A METHOD AND APPARATUS FOR CATALYST REGENERATI ON
BACKGROUND OF THE | NVENTION Field of the Invention
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[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 arranged upstream of the NOx reducing catalyst, either as a primary SOx
removal unit or, more typically, for removing 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 removal catalyst is a support structure

coated with a sorbent that is effective to sorb SOy 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



reduci ng catal yst can renove NOx from an exhaust gas
stream by adsorption, absorption or aconbi nation
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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.
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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
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[00016]  Another aspect of the present invention relates to an apparatus for
regenerating a SOX removal catalyst and a NOx reducing catalyst, the apparatus comprising:
a pair of dampers, wherein one damper is parallel to the other damper; a SOx removal
catalyst disposed parallel to a NOx reducing catalyst, wherein the SOx removal catalyst and
the NOx reducing catalyst are disposed between the pair of dampers; a valve disposed
between one damper and the SOx removal catalyst; a valve disposed between one damper
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,



whereby the SOx renoval catalyst and the NOx reducing
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the invention, the drawi ngs show a form of the
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limted tldQG Hes preciseomprangamentasiiage NOx reducing catalyst and a
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regeneration sequence DETAI LED DESCRI PTI ON OF THE
| NVENTI ONF1G. 4 is a flow chart of a regeneration sequence; and

FIG. 5 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.



[00019] One or nore |ayers of the SOx renoval catal yst
and the NOx reducing catal yst may be used in a reactor
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[00024]  Still referring to FIG. 1, a sulfur removal gas enters reactor compartment
10 through a sulfur removal gas inlet 22. The sulfur removal gas is an oxygen-containing
gas. Air is one example of a sulfur-removing gas, however other oxygen containing gases,
including solely oxygen, may be used. The sulfur removal gas is added towards the end of
the regeneration sequence to maximize the removal of SOx and other sulfur-containing

compounds.

[00025] Reactor compartment 10 may have several valves, which facilitate the
movement and the removal of the regeneration gas and sulfur removal gas from the reactor

compartment. Reactor compartment 10 has a valve 24, which is disposed between damper 16



regeneration gas typically consists of 2 - 3% hydrogen

in a carrier gas such as steam however other inert
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regeneration gases known in the art to regenerate SOx
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hat allow the regeneration gas and the sul fur renoval

or Valtj%\%‘l t bhiggmbos gt PE%?&%lf CUBRARHR e Hidogpnotugitigo s el to

t dﬁ&?@g? AR ng of inlets 20 and 22, valves 24 and
intro 0, gﬁl g%%npers 16 and 18 are controlled by a

controller 28. Controller 28 can be any suitable )
cUWOR8l e dhrapricsant IEeRgy) degeperagor A NRYK rgducing catalyst 12 is

r
v PS4 DA o Y BLBTE Pl A0 8 HEATTRRL S,
reducingaatabst COIFPagdnorindd 1O, f(ﬂiiw@dald)l)negdfhei:dtﬁn oZ S(I)d’lemoval catalyst
regeneratlon gas is introduced to the rea

14. Incyepisy emBAtintR bghrepveecatalyshid 1%5@%@@1’%% ﬁr%afellewed by
regen&%ﬂlﬁ'ﬁ??%& R %3;&% yys@h 2{%1@[2 oglﬁ‘@v%éhgﬂa'ﬁoﬁ ggﬁr\éfﬁ())&%ﬁoval
catalygnidodn meindr cofbodeaatt or sutiimpandvae pas, $0idae sifaatveud rdmae excess

an.in t 20 to | ro the regen i on.gas 0028]
sutur BopPSGH pRatihas B SO Eapkra T hhof i ebio

reactof:é’érﬁﬂ)a)fﬁﬁenl2R'e§10@!11V@3é§1fﬁ1040|n%\{ﬁ9g BYm n%&ﬁld@ ?&ﬁt@@&r &Iél%ngttes sulfur
renoval cat al ySt 14. I n one enbodi nent

p01somng of NOx reducing catalyst 12.
[00029]  The order of regeneration and introduction of the sulfur removal gas is
controlled by the inlets and valves connected to 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.



reduci ng catalyst 12 is regenerated first, followed by
regeneration of SOx renoval catalyst 14. hi another
wepdedrasent, SOx renoval catal yst 14 is regenePeL/es2007/087872
first follomed by regenerati on of NOx reducing
t e e .
CHAAT AR 2P AFIH P BT 1910 28 iR o
the regﬁmﬁz\tﬂin ©8%0 re\Ahﬂoﬁ borhparghée i \Opeh @alve ITAVRCiBXCSBSBe regeneration of
. sulfur and/or SOx conpounds fromthe SOx renpval
NOx gedpging sptalyat 13 By fdrapviegihe deganaiagon gas heahdhe NOx reducing
g5 o%Tg f ent ai ni ng conpounds
Cﬁab%pducé%g%$§%rﬁﬁgggﬁéggéﬁ$#%ry%g§é£n|ng of NOx reduci ng
catalgst 12. [00029] The order of regeneration and
i h9003d 1 ct Inowerodo, Rk es &t pid 26 anponedulajedta dreshHieregdngetion gas to
SOx Ig%otvlﬂeca[ n?tli Ogaﬁ:lf\fﬁal%b%lggﬂggén@%hg@ Jaﬁ%cft’-”ﬂ closec& When valve

npart uses renoval

26 is @jtﬁiecﬁxj(ﬂ(e regenighiigh gatialysthn @R ard QO3] arﬂ&llﬁﬂm@momreﬁio@al
i n one embodi ment of the gresent i nvention SOx
catah@@fodﬂStf@a%SaS%tremaV%a%@éh dEederitd bnihsacgqngragipagas. The
e closed to isolate reactor
Iq&n%%%%g gg?m%%m?%gﬁégfﬁaust gas stream 19.[00031] In
32, valve 24 is opened. In step 34, inlet 20 is
Al t olnjstapr4k theesul feramsyeheasas insiodgens! tp geacéaicogpartment 10,
I 2 il
This C%@%E%é% TRfheEn B AR O RS JUb BTG stop thg flow of the

regenérBgort ggaa mtaﬁhma@aﬁcdnhﬁ@&ﬂ@mt hftoNOXinlee B € MGoduce a sulfur
catal yst. The regeneration gas is exhausted by valve
removay gas; eb@éiqavrs gt Eorss ang gpepuiles 22 4a intoglugs dess i smeyal gas.

In e1tﬁe? i B AS t r{cg% {V%@%r}grflgﬁlls e @ 48y %ﬁi é’s% g ﬁr@h&%gh SOx

peC| ical 6pens
1enunalasﬂgmIwh&mmmahmaoﬁﬁgEﬁmahamﬁdn1the regeneration gas
is drawn toward val ve 26 and t hrough SOx renoval
catalyst 14. In step 38, SOx renoval catalyst 14 is

r ated by - the r I on S. ner
o SR8 By 23 -G 0T ok IRGo Tt fnova
gas to Séﬂcfdircoﬁ@ﬁﬁﬁh@ht ORShistep 431 AP UHEARInk QpEL ALV E are closed, including
onpartment 10. This can be acconplished in at |east

valve ?%ﬁdﬂé@lge 2¢. nddpopersilflaat 1§aryepepedtthersbppittodecing euhayst gas
stream Wto r%g&(l;] O?Ht i (I)tg‘f%??()t o into the reactor corrpart ment

i ntroduce a sul fur renoval gas;
or (2) Ieave inlet 20 open and open inlet 22 to
i 0P3%Iuc dn ehethsudnibadimertpassdhogasn FIG. iShereniovst adgst 14 is
gas i.S

e B 2P o SIS SPoh P E TR o888

regendr &TONI MG SOX réMevL LAQRAL.

[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 1s 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 1s drawn towards valve 26 and through SOx removal catalyst 14. The

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



[00034] In step 42, inlet 22 is closed, which stops
the flow of the sulfur renoval gas to reactor
waeeoparasneent 10. In step 44, all remai ni ng opePCwEE200%087872

are closed, including valve 26 and val ve 20, and
d 1 d I ci ne .
AT R e S 2P T O AT My Peneraton as o

NOx [dd06iaglcatatysannt Higsci Roa1ooV ABN14 offsis S&fhﬂmai\fﬁ 2|6|1§3010‘§ed S@Klen
renoval catalyst 14 is regenerated flrst fol | one

valveZd4e ARgnsts B r%aenﬁeﬁeom gtfue %F?@‘bfé’f‘dr dreglve 34 andit aO%ﬁe reducing

r o
eata]y&??f{‘ﬁ s@ﬁ%ﬂe%@p Il\ﬁﬁx H&ﬁ%&%a{ag@%ﬂ&rgﬁ %%Ye?i(})g @Qgggggrano gas, and
the reg&ecdtamezat @s emahsaecéby edet 4. conpart nment 10 from
exhaust gas stream 19. In step 52, valve 26 is opened.
5 r e )
 BOBHBP TR0 e BRI LR oo 2

again Ziﬁavt sk h”etgeaéreﬁoﬂi b&s thegehaCat ﬂeﬂi@v@ﬁcaﬁ@@t nenmviaby regenerating the
catal yst 14. By opening valve 26 the regeneration

SOx "egloéﬁﬂé\%‘ YshRircrscnd ¥ac o By {fRI0H Arlstgfhisstveed éhﬁ%ffhe How of the
regen&aligh gf'sttol'éact(;l;re%n{ %ﬁﬁlré { @)1 on gas regenerates Sx

r enov cat al yst I' s exhausted by val ve

26. 0003?} In step 56 val ves 24 and 26 are nodul at ed

t O@BPEct Ingskep %géﬁte%lﬁ |0@ﬁle§a@ integpducka pelfirgemgval gas to SOx
remox%ggzﬂ gtltl 61;'28 nc%\%ﬁae\ﬁef %ég \f)%h Vt e g’é‘l Lg%gava\ﬂ@ag & chng Towards
open vagelesiat thesugh e ﬁerrdivall\d’htztlﬁsmﬂd ’I‘ha|stﬂ$ur3rémaﬂ§i dabF@b@ s excess

NOx reduci ng catal st 12. In step 58, NOx reducin
sulfur cqptgfnyag corppquads H@V%Rt@aleayfr@méhpwé REPTOI NP gealgwmg catalyst

and the regeneration gas is exhausted by val ve 24.

[00038] In step 60, valve 26 is opened while valve 24

is closed. Opening valve 26 a%@}n draws the

r EHOABL at4Ber Yasranmralierial Bl rhepbeenl expases tpdhe sfur removal gas
for an églg%glﬁgyfttlﬁﬁﬁg . %5 1!3961%%% %qu g%n?asl’m%goseéglﬁndzss;tn sgep 66, inlet

22 clot;dfsedzﬁlhpﬁvm 06 ahdh 68 ﬁ&gﬁﬁﬁécﬁtvh% 2@&3508%@ ah@aghkt gas stream 19 is
onpartment 10. 000391 In step 64, inlet 22 is opened
introdyesd th cpwameEca 16k Hareut %mvag% ang AOREARHY Aggeneration gas

are reﬁ@@@ﬁlwﬁ&l éa?’n erd ﬂ?gncyf’é 0%126 remai ns open, the sulfur

renoval gas |s drawn t rds open val ve 26 and through

SOx renoval catalyst 14. The sul fur renoval gas
r B98dHs d» @é@@ersmbqﬂimé@mféhmmﬁgn@@nﬁ@mme@ﬁ@n gas is introduced

i BE A S, O LOBISL B 108 N M,

sequere eilexpaseth Fios.tshe sul fur renoval gas

[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 NOXx reducing catalyst 12 and then regenerates SOx removal catalyst 14.

The regeneration gas is exhausted from valve 26.



for an anount of tine sufficient to renove the sul fur

cont ai ni ng conpounds, in step 66, inlet 22 closes,
wa@l2009079808L6 and 18 are opened, valve 26 cl 0sesPCHIS007/087872

exhaust gas stream 19 is introduced to conpartnent 10.

fu : 1Ni r e el
TBOA U, LTRS8O £ STRLDLR, ORI 0
In onela amaodinteat, veivie@diisreloteddndtthe silfiveathvan gas h;entroduced \ 1a inlet 22.

regenerati on gas |s i ntroduced via valve 24. Suc
AlterpaiRie PofhecyipaRTHEAL 2isean PF radaewbivin natr o VWig: &hﬁ gulfuc

remo@z@ @%ﬁﬁ&bcﬁf&e@ %%%%%924 %al'v!s bﬁ' $¢ ﬁcﬁtc%ie% A Geadr eman%so open.

[ 042] Referring now to , as shown 1 n st

n@frs 16. and 18 are closed t her eby |solat|ﬁg
rég Yl coimsartiveRP ranaing eifte dsausir gawvat gasdninegn thpugh SOx

removﬁl%@ta&gt 1V VE e ARIMARIR £ Poth opened. In step 74,

a regeneration gas Is Introduced to reactor
&Eartnent 10 by val ve 24. Because valve 26 is open,
(M8henbrden Gh tesalTe ovislet hvdyeing &tléfger@n@taégaa\mes

valve r?%%llj eggncg(%n%&[e\ég fg %rgd ?QQ tnhﬁlerebgqgtrr]oe u%%lesengi%sé szﬁr,rgér{fo reactor

e T egeneratt on gas i S ex
cmnpmahmﬁlaﬁ [00043] In step 76, a sulfur renoval gas is

i ntroduced to reactor conpartnent 10. In one
and. the s r enova

o ST b0y it Setalv R RSSO TR PR B y 2 S Osed o the
Iegen&{dh@ﬂd Bad PR Vidle Y@Sci&RMo ﬁﬁreh&bfeQH@&@QyMk aTM@hM}% pfiod is

When the sul fur renoval gas is introduced via val ve
deterrpiped by theeabparpitign ﬁmacﬁy asétheapdimnet @a@atnabfﬁm h@vwertyplcaﬂy the

4 e
cataly%tg%gei/ %&ogég%ﬁhé/ g&rgt?% %aql%{%pastdﬁl elﬁ%(gl thé etoglmorfa nilﬂutes
and exhausted from val ve 26 [00045] In step 78 t he
Viﬂﬂﬂé7br Thrd s fur pamdligasng added te m¢a‘cwr Comqmlvmentg]aﬁsfor a time

6 I en,
vetwefy 838 1 b Gafcr iy enanend BAS0Te b b Bl Shis,
depen@RIFRArth&BiambRrs &ﬂﬁ@ﬂ@hcﬁ@sﬁs@ﬂpVa' catal yst 14 and

NOX redu0|ng catal yst 12 are exposed to the

for a ti.ne sufficient to regenerate
¢ FO3ET 21 L0t Tis Facheriioh sotrencs EraPAT bl By mimgss. The

addltl@p§%9tsﬁ1% r@ﬁ@@zﬁ' gta¥ R bl 8o W DB 181 sENeF tﬁ@tcﬁ%%?%ezleratlon

however, typically the catal yst's are exposed
time. &ﬁgﬁwemaﬁﬂoﬁ0@a@oﬁ@fﬂ@suHWafpewauﬁmm&hmhséezmmnmnoé

e L0 o TR oo
regene’i&lﬂﬂ% sedlerize @ONE@Slizikiiul e Wtb e gadded for up to several
m nut es,

[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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dependi ng on the paraneters of the particular system
[ 00048] Typically, the regenerati on sequence takes
w@bwman780g 0 10 m nutes. The addition of the suPdTUS2007/087872
renoval gas represents roughly 1% to 15% of the total
regeneration tinme. However, the introduction of the
: ; . gas reduces the anount of breakthrough
WHAHS SLAD & than 1/3 of the ampbunt which breaks
t hrough during the current regeneration sequence not
utyj. i zi o I ; 049 di.tion .
Lo dhgofil B b e TN €8s bRt te by BEH AT v e
exhausegasl tusamris borgheed whh kiSTx eapaal dayal oft wiHieh SDcdse®y@ltent of
catal yst as nore SO2 has been renoved fromit. This in

sulfur Qiidespa g Pdayss epeyicandeapinile pHBuSERS Pehegalter contacted

. | . i . i . S ri
i SRSl . 0L890, NGt LORLE Dbt L D
NOx redgeing cattalyon) tsef0e noso sl bablgatand N@x ardutiokabiayyst housed within a

elimnates the 'puff of sulfur, which is often
reactqr cpRRag meﬁﬁlp?‘?vﬁéﬂeﬂ ey BRECRE Pbn sequences.

Accordi ngly, upon re-introducing the exhaust gas into

the SOy thaRchc NP ohPHYGERFGARTIR! NS D 1R SHhfH gas stream;
puff is no longer entrained into the exhaust gas an

brought to the NOx reducing catal yst. WHAT | S CLAI MED
IS 1. (Prdiegchag hokehontiore ganvinioghaisotadeesagsi despdringmt for a

: u tream in the exhaust gas stream
time el%géc@%%@a%%eer%%\?\? ??{B%n%§&we§&n§\)f§?éufg}baﬁ y ¥S%Whi ch reduces
the content of sulfur oxides in the exhaust gas stream

and wher)eiftar tdgen@xiaiiht sgdsndysofttheNerf kiicitoedtagtiethen directing
ith a NOx.reduci ng catal yst which converts nitrogen

the regggegpélgntgas Nt thgrpelpies §ea§6)|¥ B%pwn?lﬁécommﬁééﬁ%tii‘ﬁgm regenerate
sorbe@@tﬂ@é@g?%o?@éat%ﬁ??%@é catal yst and NOx reducing

catal yst housed w a reactor conpartnment, the
i mprovenent conprising the steps of: (a) isolating the
r eact ofd)derpatar meroimrheromg the flbivon thd extaestexb atustm gasugh the

‘ st rear}]ga&s) directing a regeneration gas into the
reactor egPat eactor conpartnent for a tine effective to

regenerate sorbency of the NOx reducing catalyst; (c)

2. ahtiREthb@e0edial id@ainh e, mRrdeRprRingtthes®Psrr educi ng
catal yst, then directing the regeneration gas into the

i sol ated reactor conpartnent for a tinme effective to
r egeneflagding é‘?%@ﬁ%‘}ﬁr@fomﬁ_ﬁé ngoyher ieprioRtoner @ apé to regpiekrate
sorben%g)of %&%@fe{rﬁc{v&&%ﬁﬁ%@%f {4 Ezﬁ,eblIt lp%\évr &f stéphﬁj).ex haust

S Sstream

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

introducing a sulfur removal gas into the reactor compartment after step (c),
but prior to step (d), wherein the sulfur removal gas is introduced for a time effective to

reduce an amount of sulfur in the SOx removal catalyst.
4, A method according to claim 3 wherein the sulfur removal gas comprises oxygen.

5. A method according to claim 3 wherein the sulfur removal gas is introduced to the

reactor compartment for a time between about 5 seconds to about 30 seconds.
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reactor conpartnment. 2. A nethod according to claiml,
further conprising the step of: directing the
WO e@eneaset i on gas i nto the reactor conpart nentP€DUS2007/087872
regenerate sorbency of the SOx renpval catalyst after
ste r o [
6. i é A e(ha&i aip&%i n%tt#)] 9[&11{’1(:1 v?ltrle?giP&PQ {e g’neré c{ﬁe%ag%gm%glg%r aq 188t one of:
hydrolgbd, nmdut@ll 8, ﬁea@mloﬁm nseengmad of amlkm@tht—:feef react or
conpartnent after step (c), but prior to step (d),
wher ein the sul fur val gas is introduced for
T ikl ggeqr @gﬁ%d@gaﬁoﬁaﬁ%aﬁﬁu?ﬁen@faﬂ% B dfrRcipRano the
reactoP@Smip SRR byCAH BleY Meatel befv ERUROSORCEAE G BStalyRt zﬁldathg‘l\%)x
wherein the "sul fur renoval gas conprises oxygen.
reducmgtdatdlysaccor ding to claim 3 wherein the sul fur renovm
gas is introduced to the reactor conpartnent for a
et.ween ab ut, 5 5egan bout .30 secands.
8 m§t RSHo4ECEransg 3l eff”wﬁ%% FECREHRY aeSg‘é 8?%1?%? 8He Slhe
reacto@ @S mpOMPEMSHSa adlvé RAgkd 888 ceh thd WOk @gRRincNAtANBhndas,
steam other inert gases, or a mxture thereof. 7. A
dOWﬂﬁﬁﬁﬁb@“@%ﬁordlng to claim1, wherein the regeneration
gas is directed into the reactor conpartnent by an

| r
o, | b P R  SR TRl GRLBA AR o
rahmﬁgcmhﬁmemmimE@xnegewﬂmmmbent@mme%sddmmgnmﬁg.|nto t he
react or compart nment by a val ve | ocated between the NOx

redu0| cat al a downstream.danmper. 9. A nethod
for l{ﬂdHﬁmé)élﬁ? aH%{r&aé S‘f?agm%até%gg%? regeier epRagpent, the
by llééét bh& kdgtoR c!ﬂ?ﬁaﬂhﬁ@rﬂ%ﬁ@rﬁﬁ% al st re%lﬂraﬁca?%?ﬂ?%@%@d)x

catal yst, the method conprising: introducing
exdilaow cgadysst ream i nto at | east one reactor
conpartnment, the at |east one reactor conpart ment

conpri si re edu

cotnl y B B A AR i b S B S A E SR e
gasntshiRamonythe SORIragotvNeaaBiRt Al thaNCx RAudihg cép‘z@yst
renoval catal yst and the NOx reducing catal yst;

isolating at | east one reactor conpartnment fromthe
exhaustsoase 8t leagipne Feagon é@@pame@tﬁ@m@@ PEaud igagstream;

catal yst prior to regenerating the SOx renoval
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 1solated 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.
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catal yst by introducing a regeneration gas to the

i sol ated reactor conpartnent, wherein the regeneration
wa@amsomsvact s the NOx reduci ng catal yst and cOPCHUSR07/087872

the SOx renoval cat al yst t hereby renoving the

10. SALR oﬁaa@%érp ng[%%{ i .ﬂﬁegé ﬁgs%g@{h%tﬁlte&)gort{ he SO

r ermva r enoval
gas to the i soI ated reactor conpartnent, wherein the
S wlft%uisolaﬁngﬂ&l regasr dosnpafthent frve the exlensvesancanpiiad re@kbnerating

ul fur fromthe SOx renoval and after
the S@m%ﬂ\fé FHELYPRII P fq&ﬁn%ﬁ%élﬁt?ﬁéw%@ﬁ P¥tbduci ng
t he exhaust gas streamto the reactor conpartnent

11. WherRmhbdtbeo 3@ b erpyal wl?éi‘&ﬁ|tH§f€fg@£@at§&ﬁ€i§'@6nﬁ%§é§%ﬂ9® gen,

catal yst can sorb additional contami nants fromthe
naturaghasstamg athet MertRasest drednacwotldirerd. t o claim 9, further
conpri si ng the step of: after isolati ng the reactor

c a g t xhaus. o
12. r gxgn}élnglrog?l i % éﬁé}(ﬂ] %e%hoe\ll‘gpt %uh‘lS L mova,l g?s %06npnses oxygen.
eneraln the NOx re C|n taI
13 adtomr qugﬁl%a@%g%.r Pl criala %nda%la‘@ﬁ e catalys,
the ap@,gfmjslc%%rﬁmér ogen, natural gas steam other inert
gases or a mxture thereof. 12. A nethod according to
clagiamod dwhﬂem@; wherhia cmldramper spevadle] gabe odwpdises;

apparat u e ,
¢ IRl S PR R e TS B QT pgnerein e sOx
remo &P p@ﬁ@gm&mmmm@cmw 28 didpdHRe bStw R A dir MMBmpers;
darrper is parallel to the other danper; a SOx renoval

cavalvpslispapasisbwernpicalampter arsl e NOX @@l qagahcsé,t al yst
V\Q%r € stpgged% L& %D %}%l N%ﬂgred glflgl\lg)&%%/ %8('1

catalystrare di sposed vveen epa

valcugtralies polsecdinhked vaenllenepcdaspee damgetshe isshxe ﬂf%rﬂl%afemoval
a val ve di sposed between one danper and the

cat al ys
Catalywdﬁ%%wm@d%@%w@wt feriey 2y e@&%trgﬁm faptherpiagreinghe pentroller

o SEIAT LS 29S8 B e AR SE LEOL R B0 Pl
mixtuextheest thgagh thaf Ok eemuhe catalyst el thoMOxolelesing paaigtes

the valves to direct at |east one of a regeneration
gas, a sulfur renoval gas, or a mxture thereof

14. 1 !&BQ{?EH&M@ %cé@ﬁné eooMah 18akah%Sto er{ghaes rc!n%j\}ﬁ‘f biinlet

~ catalyst . appar at us accor d| ng to ai m 1
disposed btiveren dmﬁ}é@pcs&dxglrxg @Al ytand o regasszal a:dtzdystdwh@esﬁtie sulfur

remov&ﬁpﬁ%ygltve I?wfgoélvﬁ ?o? ﬁ | &?ﬁeftgt gllll usf"trenequ\SJaI thse SQx removal

15. An apparatus according to claim 14, where the controller operates the sulfur removal

gas inlet to direct a sulfur removal gas through the SOx removal catalyst.
15. An apparatus according to claim 13, wherein the valve disposed between the damper

and the NOx reducing catalyst is effective to introduce a regeneration gas to the NOx

reducing catalyst and the SOx removal catalyst.
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renoval inlet valve is effective to introduce the
sul fur renoval gas. 15. An apparatus according to
w@ba@snrdeds where the controll er operates the sedT/U82007/087872
renoval gas inlet to direct a sulfur renoval gas
th P I S
6. LU 0E, RNt YA, EELALIA) S ARREEILS e damps
and tlpet Qe esmd e cdalypiEes cfbdiviche eNasr d ugicngratai ghsysid ths sulfur
effective to introduce a regeneration gas to the NOx
remoy@d@dti ng catal yst and the SOx renoval catal yst.16. An
apparatus according to claim15, wherein the val ve
di sposed between the danper and the SOx renoval
17. caAmbpmstatisacedfdecg fovodaitol e Xides tomhesing g eqenartaiion ggaislet

. and the sul fur renoval gas. . appar at us. accor di ng
aispofgfbuirs s Sthe peH et ad b Oy BEBRRE S RBAC gac

i nl et di sposed between the SOx renoval catal yst and

the NOx reducing catalyst. 18. An apparatus according
18, t d\rcdmiaratus7accomlaraiorsldiimel 7c oiitrenl therconisolégpes apparsteleyy connected to
i connﬁct ed trg tt he regeneration gas inlet. 19. An
wregffbeé’?‘wsé Eor di ng to claim17, wherein the valve

di sposed between the danper and the SOx renoval

catal yst and the val ve di sposed between the danper and
19. t Hen NoRratuscsepdinectatciiinsl’/, whercaf the geive dispesashivatiedn thhdamper

ratj t sul fur nova s. 20.

and WSSO0 899 A0 e i Sl DBV s oLl 2 o

reductigepasgd akelffeeve fohahaanprregndrdibe N d BEYGIfGremoval gas.
catal yst is effective to introduce a sulfur renoval

gas to said reactor conpartnent.
20. An apparatus according to claim 13, wherein the valve disposed between the damper

and the NOx reducing catalyst is effective to introduce a sulfur removal gas to said reactor

compartment.
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