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(57) Abstract

An apparatus and process is provided for scrubbing sulphur oxide gas from combustion flue gas with wet limestone particles. The
process is carried out in a moving bed reactor (21) having louvered inlet (13) and outlet (14) sides which permit the flue gas to pass through
the reactor while the limestone particles move downward. The high velocity of the flue gas passing through the reactor causes some of the
scrubbing particies to be ejected through the outlet side of the reactor. Problems associated with the ejection of the scrubbing particles are
avoided by providing a slot alongside the outlet side of the reactor. The slot is sized so that the flue gas passing therethrough will have
insufficient velocity to entrain the ejected particles therein. Consequenﬂy.ﬂleparucleswmfallwthebottomoftheslotwheretheycanbe
recovered and recycled.




fs scrubbed by passing the flue gas through a bed of wet |inestone which
reacts with the 10 sul phur oxide contained in the flue gas to produce a

"sol i d r eacwiomsn@irduct (cal ci um sul phat e and cal ci um suPEHUS¥/1275he
production of a solid reaction product containing sul phur effectively
renoves the gaseous sul phur. conpounds fromthe flue gas. The

solid reaction product forns a crust around the |inestone particles which
15 nust be periodically renoved because the presence of the crust produces
a surface blinding effect which interferes with the reaction between

t he scrubbing particles and the sul phur oxi des. Thus, the particles
containing a crust of reaction product are - periodically regenerated by °
renmoving the crust so as to expose a fresh surface of scr.ubbi ng
material for reaction w thmtwvsnlAurmcasmmssmN CONTROL The present
invention relates to an inprovement in the configuration of a noving

bed of wet scrubbing material which permts the scrubbing to proceed in a

hi ghly effective and efficient manner. WO 96/ 14131
PCT/ US95/ 12756 DESCRI PTI ON OF THE .PRI OR ART
The prior art generally reli es upon the use of a bed of wet Iinestone
particles for B RO F 1 '

EIELD OF THE INVENTION

The present invention relates to the art of cdntrolling the emissions of acid gas,
particularly sulphur oxides (SO, and SO,) from flue gases produced in a coal fired
boiler. Sulphur oxides are formed when coal containing sulphur is burned in a furnace.

S The combustion process results in the production of hot flue gas ‘which contains
_ unacceptable Ie\?els of SO, and/or SO,. These sulphur oxides are generally eliminated
'or"reduce_d to acceptable levels by scrubbing the flue gas with particulate scrubbing
materials such as. limestone gifanules. Typically, the flue gas containing sulphur oxide

~ is scrubbed by passing the ﬁué gas through a bed of wet limestone which reacts with the
10 sulphur oxide contained. in the flue gas to produce a solid reaction product (calcium
| sulphate and calcium sulphite). The praduction of a solid reaction product comaining

sulphur effectively removes the gaseous sulphur compounds from the flue gas.

The solid reaction broduct forms a crust around the limestone particles which

15 .muet be periodically removed because the _presence of the crust produces a surface

bl ,ffect which ml:erferes with the reaction between the scmbbmg particies and the

sulf - oxldes Thus the particles contmmng a crust of reaction product are

penodlcally regenerated by removing the crust so as to expose a fresh surface of
scrubbing material for reaction with the sulphur oxides.

20 _ _ _ .

The present invention relates to an improvement in the cpnﬁguratio_n of a moving

bed of wet scrubbing material ‘which permits the scrubbing to proceed in a highly
effective and efficient manner.



scrubbing the sul phur oxide fromthe flue gas. Generally, fixed beds are
used such as described in U S. Patent Nos. 4,663,136 and 4, 764, 348

(the specwo ssastzins of which are 5 incorporated herein bpcrrRis§PASE) -
However, such fixed beds cannot be operated . continuously because of
the need to periodically regenerate the |inmestone by renoving the
crust of cal cium sul phate/sul phite therefromso as to avoid the surface

bl i ndi ng effect. Sucwwtatl ng the encrusted

| i mestone particl ust, of reactlon product. Once

h
the regeneration ﬁ%ﬂ'ﬁé’gﬁﬁﬂﬁuycﬁﬁﬁ@%ﬂ’"% a bed of et limestong pagsicles farn pe
used to scrubcrtumssméﬁﬁlmiur@xmdefr&rﬁﬂmﬂub%aiIG@n@ﬂﬁy fixed beds are used such &5' 9ure 1
shows a sinplifie Ilggv chepatic of a prior art fixed bed unit. In the
unit shown |ﬂ°$ﬁ'@gr'§ é%"ﬂé”@%t? 663, 136and, 4 J64.348 (the sreeificationy of which are 5

condi ti onSd  inorbixaied herein 489S iefenchE MWL, Esugl FixBd Hedd linglBE Gpbraf@l! NO | S

achi eved by adding water via_ an atom zi ng nozzle 2 y I'njecting
live steam i FANENYOVSlY becawsref fbyn#éammvdwaﬂymemme the limgstonpthy removing i oned

fl t
\mfghgﬁi Spe?g?gglt ;@?%ﬂkﬂ{n %ﬂﬂa&@l@ﬁgm E?aglc?ét 'Fetﬁ'he p%cflt%?@{hggeare

coat ed wit h effect. Suchregenerstion\eaquires apitatinfi the endrusiedoliméstone panticies nmprealonpr i se

a renovabl e stone ma e wet by
spraying wi tﬁﬁg%g:hhféagkegg? ay‘;er?d'f:‘ft ?HCJ We%%%u%geppé % hr ough

t he fixed0bewdstn phossgainbe useitosommb tbbmlpmieoxﬂeﬁnsomeﬂie gas. f romthe flue
gas into the water filmwhere it subsequently reacts wth dissolved
limestone. It is this reaction which is believed to produce the crust of (

cal ci um sul phat e Figure 1 ahaivssa$implifies ﬂoﬁnmhmkmfm@rﬁmﬂmwumtmrwl I mon
the limesto [ cal nce dr ne, does . not .Jreadily react
with sul phu%fﬁcﬁg ¢F“ﬁ1&’ f'luelf@sguoérs a‘l‘ﬁ?yscb?'ﬂﬁeﬁce)‘dw‘ﬁrﬁg 15, gondjtioned to dr awn
out from t helefired temperstutehand| humidityon Cohditloriig Bnachieve By agting Rvaé} Wa dnan

6 and areg retur.ned to ct,,7.leading.to a stack for elimnation . into the
at rmsphe?se % noz2le and(qr by inj ve §eam into, B¥ dreghs 9f; iRjestory e

particles i 3. tThe condittoned flie fa3'entery d felictor 4 which conrams the fixed bed of limestone
which is preferably wet with just enough water so that the parucles are coated with a
film of water. The fixed bed of limestone may comprise a removable basket fi lled with

limestone. The limestone may be wet by spraying with overhead sprayer 5. The flue
20 gas passes downward through the fixed bed of limestone. Sulphur dioxide is absorbed
from the flue gas into the water film where it subsequently reacts with dissolved
limestone. It is this reaction which is believed to produce the crust of calcium sulphate
and sulphite. The presence of a liquid water film on the limestone is critical since dry
hmestone does not readlly react with sulphur oxides in the flue gas The scrubbed flue
25 ga:e&a’re drawn out from the bottom of the limestone bed by an mduced draft (ID) fan
m-remrmd to duct 7 leadmg to a stack for ehmmauon into the atmosphere

It is known to use a moving bed of lrmestone particles in the prior art for vanous

purposes One such apparatus is described in U.S. Patent No. 3,976,746 (Shale ez al.)

30 However, Shale reports that the crust of reaction product must be penodical!y removed
in order to regenerate the limestone for further reaction. The periodic removal, -
according to Shale, can be accomplished by mechanicil agitation. In order to
accomplish the required'periodic regeneration of the limestone, Shale ez al. provides a



pihrposes. One such apparatus is described in U S. Patent No. 3,976, 746
(Shal e et aL) 30 However, Shale reports that the crust of reaction product

st be perwodsadisty renoved in order to regenerate the PCTESISURTS6T Or
further reaction. The periodic renoval, according to Shale, can be
acconpl i shed by nechani cal agitation. |In order to acconplish the
requi red periodic regeneration of the |linmestone, Shale et aL providé€s a
2. WD 96/ mecharical device such as a vibrating screen to remove the reaction crust from the

PCT/ US95/ 12756y ggchanl cal device such as a vibrating screen to
remove the reaction grus fromthe =~ limestone particles.

Whenever flue gas flows at a high velocity through a novi ng bed of

here i 8 a t endency P i s w2 R xRBciBGRABR ooV S8 ol Pl *'
particles, §o0 pagiclea Suckds d\eenomgibe‘dmmtbyd b Shaledr al1, uhare is a tendeiney ﬁmhedue to
e Lor e o il ot PSR P L e O sod B il o,
t he bed. the bed due to the force of the flowing.gas passing through the bed. The carry-over of
the scrubbing particles results in an undesirable loss of limestone from the bed.
Furthermore, the scrubbing particles which are lost due to "carry-over" will become
10 entrained in the flow of flue gas uniess speciat precautions are taken. Therefore, these
~ carry-over particles will be easily drawn into the ID fan which is typlcally present for
assisting in-the flow of gas through the system.

.-Shale er al. fails to provide any mechanical means for reducing the above-

1S  described carry-over of scrubbing particles. Thus, if the operatoi's of a SO, scrubbing
- device wanted to minimize the carry-over, they would have to install a screen or fiiter
or reduce the amount of flow gas through the bed. Both of these approaches are
undesirable. A filter or screen would become clogged over a period of time and produce

an undesirable pressure drop across the bed. Reducing the gas flow would produce a

20 commensurate reduction of efficiency. '

- It is known in the art to contain a moving:bed of particle_s in a device having a

series of louvers on the gas inlet and gas outlet side of the bed. The louvers may be

' desxgned with sufficient overiap to help contain the particles in the bed while aliowing

25 thega et -pass freely through the bed. Figure 2 illustrates the baslc configuration for

Moving beds having louvers are disclosed, for exampie, in U.S. Patent Nos.
4,670,226 (Furuyama er al.), 5,160,708 (Kodama er al.); 4,254,557 (Mayer et al.) and

30 4,254,616 (Siminski ez al.)

* The use of louvered moving beds per se without any modification have been
shown to be inadequate in limestone emission control devices. For example, in early
experimental work which lead to the present invention, it was determined that a LEC

3



Furt her nore,

w |l becone
precaut i we

easily drawn into the ID fan which is typically present for
in the flow of gas through the system

provi de any

carry-over c(iinsmnﬁtdniisa@pnmmn: inesing bedipijot ipfant which pelied oolyonahe budicRto

‘scrubbi ng
install a's

10 entrained in the flow of flue gas unl ess speci al

the scrubbing particles which are | ost due to "carry-over"

9en43t aken. Therefore, these carry-over pacIesess2rsel | be

mechani cal neans for reducing the above- 15 described

regnd B4 L ' B b o Bl AONET o e

assi sting
Shale et aL fails to

have to
rough

t he bed. Botlhnesione fromaheibgal waairewn imethe outletipishan mt:hhsequknﬂy irft® thedD Screen
woul d beco d over eriiod of . ti and ,pro ndesi rabl e
pressur e d;ng. fa Pl‘Pé'e‘ﬁ@H‘?‘ Fsmg’i“ﬁé" % %’BWP 3‘33 -2 20

comensurst ecteadwe's ar@idhed( to @il insitle (Tidestone bed side) of the outlet louﬁerklimwaezi @ the art

~to contain
| ouvers on

bed .of. npar les in a devic hav seri
Whesipe i he(betso Sy the GrERencsrot thacscised inrpduced gadtiee

desi gned w bbersm:ian fioBidin, OUP parfibuldr) dBAp Hined Wesd aeaoh&dwmeqb@& wmch
while allown th gasto pass freely through t he bed. Figure
illustrates: M&Q‘%@SMQ&HEMM‘W‘“ e pregsyrs drg Wﬁiﬁgﬂ’

Novi ng_beds pafviTg phpHE (. adnﬁdﬂgﬁsd 16 Qfeen oREurRUHI Pamdb“at%e%og f,va

4 670, 226 (
)an

Furw!{ 708 (Kodana et al) 254, 55
bed) which ig ¥ rthe giost @ectetepart of the bed. - As’a masult of theoscraen

mDVI ng beds pfifdingSs thi toh Utthebrd, tHatulei gasWollid Bagihco 3% preferentially through

the bottom portions of the bed which are normally the least active part of the bed. This
action would result in a simuitaneous increase in pressure drop across the bed, a

decrease in SO, removal performance and a decrease in the flue gas flow rate.

15

20

30

Att_empts have been made to minimize the carry-over problem by adjusting the
size of the limestone particles. . However, larger particles which may be- sufficiently
heavy to eliminate the carry-over problem are not as efficient as the smaller particles in
their ability to remove sulphur oxides from the flue gas. Combinations of laige and
small particles have been observed to combine the worst features of. both.

Attempts have aiso been made to overcome the carry-over probiem by adjusting
the design of the louvers. It would be expected that larger louvers with sufficient
overiap- would be adequate 10 avoid carry-over because louvered dry scrubbers

m.. However, it has been determined that using louvers sloped at 70° which are
11' long with 2 3 172" overiap failed to prevent carry-over.

Obviously, it would be advantageous to have the capability of scrubbing large
quantities of gas in a short period of time. Thus, it is desirable to operate limestone
emission control systems with a high flow rate of flue gas through the moving bed in

~ order to attain this capability. However, higher flow rates are associated with a greater

degree of particle carry-over especially when Sinaller more efficient sized particies are
used. It would be desirable to be able to use smaller particles without the problems

4

es of -
anRthers may be
he bed

|ng bed.
fent Nos.
yer et
uver ed

B 9 : similarly sized limestone are said to be useful for removing particies from a -

K



shown to be inadequate in |inestone enission control devices. For exanpl e,

in early experinmental work which lead.to the present invention, it was
det er m ned wé ka3t EC y PCT/US95/12156

WD 96/ 14131

PCT/ US95/ 12756 (It mestone em ssion control) noving bed pil ot

pl ant which relied only on the |ouvers to retain the linmestone in

]'Ehe beﬁ de.dnessoﬁﬁeM . @aﬁ-&d@%ﬁem&lﬁmmlp%ieﬂba\@ﬂﬁggbimmalmamvblhmae' hstone
romthe bed was dr Lnto the outlet plenum and .subseguent i nt e ID
Fan 1 - or der i SR in ey Rl Brovie e B SeEn sPORbiAH SBEAIT Y 8 SR oot
the 1D fan, athis freatércscAMBingRepabilityd eleaystbil chieffactivdlyl Scrit) Nuegak Avind£Righ | de)
of the outlet |oquvers in order to keep the |1 nestone in the bed.
However, the PHRWEQXIdeGPNENRe screen introduced anot her oper at i onal
problem I®g particular, danmp fines were deposited on' the screen which

resulted in pIuggiRﬂ and a significant increase in the pressure drop acr oss
the |imestone pEthe aampss 1o eliginatsdhe qarrycover of limpestonein apefficieat meyisgn
occurred NSt pdgAithedd isti 1 hefiBauats. qq,(,gqllc,f!,ye,; nost
reactive part of th‘g\‘%g@s l%?dg&?;?&ﬁﬂ%ﬁ%%g&i@?&@hﬁ& ~ bl'ndi ng ’gtP t he’
top of the bedlongfelt needdn theartyoprovide g selution fo| this psekiem witheyt srerificing theigh

t he bottom pog il Erm ' e I ) SHedol ¥vidgart of
t he bed. Thi sg'ﬁﬂhgpﬁx@écf | Onxn%ﬁ%ﬁ%c@?ﬁ?tﬁ%@il%s gﬁg%ﬁgéé %cr egg{%migh
pressure d@op across the bed, a - - decrease in SQ2.renoval perfornmance

and a decrease in the flue o3gmhAkY YPTHE INVENTION

It is an object of the present invention to provide an efficient limestone emission

- control - system and moving bed therefor which can operate at high flue gas flow

15  velocities to provide enhanced efficiency without the undesirable effect of particle carry-
over in the system.

- It is also an object of the present invention to provide an improved moving bed

for a limestone emission control system which allows the use of small particles for

20 enhanced scrubbing capability without the undesirable effects associated with limestone
particle carry-over. | |

It is a further object of the present invention to provide a limestone emission
contro_,l:--systzm and moving bed therefor which has the capability of regenerating the
25  limesegne:particles therein without the need of a mechanical agitating device specifically

These and other objectives are achieved by providing a mechanism in
combination with the limestone moving bed reactor for entrapping and recovering the -

30 carry-over particles which leave the bed. In a broad embodiment, the mechanism

~ utilizes a slot on the downstream side of the louvered moving bed reactor for receiviilg

the gas and carry-over particles from the moving bed. The slot is sized so that the gas

flowing therethrough has insufficient velocity to entrain the carry-over particles.

Consequently, the particles fall to the bottom of the siot for recovery so that the gas can

5



15 Attenpts have been nade to mnimze the carry-over problem

by adjusting the size of the linestone particles. However, |arger
particl ewowérptazsnay be sufficiently - heavy to elim nap@-mjsgslmggy over
problem are not as efficient as the smaller particles in . their

ability to renove sul phur oxides fromthe flue gas. Conbinations of |arge
and 20 small particles have been observed to conbine the worst features of
bot h. exit the slot withbytcanp icarryraver paiticies. bmnsrfwm‘mingehe:mﬁcmhﬂuch

carry-over \ e design of the |quvers woul d be
expect ed tha?%%?%gfé’e\ﬁﬁﬁmﬁwpﬂ té’n"f’"‘g the e pathcle 58"?%5’6’? 'hé’

adeqijatfa t o theyodad beawm:aﬂyeemhecwm réacwtb .erie]cdmdfeundiﬁrsmé@w?fo Qﬂi‘Bhal i ni ][19

2 O L e oo L e o o e 33 e forch RS g Touvers
sl oped at5 70[err] "which are 11 long with a 3°1/2" overlap failed to
prevent carry-ov Qobviously, it wuld be advantageous to '

have the capabil &Wﬂ*‘esﬂ\e@oﬂﬁaﬁd’ﬂ’&%e"% small -particles sych, ps gﬁﬁssnl'nme"dhort
period of t irégtion Brust or bmbﬁa@k%-‘ﬁké PhhiRlel WHAEMEY De! foftRct S‘%Q%e ti nSS' on
Vi

control systens with a high flow rate of flue gas t hrou g bed in
order to at @brasve fﬂr@swmcmby\smameaevmmihgﬁmm Jhesesmall pamiclesiareoci at ed

mor b ot § o) oot be confiBbeR GimaRet pitier B AifbeF BPAR Biplok! T T 0L

nore efficient size
able to %e@ﬂ‘ameequdp'aﬂw dmaysbevsized oot thatithe garapypearscrubbing particles are not

4 entrained in the gas flowing therethrough, it is possible that the smail particles like the
fines, dust, removed reaction crust, etc. will be small enough so that they wiil become (
entrained in the gas flowing through the outlet siot and consequently, these smail - |
particles will not fall to the bottom of the slot.  Such particles may be removed by a

15 screen.

The louvers are desirably designed so that they are large enough to provide
sufficient overlap to minimize the amount of carry-over particles which leave the bed and
enter into the slot. No filter or screen is required in the moving bed to help: keep the

20 particles therein and, in fact, such filters or screens are preferably avoided in the present
invention since they tend to clog with wet limestone fines and thereby produce an

undesirable pressure drop across the bed.

. As a resuit of the present invention, a greater flue gas flow can be used without

25 '.'_,'_'_"'"':' j"'inldesimble carry-over: of scrubbing particles. Furthermore, the bed can be
d:with smaller sized scrubbing pamcles without the undesirable effects associated
wrth carry-over The capability of bemg able to use smaller sized limestone particles

(or equivalent particles for scrubbing sulfm'.oxtdes) results in improved efficiency due

10 the higher surface area to volume ratio of the smaller particles. The greater efficiency

30 associated with the present invention permits. the use of a' smaller. sized or compact
moving bed and results in the ability to effectively scrub flue gas-'eon.taining a more
highly concentrated amount of sulphur oxide. In- addition, the greater efficiency
associated with the present invention permits removal of sulphur oxides from the flue

gas with minimum contact.time between the flue gas and the scrubbing particles.

6
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WO 96/ 14131
PCT/ US95/ 12756 associ ated with carry-over because smaller
particl es h&o96a4tdlgher surface area to vol une rati o, BRODUSINR2TS6hey
will provide a nore efficient scrubbing capability. As a result of
this greater scrubbing capability, the systemcan effectively scrub flue
gas having a high sul phur oxi de content. Al of the

attenpts to el iGonsequentlyhthe samubbing pamicies mioving downwardrin ske beads ¢apibe allowrstong
bed |i nmestone 1,3 S rhgg&gt ol . Egm 'ﬂ?ﬁﬁ! f"od{b@{aﬂn us,
there exists %v;saggl ong f‘rgfbtc't}?\goz |n&ta%§ %ﬁ&\éﬁ% %?%f@%de a <Sol‘u |c§1&?o
t hi s probl em wimdvingtbed at a igfeater speed lof downward soiving partisies delps keeps theparticles
ef ficiency of | | ] . 171 SSi . ' _
SUMARY OF THED Mﬁ&%ﬂ&,&ﬁ@é&f Rinidtiidégipe %s‘gﬁ% ?Jeﬂé{j&é‘?ﬁﬁ H%“é&é%%‘r??
i nventi on t & pondiepartivte saffaces] willt fusel ortbsitigenhe partisies wgether. Secandly, thelgreaest em
and novi ng bed _t her ef og whi ch. can ogerat e %L?%B)gp fl ugh%as f] ow 1';'3
velocities to [BRSYRCL OLHY PARIClEs i the dpwpward gice servh, 1 Fpgsade;the particies:and o o
pg_r ticl ef caL r'y thus aids in ¥ @émaval 6fhe ﬁed&idh_r&dust. It has been obéerved i_hatjtﬁeb gléeﬁ. can f
obj ect of t enséesent i nvention t rovi de, an i nproved. ngvi.ng be or
a |inmestone e g?%%ﬂﬂ%ﬂ%@@ﬁﬂ?memﬁm@étw SISy SEpaRAElY | ¢ o5
for installed attritor mechanical vibrator or similar device due to the action of the particles

10 in the moving bed and a screw conveyor which conveys the particles from the bottom

of the bed for their return to the top of the bed.

BRI 1F N

15 . Figure 1 is a schematic representation of a prior art fixed bed limestone emission
control device. '

Figure 2 is a cross-sectional view of a conventional louvered moving bed reactor.

20 Figure 3 is a schematic representation of the flow of gas through_ a moving bed

of wet limestone particles.

. Figure 4. is a schematic representation of the overall system in which the
_ hmestone reactor of the present invention is used.

.25 . _ _
sen.Figure S isa cross-sectional illustration of an embodiment of the invention which
‘uses-a plurality of moving bed reactors. '
Figure 6 illustrates the details contained in Circle A of Figure. 5.
30

- Figure 7 illustrates the reactors of the invention contained within a housing.

Figure 8 is a cross-sectional view of the moving bed reactors along line A-A of
- Figure 7.



20 enhanced scrubbing capability w thout the undesirable effects associ ated
with |inmestone particle carry-over. It is a further

obj ect o{wg fPapFeSENt invention to provide a |inestone en pgrRRes/12756
control system and noving bed therefor which has the capability of
regenerating the 25 linmestone particles therein without the need of a
mechani cal agitating device specifically installed for this purpose.
These and ot her piuR0J is\eiievd bf the @bpaH1asl aldkg BhOBIBlbfEiggreTeChani sm i n
conbination with the |inestone noving bed reactor for entrapping and
recovering the 30 carry-over particles which |eave the bed. In a broad
embodi ment, the pRERATY SHdws an abilabivé ZRVicd wHid niaf delised WWTe4 ibde of
the | ouvered noving bed reactor for recelving t he gas and carry-over
particl es flimasionedn thiyinventiognd. The slot is sized so that the gas

fl owi ng herethrough has insufficient velocity to‘entrain the carry-over
particles. Consequently, the particles fall to the bottom of the slot
for recovery so that pEDCDESCRIF P THEINVES '

PCT/ US95/ 12756

The limestone emission control system and moving bed therefor may employ
10  standard sized limestone particles to remove sulphur oxides from gas such as coal fired
oiler flue gas. In the process, hot flue gas is contacted with a moving bed of limestone
particles which can vary in size from 1/32" to 1/4" in diameter. The limestone granules ‘ -
are coated with a water film so that the sulphur oxides can be absorbed from the flue gas
into the water film where it subsequently reacts with dissolved limestone. A layer or
15  crust of reaction product, primarily caicium Sulphate and calcium suiphite, forms on the.
limestone granules as thé reaction proceeds. The humidity of the flue gas may be raised
by conditioning the gas with a water spray or live steam through the use of appropriate
nozzles or injéctors as illustrated in figure 1. Likewise the limestone may be wet by
conventional sprayers as shown in figure 1. Enough water may be added to the top of
20 the moving bed of limestone particles so that the limestone particies remain.wet- until
they reach the bottom of the moving bed where they can be discharged as dt"y particles.
As shown in figure 3, the film of water evaporates as the particles descend through the
moving bed 8 due to the action of the hot flue gas passing through the bed in a generally
horizontal direction. Thus the flue gas enters. the wet limestone bed 8 on one side, the
. v'rqmds as the gas passes through the bed and then the desuifurized gas exits
GPposite side of the bed as illustrated in figure 3.

25

Although the system may be operated so that the limestone exits the bed in the
dry state, it is desirable to keep the limestone wet for as long: a period as possible

30 because if the _liméstone particles dry out prematurely before they reach the bottom of
the bed, then the lower portion of the bed containing the dry particles will be essentially
inactive. The position in the moving bed where the particles pass from the wet state to

the dry state is the drying front. The position of the drying front can be controlled by
known techniques whereby the parameters which determine the position of the drying
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therefrom so that ' they can be eventually returned to the reactor. A
convent i onawosssrgIiconveyor which may be located at thRCDUSISAI
the slot may be used for this purpose.” 5 O course, there
may be sone very small particles such as fines, renoved reaction

crust or other dust-like particles which may be forned due to attrition or
abr asi ve f or cefrootare regulatedu Tbese panameterscinciude température-and dymidigriof thedlue gasoal |

particles are _ . nsJ eS¢ 1] he
pur poses of thlths? lle“ eﬁé%ﬁ@%ﬁﬁ’gwﬁymﬁé&oﬁﬁﬁmﬁﬁ% f eﬂéllL zed
so t hat the cagasyis conditioned wtiahxrage id svithi wedter s then ¢hensowould be lmbmrmalempdmnnt he
gas flowing th ppssib S e the
fines, dust, §fmé‘5¥ %Pgl%? Pgﬂdﬁsr u@t'ﬁ&e?%”%\n ﬁa{nt'g w@*’“@noué’%"@“’%‘ﬁf t hey
wi |l becomes moving ibed. am&enhmxmt)t ey lzaagﬁlhmdnmmmhsecmghvapmmﬂ vedterfromt  and
consequently,. hese icles will not f.al | batto of

to th
the slot. Such é?; %?eﬂéy'g%ffﬂ%m at the,point whege, the e particies exit a The
| ouvers are dembabbv e Bedd N Hnfidityt Feglilatiblt Ynag! s hohieyed «byauﬂhmt@namemngie

sufficient overlap to mnlmze t he anpunt of carr¥ over, particles V\/mch

| eave t he bed iques whichinyglve the intrqduction ef wager pf steap the. flue. gas. o Th
required in t hRedtioni gthd 8HidgOirdit | cin bemeh&eﬁﬁwge i %'&?rd@ét&sﬁ:?%e' n
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15 the rate at which the pamcles are removed from the bottom of the bed. -

The invention may use a typical louvered gravity bed such as the bed shown in
figure 2. The bed shown generally by reference numeral 9 in figure 2 is situated
between a series of inlet louvers 10 and outlet louvers 11. Particles enter the bed from

20 the top as shown by arrow 12. The particles flow downward due to the force of gravity
and then exit the bed at the bottom as shown by arrow 13. A stream of gas enters the
bed through the spaces between the inlet louvers; passes through the bed and then exits

 the bed through the spaces between the outlet louvers. The general flow of the gas is
depicted: by the arrows '14. '

thereﬁ)re, the size and shape of the bed: is defined by the placement of the louvers.
Typically; the iniet-and outlet louvers are identical to each other and are horizontally
mounted on an angle on the inlet and outlet sides of the moving bed and are sized and
30 configured so that the particles can move downward by gravity without falling out of the
bed. Each louver has a width which extends in a horizontal direction so as to define the
width of the bed and each louver has a length which is perpendicular to its width.
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20

30 .

are preferred with an angle of about 20° from the vertical being most prefe_rred. A 20°

angie resuits in louvers having a 70° slope. . .
The outlet side of the moving bed is aiso a vertical wall comprised of a plu_rality

stack of overlapping horizontal louvers whereby the spacing between the overlapping
louvers define passages for the passage of gas therethrough (louver outlets). The vertical
wall of fouvers which cpmprise the outlet side the bed preferably lies along a verfical
plane which is spaced. apart from the vertical wall of inlet louvers so as o define the
thickness of the bed through which the gas will pass. Each outlet louver is angled with
respect to the vertical plane so-that one horizontal edge is higher than the other
horizontal edge with the lower edge of each louver being.claser to the center of the bed
than the upper edge: so that the particles do not fallout:of the:bed on their downward
passage. Thus, it is to be noted that the louvers on both the iniet and outlet sides of the

movmj bed are sxmllarly constructed.

L Generally, sharp or narrow angles are ptefeM--fg; angling the louvers with an
angle of about 20° from the vertical being most preferred. _Preferably, the iniet and
outlet louvers are-the same with equal angles, spacings:and oveﬂapso that the inlet and
outlet sides of the moving bed are bilaterally symmetric with. respect 1o the column of
particies which form the bed. '

qhat he

articles
t hus

aSedgeaauﬁb&.er WRidies Bt the

perated and the encr ustecfbl [ mastone partlcl es can be

" of spaced apart horizontally mounted generally paraliel flat plates which form a vertical |

The inlet and outlet louvers are angled and spaded so that there is sufficient °

overlap to prevent the particles from falling out due to their downward movement in the
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installed attritor mechanical vibrator or simlar device due to the action.
of the particles 10 in the noving bed and a screw conveyor which conveys

the particl 30 96/1413L he bottom of the bed for their retuPCTESMAISE op
of the bed. - : BRI EF DESCRI PTI ON OF THE DRAW NGS
15 Figure 1 is a schenatlc representation of a prior art fixed bed
| i mest one em ssi on control device. gure 2 is a

cross- sect i onaibedi éwd df2"pvedar s refemed. Alhquehdhe ansle snd ‘[’)‘@H"R Wil prgyent thep
Figure 3 is a $aHRERfiom faﬁﬁu”geo%?ﬂfxéﬁd e dewmivald ﬁlévemeﬁcf ofais phlﬁaeyﬁhm@ ving

bed of wet |1 nmestone gartlc Figure 4 is a schématic
represent at i on seme paticley wilkleavesthe bedhihirpugitthe: spacsschetween the outist lonvery duetoor  of

the present i nm u al -
il lustration of an 2’06% éf&é§€w%§%sﬁmglﬂhe\%d}ﬁ°| %-9 ﬁnéﬂ&ﬁd? tﬁéges a Jttjdragl ity
of noving bed peavides asmechanism for removmgFﬂxgpermmB:lesldrdaﬁem them fnemaheinx
contained i n CopehififinHe fds MY in°orde to prevent the particles from damaging the system,

especially the ID fan or fans associated with the system.

| Figure's illustrates an embodiment of the invention which uses a plurality of

10 moving bed reactors, each of which has louvers as described above. Each moving bed

reactor is capable of holding a moving bed of limestone particles which move downward

due to the force of gravity. One of the moving bed reactors shown generaily by

reference numeral 21 in figure 5 is defined by the space 12 located between a vertical

stack of inlet louvers, one of which is indicated by reference numeral 13, and a vertical

15 stack of outlet louvers, one of which is indicated by reference numeral 14. Additional

moving bed reactors are generally shown by reference numerals 22 and 23 in figure 5.

It will be appreciated that one can make the bed taller or shorter depending upod the

~ number of louvers utilized. The louvers are spaced apart from each other in a vertical

direction so as to create inlet spaces (louver inlets), one of which is shown by reference

20 numeral 15, and outlet spaces (louver outiets), one of which is shown by reference

numeral 16. In operation, the flue gas, which may be conditioned to a desired

temperature and/or humidity, is directed toward the inlet side of the moving bed reactor

by a chamber or conduit such as the inlet 17. The inlet is preferably in the form of a

~ slot which extends vertically along the entire reactor so that the flue gas can be evenly

25 dxsmbutedvmme inlet spaces such as inlet space 15. The flue gas passes through the

mte&.@tcesand traverses space 12 before exiting the reactor through the outlet spaces.

The gas flow is preferably effected by means of an ID fan which is located downstream

~ from the reactor. As the gas traverses space 12, it will come in contact with limestone

particles “}hen- the particles are on their downward gravity driven descent through the

30 moving bed reactor. The particles are shown by reference numeral 53 in figures 7 and
8.

- 11



Figure 7 illustrates the reactors of the invention contained within a

housi ng. Figure 8 is a cross-sectional view of the noving bed
react or s voo 9grigibt ne A- A of Fi gure 7. PCT/US95/12756

7 WD 96/ 14131 : o ,

PCT/ US95/ | 2756 Figure 9 is a view of the apparatus al ong
line B-B of Figure 7. Figure 10 shows an abrasive device -

whi ch may be usedctubbing ganizleainiets H9 are provided ngrs thenepiof théireacton Vo tieon. S

EEREQ:EEE[E)DDEWTL o (P:meIuHxlxze pamges tlherem Scrubbing particle outiets 20 are pravxded AN

on the bottom of the reactor for the removal of limestone particles therefrom.

5 * The flue gas passes into a receiving chamber such as an outlet chamber or
conduit 18 after it exits through the outlet spaces. ' The outlet is preferably in the form
of a vertically extending slot which lies along side the entire outlet side of the moving

bed reactor.

10 ~ Conventional devices such as live hoppers may be used in conjunction with the
. scrubbing particle inlets at the top of the bed so as to prevent leakage of ambient air into _
the outlet gas siot. - The scrubbing particle outlets at the bottom of the bed are adapted ' (
for linkage to conventional screw conveyors such as the twin screw conveyors 24 shown

in figure 8. -

15

Preferably a plurality of moving bed reactors will be used. When a blu‘rality of
reactors are used, they are' preferably contained in a housing such as housing 25 shown
in figure 7. In addition, when a plurality of reactors are used, they are preferably
arranged so that outlet and inlet slots may be shared by adjacent reactors. For example,
20 adjacent reactors 21 and '22 share outlet siot 18. Likewise, reactors 22 and 23 share

inlet slot 24. However, the invention does not require this type of sharing. -

The inlet louvers of each reactor are prefe’rabiy sized and angled so that their

- upper edges lie along one vertical line and their lower edges lie along a second vertical

25 'lme gherem the first and second vertical lines are spaced apart from each other. For

lgs. in reactor 21, inlet louvers 13 are sized and arranged-so that their upper edges
lie along*vemcal dashed line 25 while t.henr lower edges lie along vertical dashed line 26.

Lines 25 and 26 are 4" apart in the embodiment shown in figure 5. The remaining inlet

and outlet louvers are similarly arranged in the embodlment shown in figure 5 so as to

30 create iouvered inlets and outlets which are 4" thick. In the embodiment shown in figure

5 the stacks of inlet and outlet louvers are spaced apart to create a 15" thick space for

the moving bed reactor. '
-
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The 1i mest one eni ssion control system and novi ng bed therefor may enpl oy
10 standard sized linestone particles to renove sul phur oxi des from gas
sych as coavobsnasi oiler flue gas. In the process, hot POINES9YAZISE S
contacted with a noving bed of |imestone particles which can vary in
size from1/32" to 1/4" in diameter. The |inmestone granul es are
coated with a water filmso that the sul phur oxides can be absorbed from
the flue gas . It wiflcbet dppreviated frofn thenforkgoing d&scnmioaelmdwtﬂup gag wilt flowii t h

o or ol pn it S6ae 12 gt XGhe A yin 8 spicey Blewlin 8 i 16l 38 Highee D HsBR ' 'V
A s"m“'t".)g%‘fmﬁfﬁmafbﬁmﬁgﬁffﬁmq’mw?’éﬁ’ﬁf
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figure 1. lg kewnﬂﬁ:&ﬁe this mmtmfuagmﬁe REch\Réprda¥ntative spa&pnmgasom&ngsm ayers
as shown in figure_l. Enough water be added to the of 20 the

nmovi ng bed of TaFRQE S GFFE"-";}BR pytle gat % ke wise 1, gas| from £33519E QF’L"F’C‘F‘E"é‘g'l‘ #wai n
wet unti | owh aidets %amrﬁ:m% H%héronkﬁfowt be skBws £ éaeeng«ﬁaeae sid?98 from be

di scharged as dry particles. shown in figure filmof water
evapor at es asTreapier Shthrough gre @MS@FN‘M%@HUOUEhWh'ﬁ%WPS@MSM to

the action of g {chif tﬂﬂégbqﬁé ?c@ |

hori zontal di rercktgf on. oW§ the f ugmggsﬁ%?grﬁ &dnl?ldrre@gtone E‘Hd 8 on

one side, 0hecqmgmon ms&ulmdﬁ (ikavdissel gascflowing: thgough eletuios 24 passesgntotadiacastd and

then the desulehrp 1 | t he
W% th%ﬂig&?he spaces between thE l%@kﬁ%oaﬁéﬁ%% ah& 35 lifiGirded

bed as il l ust rat he syst em nay be
operated so tmatdmeumnl efrrmw ofi ghecgas: thraugh mdepmsmmve space begyveen thecinlet t | s

desirable to t S Q!ﬁ: 30
because if t hiéﬁ ?r%%t o#‘&g %R@zge %&&Lﬁts pre ur‘z'féy ef.or eﬁltt?]’ey reach
t he bottom ofmameraidiascrﬁhed font:bmmrme (Dme.ehe gesrentersthe butleh slotseill camthembei ng
e oY o2 e o 4 S S5RBA e B U s e 7 1 L
state is the dry| ng front. The p05| tion of the drying front can be
controll ed by hn| s _where t he aramet S whi ch term ne
the position of t Héw@f?m@sly app t from- t[le ?d/regomg at the overall%
of flue gas through the reactors wiil be as showrrin figure 7. Figure 7 shows the same
reactors and related inlet and outlet slots as discussed above with reference to figure 5
20 since figure 5 is a cross sectional view along line A-A of the reactor shown in figure 7.
It will be appreciated that the cut-away section of figure 7 shows only two compiete inlet
- and outlet slots. However, additional slots which are not shown are contained within the
housing 25 and they have the same structure as the ones which are illustrated in the

drawing;;

A shown in figure 7, flue gas from the furnace enters housing 25 via duct or
inlet plenum 64 in a direction shown by arrow 36. The inlet slots 17 and 24 have open
ends which communicate with the gas flowing into housing 25 so that the gas enters the
inlet slots as shown by arrows 33. Gas entering the housing: can only enter into the

30 outlet slots by passing through the reactor beds. Thus, the gas passes through reactor
beds such as reactor beds 21, 22 and 23 and into their corresponding outlet slots as
shown by arrows 34. Each of the outlet slots has an open end which communicates with
a downstream portion of the housing so that the gas exits the outlet slots as shown by
arrow 37 and then exits housing 25 via duct or outlet plenum 65. This gas can then be
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representative of the louvers used in the embodiment of the invention iilustrated in

figures 5-9.

Each pair of corresponding louvers between adjacent reactors may be held in
place by means of horizontal bars or the like such as bars 42 shown in figure 6. In

er or
be

r

ward or
speed of .
e

ich the

ﬁguré 6, the louvers are held in piace by weld joints.43. - Each louver has a horizontal

upper edge 44 and a horizontal lower edge 45. The horizontal edges lie along parallel
vertical planes, the edges of which are shown by lines 46, 47, 48 and 49 in figure 6.
The distance between lines 46 and 47 and the distance between lines 48 and 49 is 4

inches in the embodiment shown in figure 6.

The louvers shown in figures 6 are 11" long (i.e. the distance between the upper

edge 44 and the lower edge 45 is 117). The lower edges of thé louvers in a given

reactor inlet or reactor outlet are preferably spaced 8" apart as shown in figure 6.
Furthermore, the louvers shown in figure 6 are anglt_:d. at 20° as measured from a
vsﬁéai line. For example, the iniet louvers associated with reactor 22 are angied at 20°
néct to vertical line 46 and louvers 40 and 41 are angled at 20° with respect to

vertical line 49 |

30

The arrangement of the louvers as shown in figure 6 produces. louver inlets

having a 4" thickness due to the distance: between: linu 46 and 47 and the distance -

between lines 48 and 49. Also, as shown in figure 6, each of the louvers has a 3%"
overiap with respect to the adjacent lower louver. This overlap is shown in figure 6 as
the distance between parallel lines 50 and 51 which are perpendicular to louvers 40 and

____'__,__-_———'———'_/—_—_ .
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The i nvention may use a typical |louvered gravity bed such as the bed shown

I n figure 2. The bed shown generally by reference nuneral 9 in figure
2.1 s situatwgeeniarzibet ween a series of inlet |ouvers 10 and (eCT/E$95121586€Er S
11. Particles enter the bed from20 the top as shown by arrow 12. The
particles flow dowmmward due to the force of gravity and then exit the
bed at the bottom as shown by arrow 13. A stream of gas enters the bed
t hrough t he spékeThéetriee iouvéds havethe sarhogeonetic RHomhips las desgiibédabotecwitland
then exits t he bed, tl'hrou h the spaces between the outlet |ouvers. The
general flow of"mmg"s%'qeéh“" 3. depicted by the arrows 14. 25 =~ The
| ouvers are plates which support the particles in the noving bed and

t herefore, the size d shape of the bed is defined b he pl acenent, of the
| ouvers. ~ Typi clgﬁ{l r '{Iﬁg’q’w bepyaer e F@'FSPW&‘E%E#B‘W asseqiated withy cach

other and ase (e kv Ridkdds!défines the WIAtHGfARe ik 910t 2MEUsS iffigurd 8, 4 B Met sio24Ut | et
sides of the npving bed and are sized and 30 configured so that the

particles can ﬁo@@“@oﬂh’ﬁ/\éﬁ _(!"909' dglistance }"_"W"F'hd'ﬂ‘?’f 7 n@s-puThibfsaF'F\éYPe of ped.
Each | ouver hagragethéht i WBd o 16 Wide duliePsi® ShchQis loitietdidt 48 IshéWwh Mlfigare © O

define the w dth of the bed and each | ouver has a length which is
per pendi cul ar -0 its width. o
9

10 As noted abdve, one of the advantages of the present invention is that the flue

gas can flow through the apparatus at a high superficial velocity. The superficial
velocity through the reactor is the velocity of the gas as measured without the scrubbing
particles being presemt. Flowing the gas through a given reactor at a specified
superficial velocity wiil allow a specific volume of gas to flow through the reactor per
15 ux_xit time (flow rate). In order to maintain the gas flow rate when the bed contains
particles, it is.necessary for the gas to flow through the bed of particles at a velocity
which is actually much higher than the superficial velocity. This is because the particles
restrict the gas flow by confining the flow of gas to the space between the panicles.
. This higher gas velocity produces the carry-over problem when gas is flowed through
20 the reactor at a flow rate which is equivalent to the flow rate associated with a high
superficial gas velocity. In a preferred embodiment of the inirention, the outlet slots are
sized to have a cross sectional area so that the velocity of the gas passing therethrough
is insufficient to entrain any carry-dver particles which fall into the slot as the gas exits
the reactors through the spaces between the outiet iouvers. In the embodiment shown
25 in “ i3°5-9, the outlet slots are 6" across and extend along the width of the reactor.
"_""":t'l'y-;- thé cross-sectional area for the outlet slot is sufficiently large so that the
carry—over particles are not entrained in the flow of gas. Thus, the cafry-over particles
which enter the outlet slot will fall to the bottom. In order to recover these particles,
the bottom of each outlet siot communicates with a means for recovering the particies.

30 Suitable means include a screw conveyor such as the screw conveyor 52 shown on the
bottom of outlet slot 18 in figure 8. Thus, in operation, the flue gas will flow through
the stone contained in the reactors via the inlet and outlet slots and, any carryover stone
which enters the outlet siots will fall down and be collected and recovered by screw
conveyor 52. The gas leaving the outlet slots will be substantially free of carry-over
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WO 96/ 14131
PCT/ US95/ 12756 The inlet side of the noving bed is a

verti cal webénaorpri sed of a plurality of spaced apaidrossnzaptal |y
mounted generally parallel flat plates which forma verti cal st ack

of overl apping horizontal |ouvers whereby the spacing between the
over | appi ng | ouvers define passages for the passage of gas
t her et hr ougpartitiesdue to the lowies yelocityof gas passing therethroughe Therefore; die gasiwhicio f

| ouvers which conprise.the inlet side of the bed.prefegrab lies
oG & vor HEHE PRI IO 1 WAy o 1 apbst Sk e, Fesof the orpbleqs, ¢
pl ane so t hadsociated with GdifyoRér paiiidsntraitiéPthefeid)i gher than the ot her

hori zontal edge with the | ower edge of each | ouver being closer to

the center of the bed than the upper edge so that the particles do 10 not

fall outsof the dioRiers iy belRNAGY thyP AaBASIEwhich T8 kb forSEumktRuciihg Nar r ow
angl es are preferred™with an angl e of about 20[err] fromthe verti cal

bei ng nost fauipment which somey iarqoptact with hetragidogas syeh assflyengaso Rrefemblythe ng a
70[err] sl oB@vers are stainless st?el platef Hﬁﬁné)é’hli&&r%s?'o?%dﬂf 1/8P8r B¢, M4 b@fhiess 2l so a

vertical wall conprised of a plurality 15 of spaced apart horizontally
mount ed gersteeh sl spitpie for meaking|thg lopyess.es whi ch form a verti cal st ack ‘of
over | appi ng horizontal |ouvers whereby the spacing. between the overl appin

| ouvers define passages for the passage of gas therethrough -

(1 ouver d@it | et s) .Thelscrewennveyers 24 which arelocated or the bettam ofisachregasorhed san t he

out| et sidg,t refera Iy I V| i cal. I -which is

spaced apar {lﬁg@ﬁ@?ﬁ@ g%ﬁl?%h%dmgrﬁe %’P %?%I%F ﬁ%@?s‘s -Ssl(r)o%ns bforg@%f'?ene the 2
t hi ckness ofumerat 5% érdfigure Su e whariable $peed drive mbtot cpeiEusedmcarythe lrate al ouver |
angled with

w001 S0 i g eGR4 S e S M B B o™ o
| ouver bei mipveinemanf theoparticlesdn tiecmovifig bétkreoks. - t han t he upper edge so
that t th particles do not fall out of the bed on their domnwa_r_d__ .
Figure 9 also shows a drive motor 55 which operates the screw conveyor 52
located at the bottom of the -6utlet- slots. The drive motor used to operate: screw
conveyor 52 does not have to be variable aithough variable speed drive motors could
also be used to operate-theée screw conveyors. In the embodiment illustrated:in figures
20 5-9, a single 6" screw conveyor with a rotary airiock is used to remove the carry-over
particles. This conveyor should have a direct drive. motor and a two- ton per hour
_ capacity. The stone may be transported through the screw conveyor into a rotary
~ airlock. In that case, the airiock requires the capacity- and miotor drive to match the
screw conveyor. -
25 g

= : limestone particles which enter the screw conveyors, 24 will generally not
need -régéneration due to the abrasive action in the moving reactos. bed and. screw
conveyors. Thus, the. limestone particles which enter screw conveyor 24 may be
returned to the top of the reactor without any specific agitator for. remp_vihg. the reaction

30 crust from the particles. However, it is preferable to remove fines and dislodged crust -
from the particles by passing them over a filter screen or similar device before the
particles are returned to the top of the reactor. The screen should be capable of
~ removing fines and dislodged crust which are smail enough to become entrained in the
gas flowing through the slotS, The carry-over particles which are recovered and moved

16
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p%tssage. Thus, it is to be noted that the |ouvers on both the inlet and
outl et sides of the 25 novi ng bed are simlarly constructed.

General | y, wbo®s4t3a narrow angles are preferred for angling- RCEUSISULEGS
with an angl e of about 20[err] fromthe vertical being ,nost
preferred. Preferably, the inlet and outlet |ouvers are the sane-with
equal angl es, spacings and overlap so that the inlet and 30 outlet sides
of the noving tyescrew eobiveyatsci2ainhy bs combined uvnhi théa lnmqo'm:pmtides beforeobmm of

particles which formthe be Io vers
are angl ed and*BF%E '%eom[’ﬁgfhe TRASHAS- | Thegd W”&'Fr ﬂﬁd aﬁ&@%?ﬁ?} ent
the particles Bouom dfahé reagtop rHay G eetimed i the 0 oN B! [dacsrVig a1 dtvidﬂeor

10 VW096/ 1
PCT/ US95/ 12756‘=°“‘j""‘*‘“°n of ds¥iges including opnveyop Peltssorew FoRYPYATS-SHCkeLPIEYRITY A he

angl e and oyerth@gkaM | | prevent the " particles ffromfalling out due to
t he downward novenent of the particles in the bed, sone particles
wi Il |eave the bed through the spaces between the outlet |ouvers due to

The overall system in which the invention can be used is schematically illustrated
- in figure 4. In figure 4, recovered carry-over limestone is conveyed from the outlet siot
and may be combined with reacted limestone from the bottom of the reactors. The
10 - limestone particles may then be conveyed to a conventional agitator or attritor if further
abrasion or attrition of the particles is desired for regeneration. However, in the
preferred embodiment, this is not necessary due to the abrasion which occurs in the
moving bed. The particles may bypass the agitator or attritor or alternatively the
-agitator or attritor may be omitted if sufficient regeneration of the particles takes place
15° inthe reactor. Next. the particles are conveyed to a screen to remove fines and reaction-
crust. The screen may be an integral part of the agitator or attritor. Other types of
conventional particle separation devices may be used in place of a screen in order to

_ separate the fines and reaction material from the particles.

20 ' Fresh make-up limestone may be added at any point in the circuit, preferably up-

stream of the agitator as shown in figure 10.

Suitable devices for removing the reaction crust from the limestone includes

agntatots such as the one illustrated in ﬁgure 10. The agitator illustrated in figure 10
15é8 a feed mechanism 56 for adding limestone particies 57 to mixing chamber 58.
_:lét shaft 59 with mixing arms 60 mounted thereon is contained in chamber 58.

A outle: 61 is provided at the bottom of the chamber. In operation, limestone particles

are fed into chamber 58 as shaft 59 turns so that the arms abrade the limestone particles

contained therein. The particles exit the chamber through outlet 61. The chamber may

30 be of double wall construction so that cooling water may be circulated between the walls
through inlet 62 and outlet 63. Grinding media and/or grinding aids may be included
in the chamber to assist the abrasion which takes place therein.. The grmdmg may be

25 i

conducted wet or dry.
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the force of the gas stream passing therethrough. Consequently, the present
I nvention 5 provides a nechanismfor renoving these particles and

prevent i -Rgp b&)egIsi r om bei ng entrained in the gas fl owpcrnmogesrst 0 o,
prevent the particles from danmaging the system especially the ID fan -
or fans associated with the system Figure 5 illustrates an

enbodi nent of the invention which uses a plurality of 10 noving bed

reactors, each of whi Ghe figRstbilivgy be N6. 9dacreérn fiesl(AASHTO N9 Dp=0,10y bed
reactor is i cles_which

capabl e of hol ding a npving bed of |inestone par
nmove domwar‘@‘?&"h“ “Gﬁ%ﬁ)"‘?’ﬂ@eﬁ‘éf&é &T-s'iﬁg‘é)(/jaf%ﬁ’ SEen Yo ﬂve_h Mﬂ'ﬁo_bed
reactors show)s;aspgeo. Bg)hamganaveragé@faﬂi’cﬁﬂ&ﬂ).ﬂma;|9 Mdshilinektofs Paticles S
defined by the space 12 | ocated between a verti cal stack of .inlet

2
| ouvers, ondreRreigried becauseitheyihayg 2 amallpr sigg andajarger suciars frea to volume ratiqier t i cal
15 stacks of outlet |ouvers, one of which is indicated by reference nuneral
14. Additional movi ng bed reactors are generally shown by reference
nuneral s 22 and The pyperficial gas fiow velocity|throyugh the thed sppyary. frome@3 ¢ 416 feste can

make the be r R ' e feratiy! r - QuUVers
utilized. Tﬂ%‘l %‘\%?géfgxr%ggs%g{ée' ggé';@t ﬂ?‘r%“r?ncygg%ﬁ' oﬁ?er | n’@g\?'éﬁr%ﬁéégl
direction suelogitytis abous 0.7 feat per segandcespeciallywden i AASHEQD Narfbpasticleshareh i s
shown by re en , dyQupl 1. S Uil 2£s), one
of whi ch | o UEHo W sS beef WORERY it wRlAONG.'S, ik A Betad HE il i B ) DO
whi ch nel@ bembadiniénts showd in Gguresi®9| a badge amount afitpary-averascurs.d Howeventheli ty, is

directed to t ' i de. of . e . chanber
or conduit g%%‘ﬂ“as q?%glle%%'f E'{vg'%?g 'ﬂ%@ff‘iﬁ%ﬁ'ﬁ?&p gge{"gggh%""%"“ﬁg% m of a
sl ot whi ch dian &fSsfeercperisecuint ywheh Ny 3 meshepdriicles are aisédparticuidrlyawhénthe f | ue ga!
can be evenly, 2 distributed via,the i.nlet, spaces such as,.iglet ace 15.
The 11 ue. gaiisttors S enase o reies e Vet e B % Bietrdiph, dg owhboo” 15
bef?re gfd tilagshf bhla begasd ﬁfthhi‘ﬂtfuﬂbciilyfvffﬂmﬁds@bssg@aﬁﬁ&mou_ '| gh (ijs &h@eﬂd 3o0flowis
preferably effecte means o n fan ich is, |ocate ownstream

from t hér e® .1'&) %ﬁ@"g‘&g“‘fera Fé’ggd‘g'ﬁﬁ‘d ustrgted;showsy § fuinimgm Width of, 1 o ¢

Wi th |inestémeor the outhdrsiois:| Thisvkidth tdacbditérided @s 78, 8" o niddeitd lim@tvihsvar d

ravity driven,descent .t hrou t he, 30, novi, d reactor. The particles are
S Doy 1 oYt SRORR P A 3t 50 e Bariccs, o i Som whers ol 'chn

be recovered by the screw conveyors. Co

20 When No. 8 limestone particles are used in the embodiments illustrated in figures
5-9, it was observed that superficial gas velocities greater than 1.2 feet per second can

be used without incurring any carry-over problems.

. As aresultof the high superficial gas flow velocities which can be used in this

i itis possiblé to efficiently scrub flue gas containing 500 to more that 3,000

@ sulfur oxide. ' Although the embodiments illustrated in Figures 5-9' can-easily

. scrubﬂue gas containing 3,000 ppmdv SO, without any difficulty, greater concentrations
of SO, could be handied by increasing the bed depth (thickness).

30 The embodiment of the invention illustrated in ﬁgﬁres_ 5-9 may be operated under
the following conditions: : :
inlet temperature: 100°F - 350° R _
superficial gas velocity: up to 0.75 feet per second
gas velocity in the outlet plenum: 25 feet per second (maximum)

18
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Scrubbing particle inlets 19 are provided on the

top of the reactor for the I ntroduction of |inestone particles
therein. SWOASH4EY particle outlets 20 are provided- onPERUSHUI2THm of
the reactor for the renoval of |inmestone particles therefrom 5

-‘The flue gas passes into a receiving chanber such as an outlet chaiber or
conduit 18 after it exits through the outlet spaces. The outlet is
preferably in the Thgembodiment of th inyestiondlystryted jn fignaes by i Rreferaply openated <

al ong si de thg;Rn{ ijinfsOhd lbgas vliiodﬁy %fcf) 1. homivRyd mgimum A8 h TiRRGbMY active 10

Conventi onal devices such a | Ve ppers nmay be used in conjunction with
the scr tasidencg timerafj 12| houts{maximur) anda watsp additionraternf @-2,gpm/$000acfm: event
| eakage of anmbient air into . the outlet gas slot. The scrubbing

particle outlets at the bottom of the bed are adapted for linkage to

conventiondl scr ewleoabowy gassvedngiti lienit it hased wpon 8 borizoitabnutley ducs fied twhthevn
185, S oy g o B, B e ot o
pref erabl y coofthe liraestone bed edacity ninles gashemperdvare and supetficiah gasrvelocity. The 0(2 gure
7. In additi o, i6icdh B S8 bioh £1.4aE HnddloRe 828 Spech 52504 i s 20! Y
stream, and a superficial gas velocity of 0.5 ft./second. :
10
While the present invention has been described in terms of certain preferred
embodiments, one skilled in the art will readily appreciate that various modifications,
changes, omissions and substitutions may be made wi_thout departing from the spirit
thereof. It is intended. therefore, that the present invention be limited solely by the
15 scope of the following claims.
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arranged so that outlet and inlet slots may be shared by adjacent reactors.
For exanple, 20 adjacent reactors 21 and 22 share outlet slot or chanber

18. Li kewwaeosriqgmact ors 22 and 23 share inlet _slot 74. POTAWS9S/1278ée

i nvention does not require this type of sharing. = The inl et

| ouvers of each reactor are prefer Ii m Ied so that their
upper edges lie along one verti cal Tﬂ“ “ﬂﬁwm“ wer edges lie along a
second verti QMHATOIS CLAMEDdS:ci n the Trcrst ahd Second vertical |ines are
spaced apart from each other.- For exanple, in reactor 21, inlet

| ouvers 13 are sized and arranged so that their upper edges lie al ong

vertlcal dashed [lilne 7hammbmvedupbarahnmrremd\gn§ad1dmﬁommmmhﬂﬁégﬂaShed

| 26. I 75 i d t sh
o205 navitncimarRes Bledt ot Touveref gé%?‘c“ﬂ'f“‘f‘%x?%’é'}’g? 0 cerpadping, 2"

arraiged i n iniRingred of seaitibingPparticies WhichGhdve dswﬁmsnmbwdﬁée&hef&&wfered
inlefs and outlets |I§£ are 4" thick. In the enbodi nent shown 'in figure

5 the stacks SFVIYY a"e(faP‘?b&"fl"G‘if\‘}& with said flug gasto fsolid reagtion; 15~
thi ck space pRiduct; said réfRofb¥ing defitd Hycde sPdce between a louvered iniet side and a

12 6 louvered outlet side; said louvered inlet side having overlappmg inlet louvers with spaces
7 between the louvers for the passage of flue gas therethrough mm said reactor; said

8 louvered outlet side _having overlapping outlet louvers with spaces between the louvers

9 - for the passage of said gas therethrough out of sdid reactor; means for wetting said
10 scrubbing particles so that they are wet while they are in said reactor: means for flowing
11 flue gas through said reactor whereby said gas enters the reactor through the inlet side
12 and exits said reactor on the -outlet side; wherein the improvement comprises: said
13 means for flowing flue gas through the reactor being capabie of .ﬂoWing said gas through
14 the reactor at a velocity to eject a portion of the scrubbing particles from the outlet side
15 of the reactor and said apparatus further including a chaxhber for the passage of flue gas
16 ~ therethrough; said chamber béing located alongside the outlet side of said reactor for
17 receiving said flue gas which exits said reactor and for receiving scmbbing'panicles
18 which are ejeéted from said outlet side of the reactor; said chamber being sized so that
19 the velocity of said gas which enters said chamber is insufficient to entrain at least a
20 portion of the ejected scrubbing particles within the gas flowing through said chamber;

" 21 said chamber having a bottom portion whereby said ponion of ejected scrubbing particles

22 . falls to. the bottom of said chamber as the flue gas flows therethrough.

The apparatus of claim 1 wherein said chamber is in the form of a siot

2 which is co-extensive with said outlet side of said reactor.
1 3. The apparatus of claim 2 wherein the means for flowing the flue gas
2 through said reactor includes an inlet slot which is co-extensive with said inlet side of
said reactor. '
1 4. The apparatus of claim 3 which further includes means for introducing
2 ~ scrubbing particles into the top of the reactor and means for removing scrubbing
20 - This Sheet Has Been Rq
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IT will be appreciated fr the fore escrlptlonthat the flue gas
will flow into spacg}TI 21 via the spaces between the

i nl et | ouveweoshali gur e ,* flﬁ shows this flow t rcEUsssnaTse
representative space. After péssi’-ngu react or. space 12, the gas
will exit via correspondi ng spaces between the outlet |ouvers. Arrow 5 28
illustrates this flow through one such representative space. The gas
exiting the  particlessfzom dhe totommof thegeactnr and reans fof tecydidg sudhicempyed pagigies f r om
react 22 pas g s in a simlar manner. Arrow
29 shgjws gas en%%&gﬁ]\&{é ﬁor{e"ltg’% 'OQ’%&SI" reactor 22 through one of
the representative spaces through V\/m ch the gas passes. Thus, t he gas
whi ch flows throughcsthe Qutlets fr adj ctors 21 and_ 22 asses
into @ 10 cormon olt1 et ‘¢ IPacays of 4agﬁ Ba{g 4 JRFPAES TRAABYL R 4 Fﬁf"@t’g sl ot
74 passes i nt opaticleciorm the bonomamﬁma ahd neans 3 rédytirigoinid lemoradannicida e ween
the | quvers. Arrowség and 31 illustrate . the direction of flow of the
gas tHrough onteRR.9fsae Frages {pe reiptroduction terein- ¢ he i nl et | ouvers for
reactors 22 and 23 Arrow 32 shows gas exiting reactor 23 in the sane

manner. as described for reactor 21. Once the_gas enters the outlet slots,
it cal then be 15 @i r ecthecppasatus,af elpigtR whereirs e mesns fog feqyrking the particles

at mosphere by #&n\We Bddem 8T t¥actor and a means for recylcimg"’thE |paﬂﬁ!e§ %FH th¥ pétidRAr ent
fromthe foregoing description that the overall | ue gas

t hrough t he r cfcdhesiat infindes acsceesy eoMMRMAr-i n fi gur e 7 F| gure 7 shows the same
reactors and related inlet and outlet.slots as discussed above with
reference to figure 5 20 since figure 5 is a cross sectional view al ong

line A-A of the redctor Binapparatys ¢f caimed which includes a pluratityof adjacens stagwoetd t hat

t he cyt - anay _ 7 shows only two conplete.inlet and
outletE sl ot s. %Eéidb'% st rélé&’{i{xﬁﬁ slots which are not shown are contained
wi thin the housi ng 25 and they have the sane structure as the ones

whi chlare 11 ust ratsed X Dl'hhgﬁqaramsofglragx\?uﬂ:ére n2e5.lch reactﬂl;ssharesag&m?gr?m&l&

figure 7, flue gas fromt urnace P RoUST N
i nl et 2pl anum obuilet skot sitheantadjacens beacwor.by arrow 36. The inlet slots 17 and

74 have open

9. The apparatus of claim 8 wherein the inlet and outlet louvers of each

" reactor are arranged to form a vertical stack of overlapping inlet louvers and a vertical
stack of outlet louvers; thereby forming a substantially vertical inlet and outlet side for
each reactor; said vertical stacks of louvers for each reactor being ibout 15" apart to
define a reactor bed ivhich is about 15" thick; said inlet louvers and outlet louvers
associated with each reactor bed being in the form of rectangular steel plates. each of
which has an upper edge and a lower edge; said inlet louvers and outlet lotxvers
asmmed with each reactor being mounted on about a 70° siope with the lower edge
e . ouver being closer 1o the reactor bed with which it is associated than the upper
edge ef each louver; said upper and lower edges of each louver being about 11" apart
and said inlet and outlet louvers being vertically spaced apart from each other in each
vertical stack of inlet and ‘cutlet louvers so that there is a vertical distance of about 8"
between the lower edge of each inlet louver and a distance of about 8" between the

O ® N9 00 v oA woN

puma | ol . | aarnd P P
B W N = O

lower edge of each outlet louver.

10. A method for removing sulphur oxide gas from combustion flue gas
2 which uses the apparatus of claim 1; said method comprising flowing said flue gas
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ends whi ch communi cate w gas fl owi.ng into housing 25 so that the gas

i ' t he housing
enters the I nlet slots arrovxs 33. Gas entering
can only YEQP§M413}; o the “ by passi ng througrpmlmsxﬁmtwrd ‘
beds. Thus, the gas pas rseact or bedis such as reacthor bgys
nto th"elr correspondi ng outlet slots as shown _
e a0 23 B sl otsphas an open end whi ch communi cates with

arr gus 34. ,Oﬂgﬁyé) ﬁﬁi. rt]a\(s-g HifgsteRs gosuhbing,partieles Which smoveebyoptaviet sl ot s :

a dovvnst ream po

as $hown by downwaml thoough sarin@adbress &¥ini 5 mkgﬂ R8d 2R V%a@ eﬂﬂ&t sggc{( rﬁaﬁl et

recte

pl egum 65. TﬁQfgg#{?%% e?gt Q%&,ﬂug %fﬁa@fgfe@mu!héald olitdet stde;ckaldLﬂdths being slots

ellmnatlon ot

ar e6ar r angedlowed Wrdugldsdicd sirilspiky Bﬁ-ﬁaﬁ]%ﬂ he re%%?o aglils %ﬁter

all of .the gas nust pass
3222 ?.t Ibg?i b&LeS'r’é portion of the scrybbing partielessfrarh d'teamthtspdd@fd:e redutor and said flue

I which are within
- EI Pol e 0 ShUPnowEmEdsh 3a it a2 vRRER) ARicR s iR S sl epe”) ouver o
ith are afen af the ejgcted scrubbing particles wﬁ’.eryLmd/moxﬂaf aifejécted pifticles

l et louvers

CO!G espond e4h8 Rk IbSREM of Said eF aSthe 3008 ! o intet

associ ated with reactor 2%. %ﬁouyerg ﬂ%‘(ﬂ%"ﬁ Ffﬁﬁg'ﬁl}r:c ![R f:g\ljreﬁt ISOz;re 10
representative of the |ouvers used in the enbodlnegh galr gf cor respondi ng

illustrated in
I oulver s between 53] i ace%'{Iier r ea@f Emoving,sujphus,oxide from combustion flue gas which
2 uses the apparatus of claim 8; said method comprising introducing limestone scrubbing

3  particles into the top of each reactor whereby said particles move downward by the force ‘
4 ~of gravity to the bottom of each reactor; removing said particles from the bottom of. each
5 reactor; maintaining the scrubbing particles in a wet state during at least a portion of the

6 time that said particles are in said reactors; said gas being flowed through the particles

7 in each reactor at a gas flow velocity which ejects a portion of the scrubbing particles

8 from the outlet side of each reactor whereby said particles enter the outlet siots: ﬂdwing

9 said gas which exits through the outlet side of each reactor through said outlet slots at
10 a velocity which is insufficient to entrain at least a portion of the scrubbing particles
11 which enters said outlet slots whereby said particles fall to the bottom -of said outlet
12 slots; removihg said-particles from the bottom of each outlet: slot; recycling said particles
13 removed from the bottom of each reactor and outlet siot to the top of each reactor for
14 reintroduction therein.

1 -,:-5'_' ;'.*.12;.- The method of claxm 11 wherein the scmbbmg particles are 1/32" to 1/4"

2 in dhnemr and said particles are maintained in the wet state until they are removed from

3 the bottom of each reactor '

| | - 13. The method of claim 12 wherein the scrubbing pamcles are No. 9 screen

2 size (AASHTO No. 9; DP-—O 10" )

1 - 14, The method of claim 12 wherein the scrubbing particles are No. 8 screen

2 .size (AASHTO No. 8; DP=0.28").

2 . / / lll iaced
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bl ace by neans of horizo e such as bars 42 shown in

figure 6. In 15 figure 6, eId in place by weld 0|nts 43.
Each | ouvewgwspi4g31hor i zont I‘ lﬂg'ﬂmﬁ 44 and a hori zoRERU # edge

45. The horizontal edges I| vertical planes shovvn by

|.ines 46, 47, 48 and 49 in flgure 6. The dlstance bet ween 1ines 46 and
47 and the dlstance between l'ines 48 and 49 is 4 inches in the enbqdinent
shovvnl in figur8. 6. Azmethod for removing yyiphur oxide from Formystion fluegas which 5, o

11" n . rSdlie fines3o wer
edge 59| gl 11"‘5’“‘%%@%@3 ges gﬁdhﬁﬁo#g%%rgsénllg a Pl\?e‘n ﬂﬁd??gg{tgor

i nl et 3or reactpamclmﬁdtmmemfpa@erWespnMpmldam@ﬂe%V"W%foﬂegur e
6. Furth |

measubed 11 omdl B (IBE b ot e VO *eeil‘é’fv"'?%gfﬁ“%?@t Elulin ot 11 o
assocpated wi t@mmﬁmmu&&zﬁd&n&hbﬁigqﬂnalesﬁﬂa wet statinthl thecpapsicles arecremovedi cal

{/Iep? i 36 alnflnleofgﬁ\g‘('atrhg bottors f each react?hgﬂgq ?&?ﬁﬂ’[’o‘fﬁ&l%eﬁ?guver S wn i n

1; igure 6 Er odmﬁelb&cguu%% nehséth@o@ﬁ dCiinbWGgaedﬂr fidmbbh;qmnb uluanmntl fesctor ;
i stance between |]nes 46 and 47 and t st.ance i pes ,48 an
49. ABso, as SRS RKLS ¢ach repgiof through thy oyfle sl‘d? SR FECRE S aﬁgasebemg oML | ap

W th gespect ttﬂfoﬁ%hemélgh:ﬁ@l@i‘tn dablyVRiactbOat\eevelock) t&pmmlﬂmlﬂwsmuquivﬂedtl gure

6 S o ol o e e BBl o ey 370.5°8. 21 5. Bhcond

11 _ whereby a portion -of the scrubbing particles are ejected from the outlet side of each
12 reactor and said ejected particles enter the outlet slots; flowing said gas which exits
13 through the outlet side of each reactor through said outlet slots; flowing said gas which
14 exits through the outlet side of each reactor through said outlet slots; said outlet siots
15 being sized so that the gas flowing therethrough flows at a velocity between 500 ft. to
16 about 1500 ft. per minuie whereby at least a portion of the scrubbing particles fall to the
17 bottom of said outlet slots; removing said particles from the bottom of each outlet slot;
18 recycling said particles removed from the bottom of each reactor and outlet slot to the
19 top of each reactbr for reintroduction therein. '

1 16. The method of claim 15 wherein the gas is flowed through outlet slots
2 having a minimum width of 6". '

~ The method of claim 15 wherein the superficial velocity is about 0.75 ft.

2
The method of claim 15 wherein the scrubbing particles are 1/32" to 1/4"
2 in diameter.
1 : 19.  The method of claim 17 wherein the scrubbing particles are No. 9 screen
2 size (AASHTO No. 9; DP=0.10").
—_—
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: _
41. The outlet |ouvers have the same geonetric relationships as described

above with respect to lﬂl In figure 6,
t he di st amgesgBreen the co ,! wﬂmﬂwm”m | ouver s assocCirOTAISYSII12156 5 t he
two reactors defines the width of thd iflet slot. Thus, in figure 6, a 6"

inlet slot (corresponding to inlet slot 74 shown in.fig. 5) is forned
due to the 6" distance between lines 47 and 48. This sane type of
arrdngenent is usd tdnfeonidmOﬁ'bfwhmels)whétemthémln:bmgpamdeumm 8aurebiet sl ot

ot 2he pr eocHE ARTR - DRap.2 and el SubctndBCS bl 1 abE £k 11,20

appdr at us atsegondi gh superficial velocity. The superficial vel ocity
through the reactor is the velocity of the gas as neasured w thout the
scr ubbi ng particles being present. Flow ng the gas through a given

reagtor at a speciifi ecihe method 'oPElafm P9 Wherdil i ickibbitig!partidles 8 cahdRrBGH | C
volume of gas to flow through the reactor per 15 wunit tinme (flowrate). In

ordér to nmithe ERaROTsaE agielociy ofyl A2 per e ‘!ﬂ‘?é“bbmw A8 active residenes c| es,
it BS necessifeofl @ hduRCindRSreh@ors! OW t hrough the bed of particles at a

veI00|ty which i's actual Iy much higher than the superficial velocity.
This is because the particles - restrict the gas flow by confining the
flow of gas to the space between the particles. ~Thi s hi gher gas

vel ocity produces the carry-over problemwhen gas is flowed through 20 the
reactor at a flowrate which is equivalent to the flowrate associated with

a high | superficial gas velocity. In a preferred enbodi nrent of the
invention, the outlet slots are sized to have a cross sectional area
so that the velocity of the gas passing therethrough is insufficient
to entrain any carry-over particles which fall into the slot as the gas
exits the reactors through the spaces between the outlet |ouvers. In

t he enbodi nent shown 25 in figures 5-9, the outlet slots are 6" across and
extend along the width of the reactor. Consegently, the

cross-sectional area for the outlet slot is sufficiently large so that the

S
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tarry-over particles are not entrained in the flow of gas. Thus, the
carry-over.particles whi ch enter the outlet slot will fall to the
‘bottom | Ry@ogred13i 0 recover these particles, t he bott omCIfusIsveiTseut | et
sl ot communicates with a neans for recovering the particles. 30 Suitable
means i nclude a screw conveyor such as the screw conveyor 52 shown on the
bottom of outlet slot 18 in figure 8 Thus, in operation, the flue gas wll
fl ow t hrough t he stone contai ned ip the reactors via the inlet and
outlet slets and, any carryover stone /5 which enters the outlet slots
will fall down and be collected and recovered by screw conveyor 52.
The gas leaving the outlet slots will be substantially free of carry-over
15 WD 96/ 14131

PCT/ US95/ 12756 ' particles due to the lower velocity of gas passing
t her et hrough. Therefore, the gas which exits the outlet slot onits
way to the exhaust stack will be free of the prgbl ens associated with
carryover particles entrained therein. 5 - - The louvers may be
made of any material which is knnmn_LnL_cgn ' equi pnent whi ch
conmes in contact with hot acid gagasteh | ue dgals. Preferably the

| ouvers are stainless steel plates havi 7$h+ekhess of about 1/8" or
nore. 304 stainless —\\ g
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sfeel is suitable for making the |ouvers. 10 The screw conveyors
24 which are located on the bottom of each reactor bed can be
regul at ed bweooénnabl e speed drive notors, one of which i s showerhises12756
reference nuneral 54 in figure 9. The variabl e speed drive notor can
be used to vary the rate at whi ch the screw conveyors rotate and thus
they can be used to vary the downward novenment of the particles in
the noving bed reactors. 15 Figure 9 al so shows a drive notor
55 whi ch operates the screw conveyor 52 2/5 |ocated at the bottom of the
outlet slots. The drive notor used to operate screw conveyor 52 does
not have to be vari abl e al though vari abl e speed drive notors could
al so be used to operate these screw conveyors. In the enbodi nent
illustrated in figures 20 5-9, a sin@yEp 6" screw conveyor with a rotary
airlock is used to renove the carr yiJMESTONE particl‘es. This conveyor
shoul d have a direct drive. notor andBgDtwo ton per hour capacity. The
stone may be transported through the ew conveyor into a rotary
airlock. In that case, the airlock re |ressthe capacity and motor drive to
mat ch t he screw conveyor. 25 The |imestone particles
whi ch enter the screw conveyors 2fEVEtta e erally not need
regeneration due to the abrasive acf"'ml R t he rrgz'smg-ukgggtor bed and screw
conveyors. Thus, the | i Rt Y L el ger ew conveyor 24 may
be returned to theGASp of T = ut agg specific agitator
for removing the reaction 30 crugESfEgaisle particles. However, it is
preferable to remove fines and di “SeuEd=s ust fromthe partlcles by
passing themover a filter screen or m | ar device before the
~particles are retu:ﬂr}&d tg the top of e reactor. The screen should be

[

capabl e of re in and di ¥A odged crust which are small enough
to beconme entrained in the gas DRY¥w ng t hrough the slots. The
carry-over particles which are rchMggQHEand moved
CLEAN MAKE-UP
UMESTONE i UMESTONE
IJMESTONE |
REACTOR |
RECOVERED
‘ CARRY-GVER
REACTED LMESTONE ~ MESTONE
FROM REACTOR
SCREEN COMBINED LIMESTONE
FROM REACTOR AND
- CARRY-OQVER LIMESTONE
AGITATOR et '

FIG.4
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PCT/ US95/ 12756 by screw conveyors 52 nay be conbined with the

| i mest one &ﬁf&#ﬁﬁiﬁ bef ore being returned to the top oPCIHEIYRZ¥: or .
The carry-over particles and the particles fromthe bottom of the
reactor may be returned to the top of the reactor by known devices or
conbi nati on of devices including conveyor belts, screw conveyors, bucket
el evators and 5 the like. 5 The overal | systemin which
the invention can be used is schenatical?y illustrated in figure 4.
In figure 4, recovered carry-over linmestone is conveyed fromthe outl et

sl ot and nmay be conbined with reacted |inestone fromthe bottom of
the reactors. The 10 Ilinmestone particles nmay then be conveyed to a
conventional agitator or attritor if further abrasion or attrition of

the particles is desired for regeneration. However, ‘in the preferred
enbodi nent, this is not necessary due to the nhLae+ﬂﬂ'mﬂTEh oc urs in the

nmovi ng bed. The particles may typass*The agitator or attritor pr
alternatively the 315?&ﬁ§5ator or artrltor nay be onmitted if} sufficient

regenerati on of 8’ parZQcBes f\a kesl | ace !%n t he reaq% Next, the
particles are conveyed qo a scrgen t reane fihes and rqa tloh
_ y)
4 /, \
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Crust. The screen may be an integfal part of the agitator or attritor.

O her types of conventional particle separation devices nmay be used
i,n place ofw@ogggmen in order to separate the fines an®CTAEISi1LI56
material fromthe particles. 20 - Fresh make-up |inmestone may be
added at any point in the circuit, preferably up- stream of the
agitator as shown in figure 10. Sui t abl e devices for
removing the reaction crust fromthe |ingstone includes - agitators such
as the one illustrated in figure 10. The agitator illustrated in figure 10
25 includes a feed nechanism 56 for adding |inmestone particles 57 to

m Xxi ng chanber 58. A rotatable shaft 59 with m xing arns 60 nounted
thereon is contained in chanmber 58. . An outlet 61 is provided at the
bottom of the chanber. In operation, |inmestone particles are fed into
chanber 58 as shaft 59 turns so that the arns abrade‘the |imestone
particles - contained therein. The particles exit tHe chanber through
outl et 61. The chanber nay 30 be of double wall constriuction so that

cool ing water nmay be C|rculdted between the 4@ |s. it hrough 4gnl et 62 and
outlet 63. Grinding media Ahd i al ds_nay be 1nchg§d "in the
chanber to assist the abrm' s O ndi ng nmay
be conduct ed &' or -
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PCT/ US95/ 12756 The i mestone nmay be No. 9 screen
,Si ze (AASHigvda$y Dp=0.10") whi ch has an average di RODSYS/I2IS60. 1"
Yor slightly larger screen size No. 8 (AASHTO No. 8; Dp 0.28") having
an average di ameter of 0.28". No. 9 nesh |linestone particles are
preferred because they have a snaller size and a |arger surface area to
vol une rati o. 5 The supgsficial gas flow velocity through

" the bed can vary fromO0.3 to 1.6 feet per second, preferably fromO0.5
to 1.6 feet per second. Preferably, the superficial vel ocity is about
0.75 feet per second especially when AASHTO No. 9 particles are used.

It has been observed that whe :—Q-fggh i zed particles are used in the
10 enbodi nents shown in figur g ge amount of carry-over occurs.

However, the ‘features theg presgnt inve It possible to
use superficial velggities greater an 0 Sfféa 2r second when No.

9 mesh partlcle§, us articu”arly when outlet slots are
enl arged to rediog thezpelAgLt w3f the gas fI therethrough. The out | et
sl ot should be siz . | S passing therethrough
is between 500sg LA B QU e Q9 feet per mnute.| The enbodi nent
illustrated sho - il dt’h of 6" for kmaégnlet slots. This
wi dth can be exjerfd&dt-pM#mr) 3 nore to linmit t vel ocity through
the outlet slot Jihall lgerdarticles fall to thefbottom where they can
be recovered by $f¢$§‘:yl & yyors. 20 en No. 8 linestone
particles are use e n figures 5-9, it
was observed t hat/ s |émﬁi\%$34veIOC|t|es gredter than 1.2 feet per
second can 33 ! -

34

33 \
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_ I ¢ W e
Be used without incurring any carry- over probl ens. e ENUS 'lésNDV 1996

result of the high superficial gas flow velocities which can be used in
fhis 25 inventi t is SS, o efficgjently scrub, flue gas containing
500 to nore that% particle ‘[’EF 6@&?’6&”‘49& %“" AOPHRfL S ‘i“'ﬂ&"eﬁ‘ﬁo@ﬁrents
i I'lustrat edm&bdﬁbﬁbﬁ@ﬁluﬁes%lﬁaﬂ%r&?&'th%em ScrabYing partibi cﬂﬁétsQOrh}é‘bevi&d:” 000
pprdv SO err] without any difficulty, greater concent rations

coul d be ha@8|teibestom at thereackas fphtherremompf limestane: pastieles therefrom. The
enbodi ment of the invention illustrated in figures 5-9 may be operated
under the follow ng conditions: i nl et tenperature:

100[err] B - 350[ &he]flue gas passes mmumﬂxﬁ? eharﬂ?s suél} @Eiah)bugg@?ﬁmlﬁr?)’é f eet
d t he out| et enum eet
Eggoﬁgcﬁnrrax pﬂmt 18 after 1t exlts thrm(l)gch tthe olutrl]et spaces. The outIO et is preferably in thelfgrm

WO 96/ 14131 of 3 vertically extendin, sltwhchl the entire outlet side of th
PCT/ US95/ 12756 o ey g slot which lies alang side °e"'ﬁ%°‘|'rfv5'nfl°on°|ﬂ"f’ 1981 at ed

in figures Yedraagtopr ef er abl'y operat ed

10 Conventional devices such as live hoppers may be used in conjunction with the
scrubbing particle inlets at the top .of the bed so as to prevent leakage of ambient air into
the outlet gas slot. The scrubbing particle outlets at the bottom of the bed are adapted
for linkage to conventional screw conveyors such as the twin screw conveyors 24 shown
in figure 8.

15

Preferably a plurality of moving bed reactors will be used. When a plurality of
reactors are used, they are preferably contained in a housing such as housing 25 shown
in figure 7. In addition, when a plurality of reactors are used, they are preferably
arranged so that outlet and inlet slots may be shared by adjacent reactors. For example,

20 adjacent reactors 21 and 22 share outlet slot or chamber 18. Likewise, reactors 22 and
23 share inlet slot 74. However, the invention does not require this type of sharing.

— The inlet louvers of each reactor are preferably sized and angled so that their
upper edges lie along one vertical line and their lower edges lic along a second vertical
25 line wherein the first and second vertical lines are spaced apart from each other. For
example; in reactor 21, inlet louvers 13 are sized and arranged so that their upper edges
lie alongvemcal dashed line 75 while their lower edges lie along vertical dashed line 26.
Lines 75 and 26 are 4" apart in the embodiment shown in figure 5. The remaining inlet
and outlet louvers are similarly arranged in the embodiment shown in figure 5 so as to
30 create louvered inlets and outlets which are 4" thick. In the embodiment shown in figure
5 the stacks of inlet and outlet louvers are spaced apart to create a 15" thick space for
the moving bed reactor. |
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. LR e
wi't h a |imestone bed velocity of 1.4"/m nute (maxi rrun‘» MI i"]iE’QtNaél ‘998

active resi dence ti rre of 12 hours (nmaxinmum and a water addition rate
of¢ 0.2 gpn | 000acf m The above as veI ocity limt is based
upon a hori zont al bW!“BQ%'M @m&fﬁtféﬂg escriptinn {8 ﬁﬂ“?&?ﬁ/ﬂf WM sl ot

desi gn.  The b 3pacald drcbitdr 1%id b actl B GokePid i e

5, hdp
| i mest one be ocit erature an super?@m a? gas’velocity.
The 0.2 2§ piwowo Gitia ffow thsoughsend nepresendative Apdcei nAfter passiag tthrougly eeactogeed,

a 250[err]F inlet S . St.re and super fici al QCi f-0.5
ft. /sEacon]d fpace 12)he gas will WF f"érQP P@Q& Vi‘ﬂﬁ"d‘ﬂ 'g!&h? yé%‘f?‘?'bed
interms & Q8rillastratdd @isefiow through oﬁ&’@ﬁéﬂ répRdsentatiecspalie. | '@ gad dxitingathe Wi | |

readily appreciate that various nodifications, changes, onissions and

subst i t ut i ongeacty Aeentars the gutiebslet e pLikewiss, smmweacsqn ?asges through itg of |
It is_intendggy, &.Pﬁgsei%ng. mit ngﬁng%?mW% shoWeE Bhd aﬂeljﬂfg bieilt ot 18%kGhY DY

the 15 scope of
reactor 22 through one of the representative spaces through which the gas passes. Thus,

the gas which flows through the outlets from adjacent reactors 21 and 22 passes into a
10 common outlet slot 18. Likewise, gas flowing through inlet siot 74 passes into adjacent

reactors 22 and 23 through the spaces between the louvers. Arrows 30 and 31 illustrate

the direction of flow of the gas through one representative space between the inlet

louvers for reactors 22 and 23. Arrow 32 shows gas exiting reactor 23 in the same

manner as described for reactor 21. Once the gas enters the outlet slots, it can then be
15 directed to the stack for elimination into the atmosphere by known technology.

It will be readily apparent from the foregoing description that the overall flow
of flue gas ﬁlrough the reactors will be as shown in ﬁgure 7. Figure 7 shows the same
reactors and related inlet and outlet slots as discussed above with reference to figure 5
20 since figure 5 is a cross sectional view along line A-A of the reactor shown in figure 7.
It will be appreciated that the cut-away section of figure 7 shows only two complete inlet
- ~ and outlet slots. However, additional slots which are not shown are contained within the
- housing 25 and they have the same structure as the ones which are illustrated in the

drawings.

-+ As shown in figure 7, flue gas from the furnace enters housihg 25 via duct or
mletghmlm 64 in a direction shown by arrow 36. The inlet slots 17 and 74 have open
ends which communicate with the gas flowing into housing 25 so that the gas enters the
inlet slots as shown by arrows 33. Gas ehtering the housing can only enter into the

30 outlet slots by passing through the reactor beds. Thus, the gas passes through reactor
beds such as reactor beds 21, 22 and 23 and into their corresponding outlet slots as
shown by arrows 34. Each of the outlet slots has an open end which communicates with
a downstream portion of the housing so that the gas exits the outlet slots as shown by |
arrow 37 and then exits housing 25 via duct or outlet plenum 65. This gas can then be

13
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directed to a stack for elimination according to known techniques. The inlet and outlet
slots are arranged according to known techniques within the housing so that, in
operation, all of the gas must pass through the reactors in the manner described before
elimination into the atmosphere.

Figure 6 shows a detailed view of a portion of the louvers which are within circle

A in figure 5. In figure 6, louvers 38 and 39 are inlet loUveré which are associated with
‘reactor 22. Louvers 40 and 41, which correspond respectively to louvers 38 and 39, are
inlet louvers associated with reactor 23. The louvers shown in detail in figure 5 are

10 representative of the louvers used in the embodiment of the invention illustrated in

figures 5-9.

Each pair of corresponding louvers between adjacent reactors may be held in
place by means of horizontal bars or the like such as bars 42 shown in figure 6. In
15 figure 6, the louvers are held in place by weld joints 43. Each louver has a horizontal
upper edge 44 and a horizontal lower edge 45. The horizontal edges lie along parallel
vertical planes shown by lines 46, 47, 48 and 49 in figure 6. The distance between lines
46 and 47 and the distance between lines 48 and 49 is 4 inches in the embodiment shown -

in figure 6.
20
" The louvers shown in figures 6 are 11" long (i.e. the distance between the upper
-~ edge 44 and the lower edge 45 is 11"). The lowet_ edges of the louvers in a given
nd reactor inlet or reactor outlet are preferably spaced 8" apart as shown in figure 6.

Furthermore, the louvers shown in figure 6 are angled at 20° as measured from a

25 vertical line. For example, the inlet louvers associated with reactor 22 are angled at 20°
with: mpect to vertical line 46 and louvers 40 and 41 are angled at 20° with respect to
vertical line 49.

The arrangement of the louvers as shown in figure 6 produces louver inlets

30 having a 4" thickness due to the distance between lines 46 and 47 and the distance
between lines 48 and 49. Also,. as shown in figure 6, each of the louvers has a 3'4"
overlap with respect to the adjacent lower louver. This overlap is shown in figure 6 as

the distance between parallel lines 50 and 51 which are perpendicular to louvers 40 and
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WHAT 'S CLAI MED I S; 1 | L In um&eh ﬁdﬂ%ﬂggﬁ

for renmoving acid gas from combustion flue gas whi ch

conpri ses at a Iouver avity nmovi pg bed reacto r.containing a
3 A e St e oyt e ssomei wﬁwewhwé it ABcverithe

bed due to th&sﬁ&[&ﬁmefnﬂetlﬁuvers. gravity and which are capabl e of

reacting with said flue gas to produce a solid reaction 5
product; said reactor being defined by the space between a | ouvered inl et

e AN gl BPEp € MBS bbbl e G0 keSS Jobelal

havi ng overl apping I rouve
| ouvers fof tthe twosauyers aefifidsithe g&ahtdieheetdmtcslogh Thas Oinsfigutle 6¢ad@"dinlet siot d

s et ueeESHRRSMABHL BT W 5 B LR e

therethrough pds £f andedg] TRACRE typEeG Erdngé m&ﬁtli sk b b8 wide outlet slots

scrubbing particles so that they are wet while they are in said reactor:
means for fl owichgs outlet slot 18 shown finufiguras.t hr ough sai d reactor whereby said
gas enters the reactor through the inlet side 12 and exits said
reactor on the outlet side; wherein the inprovement conprises: said 13

means for 101 owi ng Ak ueted above) one O themivaages f tHecprégent &ivaktion i@ fthat ke fluwg
said gas through 14 the reactor at a velqcity to e ect a portion

“of the scrubb¥Hgapaflew dheoush theppaaeatys, t achigh duperticial velocity. Fighct or
and said appayeidcity dirélit e rtdbfor i6nB GeReify A HE R asféarméaﬁiﬁ'etpaﬁﬁé\ﬁ%@ictﬁﬁlﬁ% gas

16 -~ t hr ough; said _chanber "bei ng”| ocated al ongsi de the outl et
si de- of sai d pasticlesobeingrpresent. Flowing theegas throughs ai given geactps satwhispecified t s

sai d reactor

ej ect ed-from@gi&gfc&ﬁ@g@w lc??‘? %E%%r egchﬂgﬁé 6Pé£§0¥ﬁwn%lmuggeﬂll%6\§gtbpgﬁl‘a
that 19 15 unit timé {{flowate).i Iy orderstoi maigtain thiiga flowt makes when thechealntumtainss
insufficient to el\ntraJn at leagst .a 20 portion_ of the eAected _

scr ubbi ng parm%“\/\?tws‘ﬂﬁ orythe 838 R\flRy ‘!‘?ﬂ“&hé’ﬁ’%ﬁf RaTHsIe At
:?r Sbgrﬁgbggrt I cl es Zmpﬁmﬁﬁégmﬁw‘% ?ﬁﬁg?ﬁ%ﬁ%ﬁhzs
the flue gas resttigisthe (gas dlow by genfining the flow of gas to the space between the particies.
This higher gas velocity produces the carry-over problem when gas is flowed through
- 20 the reactor at a flow rate which is equivalent to the flow rate associated with a high
superficial gas velocity. Ina preferred embodimem of the invention, the outlet slots are
_ sized to have a cross sectional area .so that the velocity of the gas passing therethrough
-~ is insufficient to entrain any can'yfover particles which fall into the slot as the gas exits
the reactors through the spaces between the outlet louvers. In the embodiment shown
25 in figures 5-9, the outlet slots are 6" across and extend along the width of the reactor.

Consequently, the cross-sectional area for the outlet slot is sufficiently large so that the

Ty :'pamdes are not entrained in the flow of gas. Thus, the carry-over particles
which enter the outlet slot will fall to the bottom. In order to recover these particles,
the bottom of each outlet slot communicates with a means for recovering the particles.

30 Suitable means include a screw conveyor such as the screw conveyor 52 shown on the
bottom of outlet slot 18 in figure 8. Thus, in operation, the flue gas will flow through
the stone contained in the reactors via the inlet and outlet slots end, any carryover stone
which enters the outlet slots will fall down and be collected and recovered by screw
conveyor 52. The gas leaving the outlet slots will be substantially free of carry-over
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LA hAbel 7

1° 2. The &pparht Us- of cl - allal &M@%AQQ@

in the formof a slot 2 “ﬁ‘\ tensive wth said outlet
sitde of said reactor n‘\“‘ “‘“ » The apparatus of claim?2
wherein the cueLga 2 t hrough sai d reactor
I ncl udes an |nI et slot which |s co- extenswe with said inlet side of 3

sai d reactor. 1 : The apparatus of claim 3 which

further includes rfeans Ihan apparamsllﬁm regro®ing acid gas frons cornbsistion flpegas whish i nt o

h f th bi 1
barth ol ea. ¢ PRSI ool g 0P i Saehtoung Sed THAERF i%ne aser pav e bppdm
rentg/ed part ifgd Egntaining a movmg bed bPscridingOparfitles Wﬁlch qAGVeQiownWard in the bed

rei nt roducti on 't herein. The. apparatus of claim

4 wtt ch furt Keom thedop;tacthe he%me deyio the fasce e@ra\ﬂw and which are camb!q ofi reacting om
t he gottom 0%&1“@;&& ]E fi:ﬁ&idé@%%h& 9§acﬁ&i3éfddh&9 aﬁ&“r&c{o‘? 'lﬁviﬁg_aplamérsd frdet ! ©
t u t her @l n.

3 e reactor I ntroduction
6 side and a louvered outlet side; said louvered inlet side and said louvered outlet side
7 béing spaced apart from each other thereby defining a volume for containing said
8 scrubbing particles between said louvered inlet side and said louvered outlet side; said
9 louvered inlet side having overlapping inlet louvers with spaces between the inlet louvers
_}9 for the passage of flue gas therethrough into said reactor; said louvered outlet side
ek having overlapping outlet louvers with spaces between the outlet louvers for the passage
12 of said gas therethrough out of said reactor; means for wetting said scrubbing particles
13 s0 that they are wet while they are in said reactor; means for flowing flue gas through
14 | said reactor whereby said flue gas enters the reactor through the louvered inlet side and
15 exits said reactor on the louvered outlef side; wherein the improvement comprises:  said
16 means for flowing flue gas through the reactor means for flowing said gas through the
17 reactor at a velocity to eject a portion of the scrubbing particles from the louvered outlet
18 side of the reactor and said apparatus further including a chamber for the passage of flue
19 gas therethrough; said chamber being located alongside the louvered outlet side of said
20 reactor for receiving said flue gas which exits said reactor and for receiving scrubbing
~21 particles which are ejected from said louvered outlet side of the reactor; said chamber
) being sized so that the velocity of said gas which enters said chamber is insufficient to
23 entrain at least a portion of the ejected scrubbing particles within the gas flowing through
24 said chamber, said chamber having a bottom portion for collecting said ejected scrubbing
26
27 2. The apparatus of claim 1 wherein said chamber is in the form of an outlet
28 . slot which is co-extensive with said louvered outlet side of said reactor.
29 _ _
30 3. The apparatus of claim 2 wherein the means for flowing the flue gas
31 through said reactor includes an inlet slot which extends from the top to the bottom of
32 said louvered inlet side of said reactor.
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1 | 6. The appar at us of claim5 \iﬂ%ems h«.l &N&Vf@ge

recycling the particles fromthe botton1of the reactor and a
neans for recycling the partlcles fromthe botto of the slot
i nclludes a screw fonveyd¢ apparatug of claim 3 which further | mclpdes meanscfop ieodueing of

cl aipm 6 mhlc I t@&hﬁ%ﬁﬁ in
si de- by sider e?ﬁ}l#lg ﬁl@s Bred t?f)\ﬁf@')ce tméaﬁéﬁg%ﬁxow?% scrubpm;at us of
claim 7 wherein each reactor shares a common inlet slot 2 or

outlet slot w adjacen eact or ., 1 9. The
“appar at us of he inlet and outlet |ouvers of each 2
reactor are- ﬂ'ﬁm "ﬂﬂﬂﬁ vertical stack of overlapping inlet |ouvers
and a vertical stack of outlet |ouvers, thereby form ng a

substantially verti cal |nIet and outlet side for 4 each
reactor; said vertical stacks of louvers for each rehctor being about 15"
apart.to 5 define a reactor bed which is about 15" thick; said
inlet |ouvers and outlet |ouvers 6 associated with each reactor

bed being in the formof rectangul ar steel plates. each of 7

whi ch has an upper edge and a | ower edge; said inlet |ouvers and outl et

| ouvers 8 associ ated wth each reactor being nounted on about a
70[err] slope with the | ower edge 9 of each | ouver being closer
to the reactor bed with which it is associated than the upper 10

edge of each |ouver; said upper and | ower edges of each | ouver being about
11" apart 11 and said inlet and outlet |ouvers being vertically
spaced apart fromeach other in each 12 vertical stack of inlet
and outlet louvers so that there is a vertical distance of about 8" 13

bet ween the | ower edge of each inlet |ouver and a distance of about 8"

bet ween t he E

——
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A net hod for *erovingusu oxi de gas from conbustion flue gas 2
whi ch uses the apparatus of claim1; said nethod conprising flow ng said
fluelgas particles from the bayong f the reactor and npans for recycling thesergoved pattialesy bed

ggmmgvv;r ::Ii '[rﬁ fé’g@ﬁ @e;ﬁiﬂ)ﬁggpga%gﬁ ?T"Wl?’w%%%&?g? r&g%{%cgtglségﬁén ers said

react or 5 t hrough said inlet side and exits said reactor
throygh said outlet sidg: said flu as _bei, 6. Tl owed t hrough
sai dilscr ubbi ng par?i cl eSh& ARRAEANT ?‘%"b&i‘ﬂ‘“&gMF ingludes \ymqaps, ifory removing 7

€] eChs a por gy 16 frbRthe CBo#BRI BE dRAGUtleE |sfop ainﬂq{iéahb%:o&!ééy;@ﬁngsbﬂ& r&thoved®
reactor and said flue 8 gas flows through said chanber at a
vel 03i ty whi drarticles; fiomfthe bottam of thecoutletoslot tatthe tapsaf the reacr for reintroductiesr t i on
of the eject e‘qﬂ,@ﬁlrubbi ng particles whereby said porti‘on of said ejected
particles ’ falls to the bottom of said chanber as the gas
fl ows therethrough. 1 : 11. A nmet hod for renoving
sul phur oxi de from conbustion flue gas whjch, 2 "~ ..uses the

appal at us of claif8; sHiRPREERSPLE rﬁ!’hﬁ&‘“iﬁ‘ff@ﬂ%ﬁcf%gﬂfmﬁ%g‘&ﬁéﬂ'cm
SCrupbi ng ffom the bottom ofitAE dattof ind & hitahsfor rébyclilg e phrticRE Hom the/bakeRY
said particles nove downward by the force 4 of gravity to the
bot thm of ea®i thecRutlebslot inglydes hsrrewicanyesen.i cl es from the bottom of each

—

7. The apparatus of claim 6 wherein said at least one reactor includes a
2 plurality of adjacent reactors in side-by-side relationship.
1 8. The apparatus of claim 7 wherein each reactor shares a common inlet siot
2 or outlet slot with an adjacent reactor. '

9. The apparatus of claim 8 wherein the inlet and outlet louvers of each

reactor are arranged to form a vertical stack of overlapping inlet louvers and a vertical

_ stack of outlet louvers, thereby forming a substantially vertical inlet and outlet side for

~4 each reactor; said vertical stacks of louvers for each reactor being about 15" apart to-
-5 define a reactor bed which is about 15" thick; said inlet louvers and outlet louvers

associated with each reactor bed being in the form of rectangular steel plates, each of

which has an upper edge and a lower edge; said inlet louvers and outlet louvers

8 associated with each reactor being mounted on about a 70° slope with the lower edge

of eachlouver being closér to the reactor bed with which it is associated than the upper

10 edge of each louver; said upper and lower edges of each louver beinz about 11" apart

11 and said inlet and outlet louvers being vertically spaced apart from each other in each

12  vertical stack of inlet and outlet louvers so that fhere is a vertical distance of about 8"

13 between the lower edge of each inlet louver and a distance of about 8" between the
14 lower edge of each outlet louver.

——
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5 ' reactor; maintaining the scrubbi ng part |lg[’es‘0§ ’}qupi é‘j'w

during at least a portlon of the tinme that said partlcles are
in said reactors; said gas being flomed through the particles

in dach reactor aflla gds niethed faelremmyg \ihiphur oxide gas &'Opbﬁ‘tmb}ﬁtl@ﬂ flup gas
b |
V\h(ralrigb;/ngapg%g:?’t el g‘? a@ﬁ?‘%‘#‘s toﬁgl out fngl&]ﬁ}eﬁ‘t& c@hﬁknﬂ% ﬂgugm ﬁﬁég&sosal d

gas which exits through the outlet side of each reactor through said outlet
slots at 10 a vel ocity whi ch is insufficient to entrain at | east
a portion of the scrubbing particles which enters said outl et
sl ot s wher eby sal to the bottom of said outlet 12

slots; renmoving s mmlﬁ“EMHlIHmthe bott om of each outlet slot;

recycl ing said par I Ctest renmoved from the bottom of each
reactor and outlet slot to the top of each reactor for 14

rei ntroduction therein. 1 12. The nethod of claiml |
wherein the scrubbing particles are 1/32" to 1/4" 2 in dianmeter
and said particles are maintained in the wet state until they are renoved
from 3 t he bottom of each reactor. 1 13.
The nmethod of claim 12 wherein the scrubbing particles are No. 9 screen 2
si ze (AASHTO No. 9; DP= 0.10"). 1 14. The net hod of
claim 12 wherein the scrubbing particles are No. 8 screen 2 si ze
(AASHTO No. 8; DP=0.28").
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5. A net hod for renovy ur- oxi de from-conbustion flue gas which 2

useg the apparatus of ¢lajm9; said nethod i nt.roduci_ng |ipestone

serdbbing  Jrough a moving,bed of ¥et fimesions, spbing paislR, W MOV BICKBEY < d
paryi cl es md&%%ﬁﬂgéﬁ% f&gctBPaF&airfll wherein loﬁverai fGE Sadiehtérd ﬁri]d fé%ctﬁpt tom

of each reactor; re sald particles fromthe bottom of eac
readt or; nai thraighisaig lowneradcinleb side andoexits isaid eeactor through said lousenad putletiside;

particles are.renoved .6 f ram . bot of . r. flow ng
sai g gas thr?ﬁ‘iyﬁ“%ﬁ?sgbﬁ'?ﬁ g?w%q ﬁ‘éo"&f' s@@c’ﬁ%@ﬁ'&p@b&%f m"&ﬁ‘% i gﬁ@/\:&%ﬁé’ﬁf}{ sai d
gag 7 p\t/vs t hi eelgdityt witichrejetts g pbaibr?aff tirecscriibbingcpaptividsi fdne thei louveeaioutieesidor 8
oo A | St o s aid gk o o i et o Sy S 9
velgcity to pEgfibieft © caadin'dt Wlist ApGrtiBA OF Ml Jétted skRibbing particles W&r&%}esﬂﬁs
flow rate achieved wth a superficial velocity of 0.5ft. to 1.5 ft. per
sed8nd 11 portion of saidiejactedypatiqies: fallpto the hattomsef saich chamben as ithe gas Hows

ej ?t ed front{h%&ﬁ?ﬁ | et side of each 12 reactor and said ejected
particles en outlet slots; flowing said gas which exits 13

through the outlet side of each reactor .through said outlet slots; flow ng
said gas which 14 Xits throu the outlet side of each .reactor
thriugh sai d out | bk slﬁt@?ﬂ’%(ﬁl rsRPYing sglg s°’“%#°m com “s"°“tf£!'l°r§j'3§7 S0
thay the ga ] gbns : ' iheti ing L O
6 “usk} B pF LR ST g TomriRg MUl LR Ao Bhucting | o
scrdbbi ng paparticiésdstoithbe toptof eachaeactor whereby said patsisies amave downwarddytthefored ot s

eoyel i g ot ARy S HEDepA RS Gath it R0l e i o b ofeneh | o

sl o§ to the réfctor; maintaining tepscaibbimgpartickesdh arwek staterdairing apldast aiportioniofthe n.

6 time that said particles are in said reactors; said gas being flowed through the particles

7 ~ in each reactor at a gas flow velocity which ejects a portion of the scrubbing particles

8 from the louvered outlet side of each reactor whereby said particles enter the outlet slots;

9 flowing said gas which exits through the louvered outlet side of each reactor through said

10 outlet slots at a velocity which is insufficient to entrain at least a portion of the scrubbing

11 particles which enters said outlet slots whereby said particles fall to the bottom of said

-2 | outlet slots; removing said particles from the bottom of each outlet slot; recycling said

~13 particles removed from the bottom of each reactor and outlet slot to the top of each
14 reactor for reintroduction therein.

- .12, The method of claim 11 wherein the scrubbing particles are 1/32" to 1/4"

in didméféf and said particles are maintained in the wet state until they are removed from
3 the bottom of each reactor.
1 13.  The method of claim 12 &_vherein the scrubbihg particles are about 0.10"
2 in diameter.
1 14, The method of claim 11 wherein the scrubbing particles are about 0.28"
2 in diameter.
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having a m ni mumw dth of 6"

. The net hod ,@f claim.15 wherein the superficial velqci y i's about 0.75
12 Jor &k gieihod {61 Temtoving sulphur xide ffoppcomibusien Hse KBUWBhC | ai 1
15 gaher ei n ﬁ@@ﬁﬁmmm tRodl Cotprisin} ihtrGducing lime
di arreter hEE% Q ﬁﬁlﬁé The metrhgg oér culcalgm ;m\?ﬁg‘r:rglbn Fhe
scrubbi ng pambsésomeéomf each ee@cteewhe:eby said particlessinge downsiaidby\the focce DP=
BE&I ) of gravity to the bottom of each reactor; removing said particles frmi\%s SF ea%l;r HAS_

reactor; maintaining the scrubbing particles in a wet state until the partlcles are removed

6 from the bottom of each reactor; flowing flue gas through sald louvered inlet side of

7 each reactor whereby said flue gas flows through the movmg bed of scrubbing particles

8 in each reactor and exits each reactor through the louvered outlet side of each reactor;

9 said flue gas being flowed through the particles in each reactor at a velocity to produce
10 a gas flow rate equivalent to the gas flow rate achieved with a superficial velocity of 0.5
11 ft. to 1.6 ft. per second whereby a portion of the scrubbing particles are ejected from
12 the louvered outlet side of each reactor and said ejected particles enter the outlet slots;
-3 | flowing said flue gas which exits through the louvered outlet side of each reactor through
14 said outlet slots; said outlet slots being sized so that the gas flowing therethrough flows
15 at a velocity between 500 ft. to about 1500 ft. per minute whereby at least a portion of -
16 the scrubbing particles fall to the bottom of said outlet siots; removing said particles -
17 from the bottom of each outlet slot; recycling said particles removed from the bottom

- 18 of each reactor and outlet slot to the top of each reactor for reintroduction therein.
16.  The method of claim 15 wherein the flue gas is flowed through outlet

2 slots having a minimum width of 6".

-1 17.  The method of claim 15 wherein the superficial velocity is about 0.75 ft.

2 per second.

The method of cla_im 15 wherein the scrubbing particles are 1/32" to 1/4"

2

19.  The method of claim 17 wherein the scrubbing particles are about 0.10"

in diameter.
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tink of 12 hours in the reactors.

4 " 21.  The method of claim 19 wherein the scrubbing particles descend through

5 the reactors at a velocity of 1.4" per minute and the limestone has an active residence

6 time of 12 hours in the reactors. '

22.  The apparatus of claim 1 which further includes scrubbing particles in

said moving bed reactor, said scrubbing particles consisting essentially of limestone.

23.  The apparatus of claim 22 wherein the scrubbing particles are 1/32" to
1/4" in diameter.

24.  The apparatus of claim 23 wherein the scrubbing particles are about 0.10"
in diameter.

25.  The apparatus of claim 22 wherein the scrubbing particies are about 0.28"

in diameter.

26. The apparatus of claim 1 wherein said chamber is sized so that the

velocity of said gas which enters said chamber is insufficient to entrain substantially all

_ of the ejected scrubbing particles within the gas flowing through said chamber whereby

- entrained carry-over particles are substantially eliminated from the gas flowing through
said chamber.
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