wherein the exhaust gas streamis contacted with a SOx
renoval ca®20080798U8i ch reduces the content of sulfur OBGTAERR0G798T8NE
exhaust gas stream and wherein the exhaust gas is thereafter

contacted Wi io@3NO sRIUE] Ndilfatedloy sl ga kY iﬁdﬂg&@éﬁ’@rréﬁtd?ichﬁq?%ﬂer@)fb.des
to NO. sub.2 which is sorbed by the NOx reducing catal yst, the SOx

renoval [Bapaepeedingy, Vb 348 Glopeigng sheauliyt repoysleds wintndvced vie idetgR.

conpar t rm%auwglg, hIBGAYCUEN) CRTRY b Lt RLARS A whdidhe gl at i ng

t he reactor conpart nent OW O e ex ust gas stream (b)
di rect i ngmeval ggenertatiad vipaslvatdpvilhe24 sobatledd nedotend compardpment
for a tine effective to regenerate sorbency of the NOx reducing

catal yst; (gdoodkf ersif@9IBRENBLEALnS fRnSAE RARE YerRfval gaﬁ ié\QéwF PEINEOX

catal yst, then directing the regeneration gas into e Isolate
react or reBpiysheatpEitl4fand exhanstakfrenfvabei2ée to regenerate sorbency of
the SOx renoval catalyst; (d) introducing a sulfur renoval gas into

the reactor ¢eupsy t mTRBlep 28,1BE vatER i) intrBallcidd thO§ulfuP redtRAL 8 kioses,
wherein the sulfur renoval gas is introduced for a tine effective to

reduce aRlVaRBGlesesomd dampers 19 and Heorsaxthershpipdodecansadnatst sasnd@ to fesptor
t her eaf gpencing the flow of the exhaust gas streamthrough
t he rea%?%P&ggnpartnent. 2. A nethod according to claim1, further
conprising the step of: directing the regeneration gas into the

reactor conmp&tWAtint SO rrgEHsrtald I¢emd SYiEyredycipgataboy 13 aigsyagsed to the

cat al ysteghdi8fiorS8RolAme QitficiBti@fegbrstb 8R chfllysis3 ThéNifEHRASH @ccor di ng
to claim1 wherein the sulfur renoval gas conprises oxygen. 4. A

met hod de€oridbhiy the abjomptinnkapdedy enhthe velugie|of e caimssabovgasr, iypically the
I ntr Odu%gtglygtg a}erb%g%s%é% {f)lre crég%ﬁ%%ot n%%.g% I‘I%l {mea etnlo -Of 91?%6\(,)0\‘%2}{1105?8' }%}.?I%uttw? er ei n

seconds t out secon accordi ng
the regenerati on gas conprises at | east one of: hydrogen, natural

gas, steam H10047]1yi dthg pelfur iierpeset gas is added to reactor compartment 10 for a time

between about 5 to about 30 seconds, but could be added for up to several minutes,

depending on the parameters of the particular system.

[00048]  Typically, the regeneration sequence takes about 3 to 10 minutes. The
addition of the sulfur removal gas represents roughly 1% to 15% of the total regeneration
time. However, the introduction of the sulfur removal gas reduces the amount of
breakthrough sulfur to less than 1/3 of the amount which breaks through during the current

regeneration sequence not utilizing sulfur removal gas.

[00049]  In addition to reduction of breakthrough SO,, the sulfur removal gas
results in higher working capacity of the SOx removal catalyst as more SO, has been
removed from it. This in turn results in less SO, escaping the SOx removal catalyst to poison
the NOx reducing catalyst during the sorption process. Further, the presently described
regeneration sequence substantially or totally eliminates the “puff” of sulfur, which is often
released during traditional regeneration sequences. Accordingly, upon re-introducing the
exhaust gas into the SOx removal and NOx reducing catalysts, a sulfur puff is no longer

entrained into the exhaust gas and brought to the NOx reducing catalyst.
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6. A nethod according to claiml, wherein the regeneration gas is
directed into the reactor conpartnment by an inlet |ocated between the
SOx renoval catal yst and the NOx reducing catalyst. 7. A nmethod
according to claim1l, wherein the regeneration gas is directed into
the reactor conpartnent by a valve |ocated between the NOx reducing
catal yst and a downstream danper. 8. A nethod for renoving

contam nants from an exhaust gas streamby utilizing a NOx reduci ng
cat al yst afWtatas @@ isenoval catal yst, the nethod conpri sing:

i ntroduci ng the exhaust gas streaminto at |east one reactor

conpar t ment. In § tvethad fdr easdvirgneétrogen okides feompaethawsn tascoeg, iveiereinh the SOX
renoval cadxabusspasamehnais biadtedduidi N§Ox hdlvyishtalysterited radncedhide content of
cont am nandulfuff sxides inthe exthadt gis sgasm aiid ehereih yhexhidustpgs ishkeredst am nant s
on t he SOxconmo®d aith 6 AGKH rydicingrdtalysevyNiconedtsGitiget atidgdsts ND.dubal at i ng
at | east onidck @asbeal bychaNaxiredioing Catalydt e SOX hatsth] @asystindean
regener at i @hcinaeaidoxt HoaskdGiithth £RtAdNBinpRithalt, thdinpegenelitabnpdsihdi@e SOX
renoval cakebkyst by introducing a regeneration gas to the isolated
reactor conpartment, wherein the regeneration gas contacts the NOX
reduci ng qaf sy (R 1Wat@tbASAEndl B0 e AGTBNAE cxtBbsabaSireari;ner €Y
renmovi ng the contam nants therefrom after regenerating the SOx
renoval cabpdideting 4 REdhelalbk RAWERD BE 118 febbitor cBAPMBhend RS a tithelePBetive

i sol ated rgaGkRrats YIRREY BERE NOMESINE chiligsisul fur renoval gas is
effective to renove an amount of sultur fromthe SOx renoval

catal yst; @ngefch&ferain HRUNBERY of 1R NOH felhlcidLARKAY, 18R SiredilS the

i ntroduci ngedhB&rEXRaHIE thd 3D 1Md TERMr bOmbInehEREL Hne CAIIRIL I TEL e e eby
the SOx r%g%@gyoq%agmmgmcgtg%w reduci ng catalyst can Sorb

addi tional contam nants tromthe exhaust gas. 9. A nethod according

to claim Qd) iBH&{ulai%é a%@l@ﬂ?rréxﬁ(g‘}aggés B0 SHeGPacR: compartment after step (c), but prior

to step (e), wherein the sulfur removal gas is introduced for a time effective to reduce an
amount of sulfur in the SOx removal catalyst; and

(e) thereafter recommencing the flow of the exhaust gas stream through the reactor
compartment.

2. A method according to claim 1, further comprising the step of:

directing the regeneration gas into the reactor compartment to regenerate sorbency of the
SOx removal catalyst after step (a), but prior to step (b).

3. A method according to claim 1 wherein the sulfur removal gas comprises oxygen.

4. A method according to claim 1 wherein the sulfur removal gas is introduced to the
reactor compartment for a time between about 5 seconds to about 30 seconds.

5. A method according to claim 1 wherein the regeneration gas comprises at least one of:
hydrogen, natural gas, steam, or a mixture thereof.

6. A method according to claim I, wherein the regeneration gas is directed into the
reactor compartment by an inlet located between the SOx removal catalyst and the NOx
reducing catalyst.

7. A method according to claim 1, wherein the regeneration gas is directed into the

reactor compartment by a valve located between the NOx reducing catalyst and a
downstream damper.
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after isolating the reactor conpartnent fromthe exhaust gas stream

then regenerating the SOx renoval catalyst prior to regenerating the
NOx reduci ng catalyst. 10. A nethod according to claim8 wherein the
regeneration gas conprises hydrogen, natural gas, steam or a mxture
thereof. 11. A method according to claim8 wherein the sul fur

renoval gas conprises oxygen.

8. A method for removing contaminants from an exhaust gas stream by utilizing a NOx
reducing catalyst and a SOx removal catalyst, the method comprising:

introducing the exhaust gas stream into at least one reactor compartment, the at least one
reactor compartment comprising a SOX removal catalyst and a NOx reducing catalyst;

removing the contaminants from the exhaust gas stream by sorbing the contaminants on
the SOx removal catalyst and the NOx reducing catalyst;

isolating at least one reactor compartment from the exhaust gas stream;

regenerating the NOx reducing catalyst prior to regenerating the SOx removal catalyst by
introducing a regeneration gas to the isolated reactor compartment, wherein the
regeneration gas contacts the NOx reducing catalyst and contacts the SOx removal
catalyst, thereby removing the contaminants therefrom;

after regenerating the SOx removal catalyst, then introducing a sulfur removal gas to the
isolated reactor compartment, wherein the sulfur removal gas is effective to remove an
amount of sulfur from the SOx removal catalyst; and

after introducing the sulfur removal gas, then introducing the exhaust gas stream to the
reactor compartment whereby the SOx removal catalyst and the NOx reducing catalyst
can sorb additional contaminants from the exhaust gas.

9. A method according to claim 8, further comprising the step of:

after isolating the reactor compartment from the exhaust gas stream, then regenerating the
SOx removal catalyst prior to regenerating the NOx reducing catalyst.

10. A method according to claim 8 wherein the regeneration gas comprises hydrogen,
natural gas, steam, or a mixture thereof.

11. A method according to claim 8 wherein the sulfur removal gas comprises oxygen.
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