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DESCRI PTI ONWRAIEBHD WET SCRUBBI NG METHOD AND APPARATUS FOR RFEWINSISG 1STULFUR
OX! DES FROM COVBUSTI ON EFFLUENTS 5 Technical Field The invention relates to
| nprovenents enabling the renoval of sulfur oxides (SOJerr]) from
conmbustion effluents with greater efficiency and with economes in capital
and operating costs. The conbustion of carbonaceous materials containing
significant amounts 10 of sulfur, including fossil fuels and waste, is

bei ng closely regul ated by governnents around the world. Conbustion of
these materials causes free radi- cals of sulfur and oxygen to conbine at
the el evated tenperatures involved to produce a variet of oxides of sulfur
which are referred to as a group as SCDESCRIRFDNat i ons are in place in
many countries to reduce the amounts of sulfur 15 oxides released to the
at nosphere to alleviate the problens associated with acid rain. Numerous
strategies are being enployed to reduce the discharge of SJerr] to the

at nosphere. Anong these are nethods for cleaning sulfur fromfuels prior to
conmbustion, nethods for chemcally tying up the sul fur during conbustion,

and 20 nethods for renoving the sul fur oxides from stion effluents.
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SJerr], are wet and dry scrubbing. scru ogy is well
devel oped and effecti ve SUIKFUROXIDES FROM COMBUSTION EFFLUENTS

5 Technical Field

The invention relates to improvements enabling the removal of sulfur
oxides (SO,) from combustion effluents with greater efficiency and with
economies in capital and operating costs.

The combustion of carbonaceous materials containing signiﬂcént amounts
10  of sulfur, including fossil fuels and waste, is being closely regulated by
governments around the world. Combustion of these materials causes free radi-
cals of sulfur and oxygen to combine at the elevated temperatures involved to
produce a variety of oxides of sulfur which are referred to as a group as SO,.
Regulations are in place in many countries to reduce the amounts of sulfur
15 oxides released to the atmosphere to alleviate the problems associated with acid

rain. ..

Numerous strategies are being empioyed to reduce the discharge of SO,
to the atmosphere. Among these are methods for cleaning sulfur from fueis prior
to combustion, methods for chemically tying up the sulfur during combustion, and

20 methods for removing the sulfur oxides from combustion effluents. Among the



very | arge equi pment has been required and costs are proportional. The

t echnol ogyo dx33syet scrubbi ng combustion effluents to remyerbhsfisy °
provi des gas-liquid contact in a nunber of different configurations. Among
the nost prom nent are the single- and doubl e-1 oop countercurrent spray
towers and towers which enpl oy both cocurrent and countercurrent sections.
The singl e-|1 oop, open-tower systens errpl_é)_yi ng cal cium carbonate to react
with the SOerr] are the sinplest in construction and operation. These
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situations by their |arge size. For exanple, because they do not enploy any
trays or pa¥¥Vigerquinenhasheaniequired ape sostsare propmstionalnd t he scrubbi ng
liquid, tower heights are typically high 15 and many |evels of spray
nozzl es have been enpl oyed to assure good contact. In open spray towers,

the ability of tTie technblogyfor wetscrubibingbombhstisn effluentsitb eemiage Sepends on
t he avail abili tdy of alkalinity in the li1quid. The npst cost effective
eh
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packi ngs angwereyichempios botrs ocduirient ahil cohtrdlirfeht @abionign car bonat e | onger
in the gas- liquid contacting zone, thereby providing a nmechanismfor nore

di ssolution and, as a result, nore efficient use of the scrubbing |iquid.

Qpen spray tower t g t Vi Iyagc ' d relatively
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scrubbing liquid into the tower. WD 95/ 33547 :
PCT/ Usd¥) o 7areéoften preferred because they can be operated with low pressure drop and
have a low tendency to scale or plug. The advantages of their simplicity and .
reliability have, however, been offset in some situations by their large size. For
example, because they do not employ any trays or packings to improve contact
between the effluent and the sdrubbing liquid, tower heights are typically high

15 | and many levels of spray nozzles have been employed to assure good contact.

In open spray towers, the ability of the scrubbing liquid to absorb SO, from
the gas depends on the 'availability.of alkalinity in the liquid. The most cost
effective source of alkalinity for wet scrubbing systems is generally accepted to
be calcium carbonate. Unfortunately, caicium carbonate solubility usually

20 decreases with increasing alkalinity in the scrubbing liquid. Towers with packings
~ and trays improve absorption by retaining calcium carbonate longer in the gas-
liquid contacting zone, thereby providing a mechanism for more dissolution and,
as a tesult, more efficient use of the scrubbing liquid. Open spray towers, on the
other hand, are typically designed relatively taller to provide for as long a contact
25 time as possible, often with muitiple spray levels to facilitate the most efficient
introduction of scrubbing liquid into the tower. |



-3- It woul d be desirable to inprove single-loop, open-tower wet scrubbing
enpl oyi ng HPEBIMTar bonate for treating SJerr]-1aden conbuBETESNS07167
effluents, by inproving process efficiency with a correspondi ngly higher
process economny whil e decreasing the overall size requirenents of the
tower, inproving calcium5 carbonate utilization, maintaining high
reliability, reducing energy consunption, 3ad achi‘eving high throughputs
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been suggested, but the nost referred are those which are effective
wi t hout hiQh abemicaladditives.s and can be

Background Art

The design and operation of single-loop, countercurrent spray towers
utifizing limestone is discussed by Rader and Bakke, in incorporating Full-Scale
Experience Into Advanced Limestone Wet FGD Designs, presented at the IGCI

15  Forum 91, September 12, 1991, Washington, D.C. ( formerly the Industrial Gas
Cleaning Institute, now the Institute of Clean Air Companies, Washington, DC)
Open spray towers (i.e., those not having packings, trays or other means for
facilitating gas-liquid contact) are simple in design and provide high reliability.
They are especially useful in coal-fired power stations where the evoiution of

20 chiorides has caused a number of problems, including reduced reactivity of the
scrubbing solution and severe corrosion of scrubber internals. Another factor
favoring the use of open spray towers is their inherent low pressure loss and

resulting fan power economy.

The use of a variety of reagents has been suggested, but the most
25 preferred are those which are effective without high additive levels and can be
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pur chasedwetoszsa7 cost and stored and transported w th m nipeEdysaReied
handl i ng. Cal ci um carbonate (conmercially available in a nunber of forns
including linestone) is a material of choice because it neets these
criteria and, when properly processed, yields process byproducts that can
be easily disposed of as 5 landfill or g@ld as gypsum In single-I|oop,
countercurrent, open scrubbing towers of the type discussed by Rader and
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t ower s i & ndandfilbensoldas gypsumal val ues will be on the order of from about

6 to about 15 15 neters, historically considered an inportant factor in
engi neering an efficient systemwhich can be expected to reliably renove at
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influence on the liquid-to-gas ratio (L/G), a key factor in both capital and
operating expenses. The height of the spray contacting zone in these towers is
not given, but typical values will be on the order of from about 6 to about 15

15 meters, historically considered an impdrtant factor in engineering an efficient
system which can be expected to reliably remove at least 95% of the SO, from
combustion effluents. ' '

In conventional towers of this type, the ratio of the quantity of slurry to the
quantity of gas (L/G) is said to be arguably the single most significant design
20 " parameter. The L/G affects the cost of pumping, the cost of holding tanks and
other operational and economic factors. The cost of pumping the limestone
slurry increases proportionally with the tower height. It would be desirable to
decrease L/G requirements and height for open spray towers.

Sulfur oxides (SO,), principally SO,, are absorbed in the descending
25 scrubbing slurry and collected in a reaction tank where solid calcium suffite and
solid calcium sulfate are formed. Desirably, the reaction tank is oxygenated to
force the production of the sulfate. Once the crystals of sulfate are grown to a
sufficient size, they are separated from the slurry in the reaction '__tank.



solid calciumsulfate are formed. Desirably, the reaction tank is
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types of towers have sone advantage in terns of decreased 20 operating

costs, they prieasta padigntaf ihefines mmaoverh Neithetiof the desasiptiens ghthese qui d
approaches, however, indicates how the use of a hydrocycloné as a primary
dewatering device can be employed to improve overall process efficiency with.a
correspondingly higher process economy while decreasing the overall size

15 requirements of the tower, improving reagent utilization, maintaining high
reliability, reducing energy consumption, and achieving high throughputs with
high percentage SO, reduction.

The art has aiso provided packed towers. Rader and Bakke point out that

while these types of towers have some advantage in terms of decreased

20 operating costs, they present additional risks. The packings or other gas-liquid
mixing means can become clogged or corroded and cause unadceptab!e bypass
or pressure drop, resuiting in prolonged periods of downtime. It wouid be
advantageous to have an open tower which had the advantages of the packed
towers, but which did not require the packings, and was smaller than open

25 towers of conventional construction.

The prior art does not directly address the points necessary to achieve
improvements that, in the context of single-loop, open-tower, countercurrent
limestone wet scrubbers for SO, reduction, permit results comparable to
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packi ngs or dskeciatedbvithithens.soci ated with them 1In single-Ioop,
countercurrent, open scrubbing towers of the type discussed by Rader and
Bakke, a scrubbing slurry conposed of calcium5 carbonate, calcium
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These scrubbing towers are relatively economcal to construct and ogerate,
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10  Once the crystals of sulfate are grown to a sufficient size, they are removed from
the reaction tank and separated from the slurry. Soluble impurities, such as
chlorides, are also wifhdrawn. These scrubbing towers are relatively economical
to construct and operate, but costs in both areas are dependent on the reactivity
of the scrubbing slurry. Indeed, the costs are detrimentally impacted by high
15 dissolved chioride concentrations in the scrubbing slurry which suppress the
reactivity of the calcium carbonate.

It is known to reduce the chloride content of the scrubbing slurry by the
use of a blow down stream. Typically, the biow down is taken from the reaction
tank or from water recovered from gypsum recovered from the process.

20 For example, in U.S. Patent No. 3,995,006, Downs, et al. withdraw slurry
from an absorber sump, pass the slurry to a hydrocycione separator, to separate
a stream high in fine particles of calcium sulfite from a stream high in relatively
larger particles of calcium carbonate. Following a second separation of the
calcium sulfite, a thickened stream containing the calcium sulfite is discharged.

25 In most situations, the discharge of large amounts of water in this manner |
controls the buildup of chloride in the system. However, the discharge of Iafge
amounts of water is undesirable from both the environmental and economic

standpoints.
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waste. However, 1t wll| be apparent fromthe description of the present

i nvention, thatHowever, it will be apparent from the description of the present invention, that
reversing this strategy, while stili blowing down a portion of the water to control

chlorides, can facilitate increased reactivity in the system.

In a paper by Rosenberg and Koch, published in the 93rd Bimonthly

15  Report of the Stack Gas Emissions Control Coordination Center Group, July
1989, a hydrocyclone loop installed on an FGD (flue gas desulfurization) plant in
the Netherlands, like that in Rogers, et al., separates a gypsum siurry from a wet
scrubber into a coarse solids stream and a fine solids stream, with all of the fine
solids stream being returned to the scrubber. By operating in this manner, blow

20 down is not taken from this stream and must be taken elsewhere. The process
diagram of Figure 2 of that paper, shows blowdown being taken‘from a vacuum
belt filter. Removal of water from this point in the process will controi chioride,
but it does so by removing higher amounts of water than necessary, since the
water so removed has been diluted by fresh makeup water used to wash the

25 gypsum.

The prior art does not directly address the points necessary to achieve
reactivity improvements in the context of singie-loop, open-tower, countercurrent

limestone wet scrubbers for SO,' reduction.
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i nvention to provi processes and apparatus for wet "scrubbing
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i nventi on PO FIMARIAR i nproved singl e-1 oop, open-tower, countercurrent
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It is a further object of the invention to enable operation of single-loop,
open-tower, countercurrent limestone wet scrubbers at reduced L/G values.

10 It is a yet further object of the invention to reduce the size of single-loop,
open-tower, countercurrent limestone wet scrubbers.

It is another specific object of the invention to increase the velocity of the
flue gas through single-loop, open-tower, countercurrent limestone wet scrub-
bers.

16 It is yet another object of the invention to improve the design and location
of entrainment separators and mist eliminators in single-loop, open-tower, coun-
- tercurrent limestone wet scrubbers to effectively demist scrubbed effluents and
change their direction away from the roof of the scrubbing tower.

it is a yet further object of the invention to improve the operation of single-
20 loop, open-tower, countercurrent limestone wet scrubbers to reduce the
residence time of gypsum crystals in the scrubber and enabie the use of a
hydrocyclone to separate them from smaller particles of limestone.
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is still another object of a preferred embodi ment of the invention to im
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10 It is a yet another object of a preferred embodiment of the invention to im-

prove the operation of single-loop, open-tower, countercurrent limestone wet

scrubbers by improving the arrangement of the spray nozzles to minimize the

amount of gas passing through without being treated and to achieve effective

gas-liquid contact with a reduced number of spray nozzles.

15 it is a further object of a preferred embodiment of the invention to improve
the operation of single-loop, open-tower, countercurrent limestone wet scrubbers
by maintaining a high reactivity in the scrubbing siurry, improving limestone
utilization, and providing an overall improvement in process efficiency.

it is still a further object of the invention to improve the operation of single-
20 loop, open-tower, countercurrent wet scrubbers by providing an efficient means
for purging chioride from the scrubbing liquor.

These and other objects are accomplished by the invention which
provides both improved processes and apparatus for wet scrubbing, particularly
the scrubbing of effluents from the combustion of sulfur-containing fuels such as

25 coal and solid waste.



wet scrubbers by achieving effective liquid to gas contact within a

scr ubbi ngoaesss4pf reduced height utilizing a reduced nurrtﬁ(r}.,ﬁg (67
| evel s. 10 It is a yet another object of a preferre r%o@l ment of

the invention to im prove the operation of single-Iloop, open-tower,
countercurrent |inmestone wet scrubbers by inproving the arrangenent of the
spray nozzles to mnimze the anount ofypgas passi ng t hrough w t hout being
treated and to achieve effective gas-liquid contact with a reduced nunber

embod ment of  CReTegapech e [vehfof iatobRE R sHETdof opndbiet o fftes

open- t ower cureem mhmsmﬁdwetsdmmng pmbesstfocsmuubnhgrtﬁe Runeaitritiohvf SD,2 hi gh
reactivity in the scrubbing slurry, inproving |inestone utilization, and

provi di ng @FnsipaluSO.) ndflus.eares: If Anphescbs invention preyides aniimpeved| a
further obj f.?ﬁraﬁ’xfs ng B fhe' HBed “’ﬁ%rtoogm%;ﬂ% ?r})t%/ &Hl tzé dg#?@]eﬁllgl ont

| oop, open- ercurren wet Sscrupbers

means fSor getayimedbliowing descrptionh T proebss|dn sumntdry, J&rﬁgﬁsésn apt her
obj ects are acconplished by the invention which provides both mgroved

processes @fﬁpﬂam?aﬂcm efsﬂ%aa&@?nt@mgaspagpwasmv ﬂarepah eyvertieal serubbingng of
effluents g H%uﬁ{;@%ggygg@ﬁ gretdtdrthar 8Bb& 4'5"gnd PritSrabliflh & aout©?

and solid wast €.

PCT/ US95/ 06 Ifiéters. er setonde(b) Imtesduciriginto & verticaPscrubbing\seetién Githi said 0op,
open-tower, counter- current |inmestone wet scrubblng process for reducing

the concerfoWgri & apray ofdroRletsiaf anrauepuseluy of finelkdividedsalaiumanot her, t he
ven e BB AR RIBME TGN . SRFARRF A RE B S "o ¢
descri pt i ogalciliihecabondte preferatsly Aawng a Wight imedRin didineter of 6y or less with
99% by weight less than 44y, and a total molar ratio of calcium;containing to
sulfur-containing compounds in the golids of at least 1.1 to 1.2, to contact the flue
gas while descending through the tower countercurrently to the flow of flue gas;
15  (c) collecting the slurry in a reaction tank after contact with the flue gas; (d)
withdrawing slurfy from the reaction tank, preferably after an average residence
time of eight hours or less; (e) subjecting slurry withdrawn from the reaction tank
to a dewatering treatment, preferably in a hydrocycione, to provide a recycle
stream composed of the hydrocyclone overflow rich in fine particles of caicium
20 carbonate and having a total molar ratio of calcium-containing to sulfur- |
containing compounds of 1.3 or greater and another stream composed of the
hydrocyclone underflow rich in calcium sulfate particles, preferably having a
weight median diameter of from about 25 to about 55y; (f) returning to the-
process a major portion of the recycle stream rich in calcium carbonate; and (g)
25 introducing fresh caicium carbonate and other non-reactive solids as feed into
the system in amounts sufficient to replace the calcium withdrawn and not
recycled as well as that dissolved and reacted with the SO, absorbed in the liquid
phase in the scrubber tower, said finely-divided calcium carbonate having a
weight median particie size of less than about 10p as introduced.



directing a flow of flue gas containing S err] upwardly through a verti cal
scrubbi ng t oWe95@8542 bul k fl ow vel ocity of greater than about pdr/osesiiss7
preferably up to about 6, meters per second; (b) introducing into a
vertical scrubbing section within said tower, a spray of droplets of an
aqueous slurry of finely divided calcium 10 carbonate, calciumsulfate,
calciumsul fite, and other non-reactive solMds, the cal cium carbonate
preferably having a wei ght nedian diameter of 6[err] or less with 99% by

wei ght | ess than 44[iewidrefened that theluriPhé intfatiuced Honf Shral Weze1e8! itdth&nd ©
sul fur-contai ni ng conpounds in the solids of at least 1.1°to 1.2, to
contact the fl etyaen wpward dnd dowawagd otientatjon fiom twonspray develsspageddrarhy t o

the fl f fl ren L | |l ectjng.t I ' ' k..
after cont act ROy e SPoygbe iiers e Wi s prefetrée sy oo B ey baghe i
tank, pref erablife bk coladitR/ 2B HeRESs HEPaboutss, @hdPréferatihp Wss than bBSS 4,
(e) subjecting slurry wwthdrawn fromthe reaction tank to a dewatering

treat nent, Prefraeters in height, By itrhas\hdeprdsterningd dhatdeightis ngtcsceimpartamtfor

d of the_fk | fl ' in_fi icl f | ci 20
car bonat e and eI, Femoya Psfk phmore.pf tiepOL o ShrbtistR st o R r -
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hydr ocycl one underfl dw rich 1n calciumsulfate particles, pre avi ng
a wei ght nedi atheliopetating bafk velocityadfdlue gas passingvertisally, thidughrthe sprayng t o

the process a major .portion of the recycle streamrich in.calgcium

car bgnate; and facggg ZPIH?T i‘?{ﬁyppgéﬁcﬁoﬁscﬁ%ﬁ?@:arﬁﬁlﬁf‘@ n&ﬂgcgf‘glgie area
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and react ed wi Emeters Ser seconut: Gbis highemelodity provides aemeans ofsuspendingriiquid

tower, said finely-divided cal cium carbonate having. a ight medi an
Dol el st ze O tHewer ROl BREARNIEIOWRT e ah, B1d tout S0dingsae5ng Ds rays

PCT/ US95/ 07167 for liquid holdup, and the liquid so suspended is more reactive due to the
increased time for dissolution of the calcium carbonate. Hence a distinct
15 advantage of the invention is to increase tower contacting time without adding
tower height, while at the same time maintaining the simpilicity of design,
construction, operation, and maintenance of an open spray tower.

In the more preferred embodiments, the median size of the calcium
carbonate particies in the reaction tank is maintained within the range of from
20 about 2 to about 6y, and the weight median particle size of the finely-divided
" calcium carbonate as introduced is tess than about 8y, with at leést 99%
(e.g.,99.5 %) by weight of the particles being less than 44.

It is advantageous for all countercurrent, open spray towers, packed
towers, or towers with trays, that the molar ratio of calcium-containing to suifur-
25 containing compounds in the solid phase of the scrubber slurry be high. High
ratios make more alkalinity available for SO, removal, thus improving the
absorptive capacity of the liquid. However, in current processes, a high ratio is
not economical because valuable calcium-containing compounds, specifically
calcium carbonate, will be wasted with the removal of sulfur compounds via the



-11- It is preferréd that the slurry be introduced from spray nozzl es,

al t er nat iwpspgsspeen upward and downward orientation fromyg éﬂ@uﬁg foe7! evel s
spaced fromabout | to about 2 meters apart. It is also preferred that the

total tower height in the spray contacting zone be |less than about 6, and

preferably | ess than about 4, 5 neters in height, as it has been

determ ned that height is not so inportafnt for reliably renmovi ng 95% or

more of the SJerr] from conbustion.effifents. S an advant age of the

I nvention that .the to*e drlarrete can be rel atlvel so _that the
Mot

operati ng Waterng, 3y heifvergion B Rl v&'ﬁ'f ?iCH'PPHIRJﬂ R spray

contacting tﬁé%ﬁraﬂé%ﬂf&ﬁﬂc%é%d%aﬁ@n%dﬁi@boﬁéé?ﬂra%&ﬁ igfflicRCt i ng the
area 10 taken Uﬁ by spray headers and nozzles, be no |l ess than 4.5 and
an

preferably hx]lherd mmxcpldy VlablecfntiOthEh B}tsmmghewhe@ ut;hzlmg/ttm prefefead a means
of suspendi

W thout - addeAgsASier Rytisle fiz4 588 paF-ipHRL oA B Tvbordiie F eRRvel’

suspendgd ii§criBéifg tREFdIatiR cHiRehPalidifof AvdilaBreshidilimBarcPalkalifi§Ih wid on of the
cal cium carbonate. Hence a distinct 15 advantage of the invéntion is to

i ncrease tdamk. contacting tine wi t hout adding tower height, while at the
sane tinme maintaining the sinplicity of design, construction, operation,
and mai ntenance of an open spray tower. In the nore preferred embodi nents,

the median size iRind BRfdRbd emBARTENE NS sEAIbbirY Biver Rolbfisbe af(eagal ank s

mai ntained within the range of from 20 about to about 6[err and the
wei ght nedifuist endrainroent sapzeatonrthmdverms:gntﬁcanMOMIafltherenuahedat e as
i ntroduced is. Jess t
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“that the nolar ratio of calciumcontaining to sulfur- tai ni ng
conpounds idiaméaters lﬁssdham abeutdf00praresfimindted eather by/ dtappingythent-butofithei os

make nore al aI|n|t able for S hus rovln the

Absor bt ve RNt r SOBFOIRRHAY e § orl Btser drovlets atich SoR mrBsasty Ba. n gh

ratio 1s  removed by a downstream mist eliminator. The first entrainment separator is
preferably followed by a generally vertical mist eliminator.

16 In another aspect, the invention provides an improved wet scrubbing
process for reducing the concentration of SO, in a flue gas, comprising: (a)
directing a flow of flue gas upwardly through a scrubbing tower; (b) introducing a
spray of an aqueous slurry of finely-divided calcium carbonate, calci(xm sulfate,
calcium sulfite, and non-reactive solids to descend through the tower

20 countercurrently to the flow of flue gas, the weight median size of the caicium
carbonate particles being within the range of from about 2 to about 6y; (c)

. following contact with the flue gas, cpllecting the slurry in a reaction tank; (d)
maintaining a high reactivity in the slurry by withdrawing slurry from the reaction
tank and subjecting slurry withdrawn to treatment in a hydrocyclone to provide a

25 recycle stream rich in fine particles of caicium carbonate and non-reactive solids
and another stream rich in calcium sulfate, both of said streams containing
dissolved chlorides, and discharging calcium sulfate as solids and a portion of -
the recycle stream rich in calcium carbonate and non-reactive solids to remove
soluble chiorides and non-reactive solids; and (f) introducing fresh calcium



not econom cal because val uabl e cal ci um cont ai ni ng conpounds, specifically
cal ci um car hweesa354%i | | be wasted with the renoval of sul fur poresAssevi a
t he WO 95/ 33547

PCT/ US95/ 07167 -12- dewatering system The invention permts operation with
a scrubbing slurry in the spray tower for which the solid cal cium carbonate
concentration is nmuch higher than econom cajgy viable for other systens.
When utilizing the preferred conditions of particle size and gas-liquid

cont'act, the h)t.é'i&ﬁé@é Qg%éém?é frRCdystémiim aﬁxouhfssém&eﬁaotrasia&s Itﬁé béﬂemm

concentration of available calciumand al kal i ni ty in the tank
preferred emboithdrawn duado sandmam}nmautoatpuunse@faae and said aomongf said

f th
i Sture andt SEOIS PSR ASREreeh Sad ey Ao R capherB Vo F weiaint oo
from10 the V%tfdlﬁﬁ‘baﬂﬂésﬁé oﬂé%sttﬁéﬁ?bouﬂ()plés Mebacegd form the

maj ority of droplets having dianeters [ess than about 100[err] are
elimnated eit her by dropping them out of the effl uent or consol i dati ng

themto formlarger Iets whi ch can ,nor S a_ ..
downstream ti st el | r-lr-ﬂ W@F@mé ﬁg §gb§r£§‘°t%?n repgiivity;
followed by a greradiy Yhé’@ﬁgi ﬂhﬁﬁ n e @a%ﬂéﬁiankjfé Wlthln the r'aﬂgéfb?%ﬁ{
aspect, the invention provides an roved wet scrubbing proceSs for
reduci ng t he caboahs. Datmabnubﬁ 3sanhd mdstipreferdhily in thesange obfrom ahput E28 to
directing a flo I ue gas upwardly through a scrubbing tower; (b)
I ntroduci ng a ?g an aqueous slurry of finely-divided cal cium
carbonate, cal cium suI fate, calciumsulfite, and non-reactive solids to
descend through the tower 20 countercurrently to the flow of flue gas, the
wei ght nedi an si ze Dfestrbhlypmeanular catichofrealciumessantaihing tbsulfgr—wntblnmg he
range of f r8m about 2 to about g g 2']
compounds in the recycle stream is maintained at a value greater than about 1.3,
preferably above about 1.4. Also, it is preferable to maintain a suspended solids
concentration of less than about 15%, and most preferably less than about 5%,
in the recycie stream. Preferabiy, the process further includes determining the
chioride content of the slurry, and discharging a portion of the recycle stream
15 should the value exceed a predetermined maximum allowable chioride content.
Even more preferably, the process includes determining the solids density of the
recycle stream, and discharging a portion of the recycle stream whenever the
solids density exceeds a predetermined control value. In this last matter, the

fraction of non-reactive solids are controlled.

20 In another of its aspects, the invention provides an improved wet
scrubbing apparatus for reducing the concentration of SO, in flue gases,
comprising: (a) a scrubbing tower comprising a gas iniet duct, a gas outlet ducf,
and a vertical scrubbing section, configured to direct a flow of flue gas containing
SO, upwardly through said scrubbing section; (b) an array of spray devices

25 positioned within said scrubbing section configured to introduce a spray of an
aqueous slurry of finely-divided calcium carbonate, calcium sulfate, calcium
sulfite, and non-reactive solids to descend through the tower countercurrently to
the flow of flue gas; (c) a reaction tank located below said array of spray devices



following contact with the flue gas, collecting the slurry in a reaction
tank; (dyowmB3asami ning a high reactivity in the slurry by pgyinfdsayieng slurry
fromthe reaction tank and subjecting slurry withdrawn to treatnent in a
hydrocycl one to provide a 25 recycle streamrich in fine particles of

cal ci um carbonate and non-reactive solids and another streamrich in

cal ciumsul fate, both of said streans ggntaining dissolved chlorides, and
di schargi ng calciumsulfate as solids and a portion of the recycle stream

richinc

Chl or | des. e AEkE EoRERGH Bt B IIRY oREPG aeliba SFLbigel fith SIS R, wo
95/ 33547 said vertical scrubbing section, said reaction tank being of 8Size Sifitabfe/ib67 - 13-
carbonate as feed into_the systemin anounts sufficient to replace the

cal ci um wi PefRIRRCHeR of e3P awih Hie ealclym earoonale todean grystals Pheypsum sai d
Car bonat o TG aVEGh Gediah PAMAR SIEATGIECat eagt ol iries tif o riarfide "

car bonate an parti c Op as

i nt r odug edof ¢'alc|um carba'ﬂlutemddedsasfaed n(d) means fot supplyihg phiciumh barbohlfd al so
enhance reactivity. Preferably thec{%H of the slurr i.n the reaction tank is

wi thin t heWitBagueight mﬁewmleglze desatban apoyt %mth&q%erme@sme in the

f f
'Ezglng?u(r)n coél%'%lg%gsttgaﬁlﬁﬁur coﬁttgﬁﬁﬁdn'gs%é r’rb{)etz%%sd}gkg uhn&astdg@{ygl e stream
i s mai nt ai medngtomprisingaatigastione purmp amldcas‘sod:lafbd corefultrfobwithdramieg about

1.4. Also, it is preferable to maintain a suspended solids concentration of
| ess than %IHEFMTOMB'MP reagtiontankandr dslivering skisy toisaid amaef spray devices recycl e

cLrearfo P Ehied SRl GrBanG UEHISF (0 BEHT SR Fidhafes BBl o oo
shoul d t heingiiding £kgdredycloné edpilsie Bf separating Suid sllrinpiPdaie réddtidhitdgk cont ent .
info a stream rich in small particles of calcium carbonate and ndn-reactive solids
and relatively larger particles of calcium suifate, at least one pump and
associated conduit for withdrawing slurry from the reaction tank and delivering
15  slurry toa hydrocyclone, a recycle conduit leading from said hydrocycione to said
reaction tank to carry a recycle stream rich in calcium carbonate and non- |
reactive solids from said hydrocycione, a calcium sulfate slurry recovery conduit
leading from said hydrocycione to remove slurry rich in calcium sulfate from said
hydrocyclone, and a discharge conduit in communication with said recycle
20 conduit and adapted to remove a portion of said recycle stream from said recycle

conduit.

One effect of these improvements is a tower which is about one haif the
weight and volume of the current 6pen-tower scrubbers. Process efficiency is
improved with a correspondingly higher process economy while reagent

25 utilization is improved, high reliability is maintained, energy consumption is
reduced, and high throughputs with high percentage SO, reduction are achieved.



Even nore preferably, the process includes determning the solids density
of the recy®@933384¢%am and di scharging a portion of the recy®credosonsy
whenever the solids density exceeds a predetermi ned control value. In this
| ast matter, the fraction of non-reactive solids are controlled. 20

I n another of its aspects, the invention provides an inproved wet scrubbing
apparatus for reducing the concentration 0f4550, in flue gases, conprising:
(a) a scrubbing tower conprising a gas inlet duct, a gas outlet duct, and a

vertical scrublBrid Dedtription SOt Drdiflgso direct a flow of flue gas
containing SJerr] upwardly through sal d scrubbing section; (b) an array of

spray devices 25 p03|t|oned W thin said scrubbi ng section configured to

i ntroduce a spray o agueous of . finely aI ci um car honat e,
ol 1 um surf are. callbe Medtes WiLSe Badr Giasradorand i A fotiss pllipaieter
through the t oapbréaiwa frofithed8idwing Qetditdldeddrigtior, 'eﬁgeé@? whén réad BAfH: O
tank | ocated bel ow said array of spray devices WO 95/ 33547

PCT/ US95/ 07167 of the-accompanying drawingst wberei: t he slurry after a period of

contact with said flue gas within said vertical scrubbing section, said
reaction tank being of a size suitable to permt reaction of the SJerr]

with the cagcium Paﬁgﬂﬂ?ﬁ?sé%cﬁ&hah&vaéﬁiéﬂé @fe@é@émﬂﬁé%ﬁh&‘@k&%s of

medi an particle dianmeter at least two tines that of the particles 5

cal ci um car bonttecinuentioh ermploying;a $idylesteapsopen-tawarpeguniercuerent ltmestane(weit e
with a weight ne n particle size of less than about 10[err] with 99% or
more of the pa??’PbS@% less than 44[err] as feed to said reaction tank; (e)
a spray slurry supply nmeans conprising at | east one punp and associ at ed
conduit for wthdrawing slurry fromthe reaction tank and delivering slurry
to said array of spFigyrel2is amoré@ietapmhsdnemaﬂlc\mevhpﬁasarubbmgtmbm”mgthe

section; (f) a %Ieusrh%nc*n%ll %{T‘BI nt enance system

10 Figure 3 is a partial side elevational view of the arrangement of spray
nozzles in two spray levels shown in the tower of Figure 2;

Figure 4 is a bottom plan view of the spray nozzles in the two spray levels
for a spray tower of the type shown in Figure 2; and

Figure 5 is a perspective view of the entrainment separator shown in the

15  spray tower of Figures 1 and 2.

Industrial Applicability

- The improvements of the invention have preferred application to coal-fired
utility boiler flue géses, and in some aspects are particularly effective for high
chloride operations such as incinerators. While the advantages may be the

20 greatest in these types of operations, the invention is by no means limited to
them. Effluents from the combustion of all types of carbonaceous materials can
be treated, aiso including natural gas, synthetic gas, fuel oils, bitumens and



i ncl udi ng a hydrocycl one capabl e of separating said slurry in said reaction

tank i niwpes/ssgzeamrich in small particles of cal ci um capbg/igésprasd
non-reactive solids and relatively larger particles of calciumsulfate, at

| east one punp and associ ated conduit for withdrawing slurry fromthe
reaction tank and delivering 15 slurry to a hydrocyclone, a recycle
conduit | eading fromsaid hydrocycl one_40 said reaction tank to carry a
recycle streamrich in cal cium carbonate and non- reactive solids fromsaid

v ooyl Rt SR Atiesl redintltal IR o PRPdpbRdaRg, ahe™ == ©
hydr ocycl ogs jil@nd a di scharge conduit in comrunication with said recycle 20

conduit and adapted to renove a portion of said recycle streamfrom said
recycle conduit. One effect of these inprovenents is a tower which is about

one half the wei 0f . 0 - [ ers. Process
efficiency is i Iﬁg&}@g&#ﬁg&gﬁg% F%gégﬁﬁ%gﬁ&%&é%%eé@@%ﬁ%orry whi | e
Teagent 25Figiiré |1iwmbihi§1abhgiéllbbﬁ)/@|§bn-’tdv@§h colntéitumehylimeéstone WelisBab- ener gy
consunption 1s reduced, and high throughputs with high percentage SO

reduct i dn Bing cpesatian-for removipg $yifunexiges, principally as SO,, from combustion :
PCT/ US95/ Oéﬁ@; :15- Brief Description of the Drawi ngs The invention will be
better und BE?d and its advantages will be better appreciated fromthe
followi ng detailed description, especially when read in Light of the
acconpanyi ng draw ngs, wherein: 5 Figure 1 is a schematic view of a
preferred embodlimestons istthe prefetred form of ealcium earbpaatedvt cayp begeplaced

S1 gl e~ 0P UpSd WRh, if SOHHHTIR et tb RRAGHRS ol 15Hha 5P Shcium (
carbonate inciude oyster shells, éragonite, calcite, chalk, marble, marl, and
10 travertine. It can be mined or manufactured. In this description, the terms calci-
um carbonate and limestone are used interchangeably.

It is important to note that almost all accessible forms of calcium
carbonate found in nature contain minor quantities of relatively inert materials,
such as free silica, magnesium carbonate or dolomite, iron oi(ides, alumina, and

15 so forth. In principle, it is always desired to find very pure forms for the limestone
wet scrubbing process, but in practice, some impurities are always present which
form non-reactive solids in the wet scrubbing process. Other sources of non-
reactive solids entering the process are fly ash escaping the particulate collector
10 and caught by the scrubber 100.

20 The limestone is finely divided, preferably by grinding as described below,
to achieve a weight median diameter of about 10y or less, with 99% below 44p.
This is extremely fine for wet scrubbing in an open tower with a countercurrent
flow of limestone slurry. The more typical grind size of the prior art is a weight
median diameter of 15y or less with no more than 95% of the parﬁcles less than

25  44y. In further contrast to the prior art, it is noted that the preferred grind size of
the invention will yield particles with a weight median particle size of less than



Figure 2 is a nore detailed schematic view of a scrubbing tower of the type
shown in Fi g¥P&533547 0 Figure 3 is a partial side el evaRr¢ousdsnovisew of
t he arrangenent of spray nozzles in tw spray |levels shown in the tower of
Figure 2; Figure 4 is a bottomplan view of the spray nozzles in the two
spray levels for a spray tower of the type shown in Figure 2; and Figure 5
Is a perspective view of the entrai nnent sefyarator shown in the 15 spray
tower of Figures 1 and 2. Industrial Applicability The inprovenents of the

i nventi on have apoet &y, with 90%! (egat 90:5%) dyweeight dfithe patticdied byeihg ildsarthbh 4ay.
gases, and in ﬁ_orre aspects are particularly effective for high chloride
oper ati ons sucHhgdisgetiagring ofithe prgferred size has severadivanlpoes. t he 20
greatest in these types of operations, the invention is by no neans limted
to them Effluents fromthe conbustion of all types of carbonaceous

materials can be trThé peefermbd prodessutiangenent ohFigues 1 shpwsh=t éfflugns sudhias
oils, bitunmens_and WO 95/ 3354

PCT/ US95/ 07167 fromea cealdirad industrial op utility beiler epteringasyitahle means Ydord or

cent er od o ¢ hiioE pericBlited, $ich o8 S didfrodtati SU ARSI i Bt ich
open-tower, corahovesigntried solitisito zepractical extént. The deargddie gds Bthé®r

renmovi ng sul fur oxides, principally as SO, from conhustjon effluents.
Li mest one is t Adssadefiadueti2d to webscrubbing dewen 1 0R wheeen ifflowe-upwardiyp| aced

w th another fgtifretdirdfitld & Spraly braiddueds sturky Whith¥dhtaifid Ry dNidEd ©f

cal ci um
limestone discharged within a vertical scrubbing section 110 from two leveis of

10 spray nozzies. From the scrubbi'hg section 110, the gas continues through gas
outlet duct 120. The tower is configured to direct a flow of flue .gas upwardly
through the vertital scrubbing section. The scrubbing slurry falling through the.
vertical scrubbing section 110 is collected in reacticn tank 130. The reaction tank
130 is preferably of a size suitable to permit reaction of the SO, with the calcium

15 carbonate to form crystals of gypsum having a weight median diameter at least 2,
and preferably from 5 to 10, times as large as the particies of calcium carbonate
added as feed. |

Maintenance of this differential in particle sizes facilitates the preferred
embodiment which calls for withdrawing a stream of slurry from the reaction tank,
20 preferably after an average residence time of about 6 hours, and concentrating it
in terms of calcium carbonate (as fine particles, preferably having a weight
median diameter of less than about 6i1) and removing gypsum.

~ The vertical scrubbing section 110 contains an array of spray devices
positioned within it. The array is configured to introduce a spray of an aqueous
25 | slurry of finely-divided calcium carbonate to descend through the tower
countercurrently to the flow of flue gas. The Figure illustrates a bank of spray
nozzles which is shown to include two levels 112, 112'of nozzles. Each of the
nozzles 114 (see Figure 2) is fed slurry from a header 116, 116, or 116”. Itis



carbonate include oyster shells, aragonite, calcite, chalk, marble, marl,
and 10 ™WQ9¥3Sthe. It can be mined or nmanufactured. |n tpicTusesensption,
the terns calci- umcarbonate and |inmestone are used interchangeably. It is
i mportant to note that alnost all accessible fornms of cal cium carbonate )
found in nature contain mnor quantities of relatively inert materials,
such as free silica, magnesium carbonat-#8or dolomte, iron oxides, alumna,
and 15 so forth. In principle, it is always desired to find very pure
forms for typichl toeis@imeiudeta thirdubvelng permit ese levalito be offrlinetfocRpair@re

I mpurities elre .al s . present which formnon-reactive solids in the wet

scrubbi ng preUag While fwe remainiB OPefatii- reactive solids entering the

process are fly ash escaping the parti.cul ate collector 10 and caught by the
scrubber 100. 20 The linestone is finely divided, preferably by
grindi ng as descFhemozzled are,preferatiip iacranged withghépauing betwlientevsis opf about

10 1 th 99% bel 44 . This.i trenely fi f t

Scr ubbi ng. i FOTADBYL e s hap BRoW % GetArs A6kl Wit herdastn of Newdegn adier ur r .

sc 1 FErERbBHEA e o ; kriherdies vdomaditurry.
15 orr) Sor it Rosloy o Shef 18vel By Biingcflicon BpfaltPadt HolBUeR, 8™ 71,”

In further preferredsemboditrientsoof the inventiontreduceihieespatitgt bétiveen tied AozA65 9r i nd
size of the invention will yield particles with _a weight nedian particle
si ze of | ededu¢gthe num@grgy/lé\égm use at any time (preferably to 2), and increase the

PCT/ US95/ 07 - _—- 9 . 0 ' f the
particles b%ﬁ%f#%s%&?Egﬁaﬁf{e&#l}lg%e&g‘é@(%? n%bg‘gnrqgg%é@‘ %@@F@%ﬁfed si ze
has sever alflowipattérag of botitheshahebeing sprayedsmdatheaffissm passihglipwiare 1 shovs
an effluyuent, such as froma coal-fired industrial or utility boiler,

enteri ﬂé a tBrAughshe towerare ilpstigted;in Figui@4.ng particul ates, such as an

el ectrostatic precipitator or fabric filter, which

“The preferred form of nozzle is a centrifugal nozzle which forms a spray at
an angle o of within the range of from about 90 to about 140°, preferably about
120°. .One suitable nozzle is a Whirljet 300 gallon per minute nozzle available
from Spraying Systems Co., Wheaton, lllinois. Droplet sizes are preferably in the

15 range of from about 100 to about 6000y, typically about 2000y, Sauter mean
diameter as measured by a Malvern Particle Analyzer.

Each of the headers 116 is oriented at an angle with respect to the
header in the next upper or lower rack. The angle is preferably 90° when two or
three racks are employed.

20 It is one of the novel and improved features of the invention that tﬁe resi-
dence time in the reaction tank is reduced from the typical commercial value of
about 15 hours or more down to less than about 8 hours, more typically about 6
hours. This is facilitated by the improved dissolution rate of fine calcium
carbonate particles and, to some extent, the relatively fast precipitation rate of

25 calcium sulfate to form gypsum particles. The reactive properties of the slurry
are, in turn, enhanced by the separation of calcium sulfate from calcium

carbonate in the slurry and recycling the calcium carbonate to the slurry as vefy



renoves entrai ned SO|IdS to a practical extent. The cl eaned flue gas is

t hen passed WPASAWIT 20 to wet scrubbing tower 100 wherein i tPETUSESH7167
upwardly, countercurrent to a spray of an aqueous slurry which contains
finely-divided |inestone discharged within a vertical scrubbing section 110
fromtw levels of 10 spray nozzles. Fromthe scrubbing section 110, the
gas continues through gas outlet duct 120. .Y9e tower is configured to
direct a flow of flue gas upwardly through the vertical scrubbing section.
The scrubbing dHinergartidies Whium duﬁecw@haﬁdl ? in Y idaefon kU He@dastidr 8Mthel0 i s
collected in reaction tank 130. The reaction tank 130 is preferably of a

si ze suitabl e tresigencs timedathe mactien tank Isy 2 pepitive impactoncevesall process

Censt 2 and proes el s s oyt h fltn WA S PSR oBbie-
cal cium car bonaﬁmtegabgﬁgiaﬁg quaRty of kive bysrodaety suhhl s differential in
particle sizes facilitates the preferred enbodi nent which calls for

wi t hdrawing a streamof slurry fromthe reactlon tank, 20 preferably

ater an avgrage 1 eSHHCRR dosUeiqiist e Sl te oo yBOGK A FUREA, L 1
medi an di anet erscﬂfbdu@%étmm 1®bérétab6roé £ dad@ﬁFéYérBBiyg)ﬁO@lEBouT Bemétersiget!

scrubbing section 110 contains an array of spray devices positioned wthin
it. The array isecomhf Tgeseegas velpaities are: btgé.l in e portextef singlederp, Zpendbwer y

of finely-diuvi caI bona 558 h the t

count ercurrent qul ﬂ"ﬁear %%‘PPY%'z’g?'i“f‘tik??i?'éé'yd"bank of
spray nozzles %hfﬂhdtﬁns}amhbﬁmnla%wl@aﬁmahﬁa@{@nip}ave é&&anbrﬁ&w es.
Each of the nozzles 114 (see Figure 2). is fed slurry froma header 116,

116' . or 118" . efficiency. Tharprefsrasbsubbing towers of the invention enable the treatment
PCT/U895/07167 ﬁ
of flue gases with practical, low pressure drops and lower relative amounts of

aqueous slurry, e.g. lower L/G ratios.

The sulfur oxides in the effluent are absorbed into the agueous phase of

the slurry, forming bisulfite and hydrogen ions. Some bisulfite oxidizes to suifate,

15 releasing even more hydrogen ions. As the dropiets become saturated with
hydrogen ions, calcium carbonate begins to dissolve at an increasing rate, thus
forming calcium ions and bicarbonate. The finely-pulverized calcium carbonate
is very effective at absorbing hydrogen ions, thereby improving the absorptive
capacity of the aqueous phase in the tower spray zone. The high gas velocities

20 employed according to the preferred embodiments, and the preferred spray
pattern, tend to maintain the siurry droplets suspended with a degree of

fluidization to achieve enhanced contact.

* Figure 1 shows limestone being finely divided in a mill 170, classified by
cycione 172, captured by bag house 174 and metered through air lock 176 into
25 the pressurized. flow of air in line 178. By pulverizing the limestone immediately
before introduction into the scrubber, the limestone which is introduced into the
reaction tank to replenish the calcium carbonate can be made within well-defined
particle size ranges, free from large particles, those greater than about 44p. In



typical to also include a third |level to permt one Ievel to be off Iine

for repawpogissabeaning while two renmain in operation. @lgﬁ
preferably arranged with a spaci ng between | evel s of from out to Iess

than about 2 neters and with the direction of flow fromadja- 5 cent
nozzles in a given level alternating between upward and downward. The
preferred enbodi nents of the invention éﬁduce t he spaci ng between the
nozzl es, reduce the nunber of levels in~Use at any tinme (preferably to 2),

and increa of W I he.vertical scr ubbi ng
section. ﬁg%ﬁ?b&%ﬂyf’f’gﬁﬁl&é’}% rlp'lnjfgf{l\%l&%gb F&ﬁ&sﬁ’r&'rﬂ‘ﬂ/"eﬁ'@f l5&/ed and
the_ef f| uerdarberete pa rﬁﬁfé’%ﬁué?htﬁaéﬂi@ﬁ@ﬂ’zélb@sltﬁéw&bﬁh%u érfdJﬁ:ftﬁ@b%iofn Figure
4. The preferred formof nozzle is a centrifugal nozzle forms a spray

at an angl énaregessithan 4¢is. hehe ax@fu,sm of thﬁfammmgbsﬁ@rmﬂwhmemnepr eferably

avai | abl o PERRGHADR 8 f8GEnTabR i YinbbfTeatis BNt i relbite) Gok oy o

‘preferabl y dfthé itvehtion b8 thadle éumarmbwfsmaﬂér manaévaréseﬁﬂf@hﬂﬂdded ihypi cal ly

about 2000[err], Sauter nean di aneter as neasured by a vern ‘Particle
Anal yzer. [ReoNestionalscrbhers:s 116 is oriented at an angle with respect to
the header in the next upper or |ower rack. The angle is preferably 900
when two or three racks are enpl oyed. -20 It is one of the novel and

i nproved feat ur egheddir iniel T7GAE RS Q@épIYIHQ dxp§én fd?fQﬁé Qxfdhﬂsn bf‘f)ﬁlﬁfe

reaction tank is reduced fromthe typical connercial value of a
hours or nﬁﬂdb.isulﬁtetlom tassuitate ionsb dtebnh@p@ferabfyesurr;qdlmamqveaboml 6

hours. Thi i tat di ssolution rate of fine calci§m
car bonat e 35%%'? @LA‘ %ﬁl}gé Sé'l' p%f‘fmé%?%e relatively fast precipitati o!
rate of 25 calcium sul fate to formgypsum particles. The reactive
properties of the slurry are, in turn, enhanced by the separation of

cal ci ufBsul f at e On the @taecsldmoémeomeas as illustratedun Rjgured, shegydsi ng t he
cal ci um car b81darf=1wn r%rrtt Peea ion Earr}k ﬁfb fér cgncentratlng the reactive calcium
carbonate for recycle and reducing the level of solids, pnnclpally by removing
gypsum. Figure 1 shows slurry being withdrawn from reaction tank 130 via line
183 and passed to hydrocycione 181. Th_e hydrocyclone is especially effective in
15  the operation of the invention because it can rapidly and effectively separate the
very fine particles of limestone from the larger particles of calcium sulfate. The
particles of the calcium sulfate preferably have a weight average diameter of
from about 25 to about 55u. The separation of the smaller particles of limestone
provides a recycle stream 174 rich in calcium carbonate and a discharge stream
20 176 rich in calcium sulfate. Preferably, the weight average particle size of the
calcium carbonate in the reaction tank and therefore in the recycle stream 184 is

in the range of from about 2 to about 6y.

* Figure 1 shows the preferred form of the invention wherein the recycle
| 25 stream is concentrated in terms of calcium carbonate and useful process water in
hydrocycione 181. The preferred sizes for the calcium carbonate particles will
have a weight median diameter in the range of from about 2 to about 6u. The
calcium sulfate particles will have a weight median diameter within the range of
from about 25 to about 55y.
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fine particl 80384 di ssolve rapidly in the reaction tank. THRETER&0TI6DN
of ‘the residence tine in the reaction tank has a positive inpact on overall
process efficiency as well as a nunber of advantages in terns of processing
ease, equip- nment sizing and quality of the byproduct gypsum 5 The
bul k gas velocities of the flue gas novi ng &21ough the vertical scrubbing
section 110 are above 4.5, and preferably up to about 6, neters per second.

These gas vel oci ti esR@4dtioni tahk B0t R cated seldw the atraglof speydevivestotepable wet
| i mest one scrubbers and are enployed by the invention preferab[x, I n )
conbi nati on wi t #Pligetien of ey aerp peded rbeontact with hircilug gaawithisrtbe vegicah
efficiency. ThepialingsBMiGE1 1B 0THE rbadtnTafik 130% bY §BEILRaERAB/ e
treatnment of flue gases W practrcal, Tow pressure drops an wer

rel ati ve anounteacfiorngfithelSOswithithe caiciym tarbenatéGorfotm esystdis of gypsum haxinges
in the effluent are absorbed into the agueous phase of the slurry, formng

bisulfite ad hgweight mediar diasgter at leask4..andprefarakly fiom Sip 118 imesas large
rel easi ng even | econme saturated with
hydr ogen i ons, écg;fhg%@ggggﬁ%@@%géﬁﬁégﬁoﬁﬁs%@g%t an increasing. rate,

thus formng calciumions and bi carbonate. The finely-pulverized cal cium
carbonate is very effective at absorbing hydrogen ions, thereby inproving

the absorptive capaddy yirtge of the differanes ippasticle fizes betwran thenalgiumsatbonate

hi gh gas vel oci t| I | 8 jent s,
ang tge prefer r%‘i}f@&%&y sﬁﬁ?@@?ﬁﬁe ?rﬁef}a%fs?éorﬂﬂgﬁﬁq ?i(;l}%e?%ggt@?l}ﬁg)ﬁg?‘%&@s
suspended with @r@éﬁfrﬂﬁ?{hdéé!ﬁdﬁi@rbmté@saﬁm ibe\esxphained iredetaid bewd, théi gur e
1 shows linmestone being finely divided.in a ml|l 170, classified :1;3&/ cycl one

172, capturléd spligsgoneenteationofsaicivcartanate cangr fagreasedt Ry abgui 24 to about
50% above the concentrations attainabie in countercurrent designs of the prior
art. Itis a further advantage of the invention that the slurry will have a higher .
stoichiometric ratio of calcium-containing to sulfur-containing compounds than
prior art systems, typically being at least 1.3 and preferably being about 1.4 or

15 greater. This system inciudes at least one pump 182 and associated conduit 183

for withdrawing slurry from the reaction tank and delivering slurry to the
hydrocycione. |

The sulfur oxides in the effluent are absorbed into the aqueous phase of

the slurry in vertical scrubbing section 110 and react with available alkalinity in

20 'the form of hydroxide ions to form bisulfite, which can be partially oxidized in the
scrubbing section 110 and almost fully oxidized in the reaction tank 130 to form
suifate. The alkalinity is principaily derived from the dissolution of caicium
carbonate to form bicarbonate and hydroxide ions, which occurs both in the
scrubbing section 110 and in the reaction tank 130. An oxygen sparge, as

25 conventionatl in the art, is preferably employed to assure sufficient reaction,
although some oxygen can be obtained from the flue gas itself in the scrubbing
section 110. The reaction occurs to some extent in the falling droplets, but is ef-
fected mainly in reaction tank 130 which collects the slurry. It is one of the novel
aqd improved features of the invention that the residence time in the reaction



25 the pressurized flow of air in line 178. By pul verizing the |inmestone
I nredi a0 95/338470r e i ntroduction into the scrubber, the | ipggaiseenghi ch is
introduced into the reaction tank to replenish the cal cium carbonate can be
made within well-defined particle size ranges, free fromlarge particles, )
-those greater than about 44[err]. In WO 95/ 33547

PCT/ US95/ 07167 -20- fact, it is typicalgy possible and routinely achieved
with dry pul verizing cal cium carbonate particles of weight nedian size |ess
t han about I | Q cBRnse | usi on of
the | arge ;g%{r‘ﬁgcr%%‘gd%r%ﬁr#?%%%%ést one rl nf?%%?géﬂ.é‘g‘ﬁg %‘%%rqbg)ac l'on tank is
a princi palabbets hoerspeThe teduotiprt bitheaesitdence timekn the rfactibe tarik/isas 4on to be
made substanti all }/asmal ler than is Bresent | y enpl oyed i n conventi onal

scrubber s. N¥Mbesof adyantagrs inAgmns, of Processing £88e, €9 8ot $jzingasd quality
oxi dati on %hm@;ﬁ&g”&@gﬁgﬁ'ﬁw fite ions to sulfate ions. The tank is
y

preferably stirr venti onal nmeans which are not illustrated in the
Figure. 10 On the other side of the process as illustrated in Figure
1, slurgy is wihdrawm fromreaciion tank 130 _for concentrating the

ot 1V cal cf utHe BFbHaP S inthe jRACOR ATk 1308 PeTerRGNI i 44 rhge | ds,

principall ' ' ' it h from
eacti on ¢ SO BAGRO RPABSRET mbsfhieRrdely Mol afold ¢ ¥ 0 800G ' HHigrer

hydr ocycl opél indicateges highby avdifable alkalinity id the sloary dinaidadnidoa cofrespendingignt i on
because it can rapidly and effectively separate the very fine particles of

| i mest one higher cARagiRrQfdhe figuidite P§§°@fséal Bigan §9va'§ﬁe§¥>fﬁp ip¥entian es of
B o b BB ts LG altotas EhBike 8 SREATERTI Bhyddf T S0k
provi dé8 aaseily bé explairesthiafetalso imthenformlof finenpastidies; & Kigherdavaildblechar ge
stream alkalinity is possible. Low pH is typically employed on systemé of prior art to

increase the rate of reaction of calcium carbonate, but this normally reduces the

'absorption of S'()2 in the scrubbing section because the decreased available

alkalinity. The small particle size of the present invention offers increased

15 available alkalinity even at lower than desired pH, thereby offsetting to a large

extent the impact of low pH on the scrubbing capacity of the slurry.

Associated with the reaction tank 130 and the array of spray devices
positioned within the vertical scrubbing section 110, is a spray slurry supply
means comprising at least one pump 122 and associated conduit 124 for

20  withdrawing slurry from the reaction tank 110 and delivering siurry to the array of
spray devices positioned within the scrubbing section.

Figure 1 shows limestone being finely divided in a mill 170, classified by
cyclone 172, captured by bag house 174 and metered through air lock 176 into
the pressurized flow of air in line 178, which in tumn is injected directly into the

25 scrubber 100 or into the duct 20 immediately upstream of the scrubber.
Alternatively, the limestone from the baghouse 174 may be mixed in a tank and
pumped to the reaction tank 130. By pulverizing the limestone at or near the
point of injection, the size of the pulverized material can be closely controlled.



20 176 rich in calciumsulfate. Preferably, the weight average particle
size of theWaP®33s#1 carbonate in the reaction tank and ther efmrBusssetise
recycle stream 184 is in the range of fromabout 2 to about 6p. Figure 1
shows the preferred formof the invention wherein the recycle 25 streamis
concentrated in terns of cal cium carbonate and useful process water in
hydrocycl one 181. The preferred sizes for igge cal cium carbonate particles
wi |l have a wei ght nmedian dianmeter in the range of from about 2 to about

6[err]. The cafrgi I Hofel il irh/! ' i ' | er
Gl erv]-  Tne, celhe uperdithe b pafteuir crfgarond palion drgtraliy e
PCT/ US95/ 07167maRkeup Biream aficalciurk catibriate has atweightinedianiparticle sizeodf ahmuby

devices to enafl e collect] of the urry. after erjod qgf .contgct. with
the 1 ue gas wBbRF frsena a9 ot ing phificBsbrs bl nden S carinist
130 is of a sig#icinH EarbbRaledostabthé rédtiohivitth SO, bhe tmyﬂrpaﬁétfg&)@&m and
cal cium carbonate to formcrystals of gypsum having 5 a ‘wei ght di an
di arret er at5 | ewith selublenchlpridéscaswillbe explaibeddatet, tines as |arge as the

particles of cal cium carbonate added as feed. By virtue of the difference
in particle sizes between the cal cium carbonate and the gypsum and the

nmeans enpl oyed for ke : rfat thathxidai it

carbonate as w || bgﬁeéégﬂe"?l%y?%ﬂg%ﬂguggm) . t'he 10 s%’?ﬁ'dﬁa& m
concentrati on silfitectbcaloinm sulfateathectank i prefienabhsstifredybyatanvienfionalomeds. t
50% above the cglrégentratjons at.t ai na}p.l e in countercurrent designs of the

prior art. |t YBICH are nopliusirated in YH'® he invention that the slurry wll

have a hi gher stoichionetric ratio of calciumcontaining to
sul fur-cont ai ni ng conmpounds than prior, art systens, typically being at
| east 1.3 and pref ehisblagsociateg witipthe réadtian tank 130 is a slurry quality maintenance

10 system depicted generally as 180. To maintain a high reactivity in the syétem, :
calcium carbonate is supplied as finely-divided particles as described, and a
hydrocycione 181 is employed to remove a portion of the slurry in reaction tank
130 for the purposes of concentrating fine particles of caicium carbonate for
recycle as well as for discharging gypsum. The hydrocycione 181 separates the

15  slurry from the reaction tank into a recycle stream 184 rich in small particles of
calcium carbonate and non-reactive solids and another containing a majority of
relatively larger particles of calcium sulfate. The preferred sizes for the calcium
carbonate and non-reactive solids particles will have a weight median diameter in
the range of from about 1 to about 8y, preferably from about 2 to about 6. The

20 calcium sulfate particles will have a weight median diameter within the range of
from about 25 to about 5541. Preferabiy, the weight median diameters of particles
of calcium sulfate will be at least 2, and more preferably from 5 to 10, times
greater than those of caicium carbonate. This system includes at least one pump
182 and associated conduit 183 for withdrawing slurry from the reaction tank and

25 delivering slurry to the hydrocyclone.

A recycle conduit 184 is shown to lead from the hydrocyclione 181 to the
reaction tank 130 to carry a recycle stream rich in calcium carbonate from the
hydrocyclone. An important feature of the system is achieving biow down from



15 greater. This systemincludes at | east one punp 182 and associ at ed
condui t w@8s/33347 Wi t hdrawi ng slurry fromthe reaction tanlpcaissesiftigyeri ng
slurry to the hydrocycl one. The sulfur oxides in the effluent are absorbed
into the aqueous phase of the slurry in vertical scrubbing section 110 and
react wth available alkalinity in 20 the formof hydroxide ions to form
bisulfite, which can be partially oxidi ng I n the scrubbing section 110 and
al nost fully. oxidized in the reactiontank 130 to formsulfate. The

al kal i ni t yy. [ DG Ly iveed.. f | MUt | cal Gi ar bonat e
to form bi t@%?%%é%%’ﬁé"”h?%ﬁ%!?’i'E‘gej“i'%‘wsp,'é gﬁ?“g’hs@(@cﬁ égg’é@fﬁei%"%g 188" Lbbi ng
section 11ifi cofmumicatioh witihttie retytiedonddit 18Awriktly Beataphed terentive’s
conventional in the art, is preferably enployed to assure sufficient

reaction, RArienafthesesyclesirgam frem the regycia ¢anduit; diis preferreddo grevide sel f i n

th bbi.ng: ' ' in th

a1 ng. arpBfi36H sBrdite dotiedtidShe SRriyih ihe 153 o MRRvERE nd B,1,1C

col | ectss tduntrol tHe amoliit dfsiurietotlowtowinitein fineth 85'conedl fheadhisrfe of the
invention that the residence tine in the reaction WO 95/ 33547

PCT/ US95/ ccandent.in the slyrry within eaasepablervaliass 6.9., belew|aboyhag.000anghande of

about 15 t h . | f. t si dence tine
in the re;@?f%ﬁg'?wg@?umﬁ%ef‘%@&ﬁ@gﬁ? %@get":t%&tngrtﬁss% El'ger ocessi ng
ease, equidissoliticii & ciiciamccaiibenaté andflowbetheydvailabletalikalinity in the The pH
of the slurry in the reaction tank 130 is preferably in the range of from

about 5.0 Sasukhingsiusrys Stream 185 dasithe highess apnasnination of chjoidesitbeing. Hi gher
e S S L R S A L
advant age ¢ffchidiRiel purg@in the system. |
It also can occur that non-reactive solids in the reaction tank 130 which -
enter the system with the calcium carbonate or as entrained solids in the gas
stream 20 and are composed of relatively small particles, with weight median
15 sizes ranging from about 4 to about 12y, will tend to accumulate'preferenti'ally in
the recycle stream 184, with their concentration growing in the recycle tank 130.
Monitoring of these non-reactive solids in the recycle stream can be
accomplished by chemical means (i.e., analysis for a characteristic specie, e.g.,
silica, iron, or others) or by physical means (i.e., either by particle size distribution
20 analysis , total solids concentration, or some other suitable method). ltis a
feature of the invention to adjust the blow down stream 185 in such a manner to
control chlorides as described above, control the concentration of non-reactive
solids in the reaction tank, or to simultaneously control both. The preferred
means of control is to adjust the rate of stream 185 up or down as required to
25 meet the most stringent limit for either chlorides or ndn-reactive solids. ltis
desirable to maintain the level of non-reactive solids generally below about 20%
by weight, and preferentially below 15% of the total solids in the reaction tank
130.



t hat, because the cal ciumcarbonate is supplied as fine particles and is
recycl ed 10 W95@3%47 be explained later, also in the form of pcPsesnris?
particles, a higher available alkalinity is possible. Low pHis typically
enpl oyed on systens of prior art to increase the rate of reaction of

cal cium carbonate, but this normally reduces the absorption of SO2 in the
scrubbi ng section because the decreased avapkabl e al kalinity. The small
particle size of the present.invention offers increased 15 avail able

alkalinity even at I% ! ?‘ﬁé {as&%ﬂ rge
extent the inpact of owtggggen g@%’?ﬁﬁ%.’%&@gﬁ%‘??y 0 tbﬁglstgﬁn%;bg

Associ at ed w t hdispesedowith thenblowrdowirBliguid,cseplaeated fayn tife liquidyorde ebmesother
positioned within %he vertjcal, scrubbing, section [ spray slurry.

10, is |
supply means cofff¥ reateg ’I"@Q?tsul%?@erg%‘ﬁ_sﬁ@f' 858’&%&‘8@?6%@8 bé‘?)%é@l”ﬂ" ligpig
for 20 withdr %gatsﬂ%gfraaéama&@ rhERE 8 didd the st G BiBic Y diditbedl UF 1Y
to the array of spray devices positioned wthin the scrubbing section.
Figure 1 shéws for sememthetesendt isimotitlye ihtentibedbfi thisanveritiond imitihamyiiayetheby
cyclone 172, captured by bag house 174 and netered ihrough air | ock, 176
into the pressuf9S3 fils\éﬂﬁ'ggn%ﬁ’r' fﬂ‘?.%rq“haow g?fem vin?f%Bﬁr fosackpowiadge
directly into t ' gglﬁgﬂ Y stream
of the scr ubbert.RgtAtl%té ger %f’;lé'{ #%?&u%?ﬂeetﬂpgﬁzirﬁgéndgﬁp S’gﬁﬁrﬁ%ﬂbag o&sﬂés itﬂeépnay be
m xed in a tankraotiongwepgcingalitdrea pertiohiodit, amdhko i6tth. Suchyetihodszandg ridans
| i mestone at or, near the point _of injection, the size of the pulverized
material can bdOtirgalings 185as8 beyondhegsgope=nf the present invention.

PCT/ US95/ 07167 -23- The size of the particles is particularly critical to

the invention. Preferably, the nakeup stream of cal ci um carbonate has a

wei ght nediln parti Also providenf is aocaitiufi sulfate siurryeecovery BoSdit 186 sakingofromhe

particles | ess Lh%n 44[err], as fed to replenish the ' .
the hydrocyclone to remove calcium sulfate slurry from the hydrocyclone wherein
the caicium sulfate is present as particles larger in size than the patrticles of

caicium carbonate.

Figure 1 shows the preferred form of the invention wherein the recycle
15  stream 184 is fed back to the reaction tank 130. An advantage of operating in
this manner according to the invention is the ability to greatly increase the
available alkalinity in the liquid droplets which come into contact with the SO,-
laden effluent. By ultilizing the recycle stream directly from the hydrocycione, at
which point it is highly enriched with very fine particles of calcium carbonate and
20 a high pH and a high stoichiometric ratio of calcium to sulfur, it is possible to treat
effluents rich in sulfur oxides in very short contact times.

Preferably, the stoichiometric ratio of calcium-containing to suifur-
containing compounds in recycle stream 184 will be in the range of from about
1.2 to about 2.0, most preferably from about 1.3 to about 1.4. The
25 concentration of suspended solids in the recycle stream will typically be in the
range of from about 1 to about 10%, by weight, most typically from about 2 to
about 6%. Separation of the majority of the calcium sulfate from the limestone by



cal cium carbonate lost to the reaction with SJerr] and to the byproduct
gypsum wipbsB3sani t h sol ubl e chlorides as will be expl ai negitaédforighne air in
line 178 facilitates supplying oxygen for the oxidation of calciumsulfite
to calciumsulfate. The tank is preferably stirred by conventional neans
which are not illustrated in the Figure. Al so associated with the reaction
tank 130 is a slurry quality nai ntenanii 10 system depicted generally as
180. To mmintain a high reactivity i n™fie system cal cium carbonate is

lied fine]y-divi ded tjcles as descri bed,, and, a hydrocycl one 181
" ! oy AN Eiat AL s g e ey sichioReircTAt R S0 for ¢ he
pur poses CHvaﬁé’élS%NdiiﬂW,%Jﬂé&eﬁ@ééﬂhﬁ'ﬁthEoﬁt@h%ﬁﬁb@ﬁrﬁpnate for recycle

as well as for discharging gypsum The hydrocycl one 181 Separates the 15
slurry fromthe reaction tank into a recycle stream 184 rich in small

i cl f i b \ - i lid nd h
ont ai ning_a el FNATAG B e PRmMHAn 3 AScniFees erblyedin Beprooass o c.
“ The pref ergrgsk mvéRtior; % u{a@wféa%ti&wmh@haéiéicﬁ%étﬁeféqovcﬁr sol i ds

particles will have a weight nedian diameter “in the range o om about 1
to abobt Saiciymebataiting t6 sulfuredontainipgtaompomnds6e.g. Shéhe Order af fromm sul f at e

D o hbodboub i K a6, BrefRabR Brom bR 2 Hoabat i 2 WNBRRGARY i 0l o6 of
cal ciums tﬂdﬂlaﬁﬁg\é’i i E?%S?Wiﬂh%ﬁfrthér fetiiGre BitRe RARILRA E‘Qllﬁbn%f

Shaingt © 10, tines
greater than th0se o clum carbonate. This system i ncludes gt | east one

punp 182 presentasceny small padides, td@comes\poskibiento achieveibetterfoveralit he
reaction tank and.25 deljvering slurry.to the. hydrocyclone. A recycle
condui t 1&4O¢8SS ‘Eyow|ﬂé38°'?9'8ﬁft°x@qﬁﬂf’m%}f?&"ﬁ@"gé‘”f'!?r}?'?@ reaction tanhk
130 t qocangtilizationecycl e streamrich in cal cium carbonate fromthe

hydr ocycl one. An inportant feature of the systemis achieving bl ow down
from

Preferred solids content of stream 183 coming'from the reaction tank 130
is preferably within the range of from about 10 to about 20%, preferably between
about 13 to about 17%. And, the solids content of stream 186 is preferably
within the range of from about 30 to about 55%. Stream 186 is fed to filter 188

15  orother suitable device to dewater the slurry. The solid gypsum is of high quality
and can be utilized for building materials. Thé filtrate is drawn off by line 189 and
can be recycled to the reaction tank 130 or any portion can be discharged as
blow down, but it is an advantage of the invention that this stream need not be
discharged to control the buildup of chloride in the system.

20 The scrubbed effluent is significantly freed of entrained droplets of liquid
and diverted in direction of flow by entrainment separator 140. At the high gas
velocities enabled by the invention, problems of encrustation of the roof 102 of
the tower and of mist eliminators of conventional construction would be
experienced unless measures were taken. The use of a more efficient mist

25 eliminator in lieu of the entrainment separator 140 is not feasible, since at

| operating bulk velocities of 4.5 to 6 meters per second, no practical, high-
efficiency mist eliminators are available, and commercial units which could be

specified for this location tend to drain pobrly and fiood, thus increasing the
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-24- the recA¥BH¥rflow, nanely fromrecycle stream 184. A FCTAISASORKET
conduit 185 in comunication with the recycle conduit 184 which is adapted
to renmove a portion of the recycle streamfromthe recycle conduit. It is
preferred to provide a nonitor for the chloride content of the slurry in
line 183 or el sewhere, and to 5 control th&7anount of slurry to bl ow down
fromline 185 to control the chloride content in the slurry within

reasonabl e val tmenﬁalgor plghaye ahdisw Aliabfity. nigéhce, anel entraihaent sEparatari40
20, 000 ny/ | . lgher chl oride contents tend to, sl ow the dissolution of

cal ci um car bondE&esignedfartheispecilic purpeses reariaed Ry this inventian.scr ubbi ng
slurry. Stream 185 has the highest concentration of chlorides, being 10
equal to the concentration in the reaction tank, and therefore is the best

source of chloride [Rrefarably, tHecerttaitiraent séparaton 148 1emoves atsigrificant armoant bf/ e
solids in the reactlon tank 130 which enter the sTYr‘sltemvmth t he cal ci um

carbonate or asthefntrainedmeistyrg andtumnsthg direstion ghilow of the fuegasasfisaljeast

relatively smal [ bout
4 to about %2[ eéorcioﬁéﬁ’ tﬁ%%?' 'r%’l%’asggcurm géigggggh ﬁﬁgﬁ&é%i@g@%@g@g
stream 184, wi tgrofiledhio thevestival mist@lingnator 150. M it preferced form, Mmb?:ty (by
Monitoring of these non-reactive solids in the recycle stream can

acconpl i shed byweigbtiicf dropletshaving diametgrs lgss thanaboyt $0Q) are elimisated ejtheri e,

pariicle size dtPPROThRfLA oting¥oRaKebr dinsiasi tef o Birh iaeP ropiesp

some ot her sui tvahick cERtrherd)easlly be Femoled byrsedewnstiean mistdlinnatop. adj ust the
bl ow down stream 185 in such a manner to control chlorides as descri bed

above, control the concentration of non-reactive solids in the reacti on _
to adjust e rate oneanaifhtsensiglo? 1401€ aliibl BloTBaB) o beriill (1. ©
nost stringent Jeriigdi mist elfphih8ior, showey indRé Figure® asr&ac tThecbusiiv bf the effiients,
desirable to maintain the | evel of non-reactive solids generally bel ow
about 20% flow is changed from vertical to near horizontal by the en%ramment separator 140.
This has several advantages including the reduced impingement of slurry onto
the roof 102 of the scrubbing tower, with prevention of the formation of deposits
15  there which tend to grow larger in time, to an extent that they can break off in
large pieces, often as much as a meter or more in diameter, and either damage
the nozzie headers or fall through to the reaction tank 130 and ultimately cause
plugging of the spray nozzles in 112 and 112'. Also, and importantly, it permits
high-efficiency demisting of an essentially horizontal flow by vertical mist
20 eliminator 150. The high-efficiency horizontal flow mist eliminator 150 inherently
drains well, thus allowing operation at higher velocities than for a similarly
designed, vertical flow mist éliminator. It also achieves superior demisting in the
horizontatl flow orientation. A high degree of demisting is an important feature of
the ihvention, although not necessarily unique, since horizontal flow mist
25 eliminators are commonly used in FGD systems and other industries where high-
efficiency demisting is required. . However, it is a unique feature that the
combination of the entrainment separator 140 with the high-efficiency mist
eliminator 150 provides superior demisting by providing a relatively uniform
velacity profile into the mist eliminator and by consolidating the majority of



by wei ght, and preferentially below 15% of the total solids in the reaction'

t ank 13Qyq 95/3384) 95/ 33547
PCT/ US95/ 07167 -25- Solids thus renoved fromthe reaction tmsgsnmgg condui t

185 may be disposed with the bl ow down |iquid, separated fromthe |iquid,

or in sone other way treated and nmade suitable for disposal or other uses.
The bl ow down |iquid may al so be treat I n sone nanner to make the stream
suitable for disposal or 5 for sone offer use. is not the intention of

this invention t n th osi.tions f he bl ow
down st 1 canmae! Aot nth BrScoriBleit f BT tame%ﬁs% PLATRT 8L met hods
for treati @ggniisthgShree Righsetigiendy ﬁ‘listlellrrilri&t@r fractions, recycling all or a
“portion of it, and so forth. Such nmethods and means for treati ng stream 185

are beyond the scope of the present invention. Al so provided is a

calciumsul fate i mthe hdro cl one
to renove cal ci Efﬂ“g%r&’ I&{sgl%gqsté %S??%?%‘x\*‘ffﬁé‘?ﬁ%ﬁ%f%g% P"ﬁr@% al ci um
sul fate is18090REH cas eflédtivel refndveldionkoliddté @ rhdjefityt dsﬁhe%ﬁtduét 8ophits

cal cium carbonate. Figure 1 shows the preferred formof the invention
wher ei ndt h@eeleysttanl Opsdiemeter) and iredirect thevertical floveot thacffluentmway 130. An
advantage(?r eratin |ngh rrgn;‘eir accg€ ﬁ] ?the nvent.ion is the
ability to %Pﬂeﬁ Surfapes.otihe owsr. Enfraigment separa ct"h1e iBquid droplets
whi ch CO”EIIIUBﬁQteQIQHth"dreW ddloridiftecdbat 8h ahgle @FB?&I\@ tB'tHS'ﬁbnEUntHf inldchlnd the
recycle streamdirec from the hydrocycl one, which point 1t 1s highly
enri ched wbing towey 100ndhjsaandie wilkpreferahl chamthlartb@mge ofiftora@bout #0 th pH
and a high tm%uomatrlc?&;lo of calciumto sulfur, it is possible to '
treat effl @ ﬂt‘% @I’gﬂl? SLeQ ur oxides in very short contact tinmes.

10 The sepérator 140 utilizes single pass separator blades t42 to collect
droplets by impingement and to turn the gas in a direction most suitabie for
further mist elimination. The individual blades 142 are oriented at an angle &
with regard to the lower surface of assemblies 144, 144’, 144", etfc., of the
blades 142. Typically, a blade of this type will be a parallelogram-shaped piece

15  of from about 0.15 to about 0.23 meters in minor dimension and from about 0.6
to about 1.5 meters in major dimension. Spacing between individual blades will
typically be from about 40 to about 70% of the minor dimension of the individual
blades. Angle d will preferably be within the range of from about 20 to about 40°,
the exact value depending on the angle & and the desired degree of flow

20 direction of the effluent stream.

The assemblies 144, efc., are constructed and oriented in a fashion that
facilitates excellent dtainage. The individual assemblies are arranged in a
pattern of chevrons as illustrated. The assemblies 144, efc., are preferably
oriented with respect to one another at an angle 8, typically in the range of from
25 about 125 to about 145°, and preferably about 140°. The entrainment separator
structure is supported by members 146 which run the lengths of each of the
assemblies. Other arrangements of supporting structures are possible.



Preferably, the stoichionetric ratio of calciumcontaining to sulfur-
containing c BERM in recycle stream 184 will be in the ranB6THSS 06N
abbut 1.2 to about 2.0, nost preferably fromabout 1.3 to about 1.4. The 25
concentration of suspended solids in the recycle streamw || typically be
in the range of fromabout 1 to about 10% by weight, nost typically from
about 2 to about 6% Separation of the majoRBty of the calciumsulfate from
the |inestone by WO 95/ 33547

PCT/ US95/ 07167 - 26- Thedstnmturleasfehé 8atrainment deparatort 1310 permitsditeee contaed
stoichionetric ratio and the avail able alkalinity, also decreases the
sol i ds cont ent Washingotihgbigdeshy meapsaf fixed ppzzia dancessi4{awng spray nozzies

techni ques emp! fieechdaiid Bsdtafin ash whidf ol brtBiihe biadel: éﬁpgtr{ #8¢hpOn

tank has a high storchionmetr I'umcontal nin

sul f ur - cont ai niargl thertyotiont) SWashing iﬁwiwlf@oﬂﬂbwépéraﬂm eholvivashér headgepout

1.6, preferably fromabout 1.2 to about When this advantage is coupl ed

. 3.
with a furtRer Separately and sequeptially with the gibers. o1 he wagh yrateeisof syffigien) snal |

BETh Sconom oo WEITAITRIRER.S sk HEH AT T el B BB o "
Preferred sol i dpiveanésigtorthesepafdforl Sigfarel Mpgetianwithetheeotid drainagBlaffbad | S

preferably within the range of fromabout 10 to about 20% preferabl

bet ween about htherhevrarrshapediarrangenent of assgmblies 144, efey, élm:a@ety high

=
Pea to fi1ter HuBibRadRRRdnd elehP Ssnod Arerd® Bieapalf dodelihe Py,

solid gypsyg i giogaf high quality and can be utilized for building naterials.
The filtrate is drawn off by line 189 and can be recycled to the reaction
tank 130 or any portion can be discharged as

it is a feature of the invention that the separation efﬁcieﬁcy of the first

entrainment separator 140 need not be as high as muitipass separators
employed in the prior art because the ability to rediract the flow from vertical to
horizontal enables the use of a high-efficiency, vertically-oriented mist eliminator

15  150. Thus, even though the entrainment removal efficiency is iower than might
be thought desirable for wet scrubbing towers, the entrainment separator causes
very low pressure drops, e.g. less than about 0.15 inches water column, and has
other advantages in terms of cleanability, drainage, high bulk gas velocities, and
direction of the gas flow from the upper wall surfaces of the tower and toward a

20  highly-efficient, vertical mist eliminator 150. The mist eliminator 150 is preferably
of the baffle type, e.g. a zig-zag baffle.

The scrubbed and demisted effluent can then be discharged to the air
such as by stack 160. In the an alternate embodiment, the demisted effiuent is
heated prior to discharge such as in a gas-to-gas heat exchanger in a vertical

25 configuration as described in copending, commonly-assigned U.S. Patent
Application S.N. 08/257,158 (attorney's docket number 1930-P0020), filed on
June 9,1894, filed in the names of the inventors named herein.



bl ow down, but it is an advantage of the invention that this stream need
not be W@®238354fed to control the buildup of chloride in poeusysénem 20
The scrubbed effluent is significantly freed of entrained droplets of
liquid and diverted in direction of flow by entrai nnent separator 140. At
t he high gas velocities enabled by the invention, problens of encrustation
of the roof 102 of the tower and of mgp-elimnators of conventi onal
constructi on woul d be experienced unl ess neasures were taken. The use of a

more efficient Phébied ofthéd mmvemehgsudlm;ﬁe i||ﬁfen_iibﬁ i&E&@Biﬂ&?Bﬁ"is fFaAL or 140

is not feasible, since at operating k velocities o .5 to 6 neters per
second, nocpnsittictionlof atsingle-las Wet-saaipbings openispray-fowes which is\aboubbl e, and

Coor Ty aniobR R4 R B B o e el AR TGS shg o'
PCT/ US95/ Oddiépled with imPréveld 9O, a8orplivedsasiity 2fordal beiHerili tesuitsigmce. the

entrai nnent separator 140 is desighed for the speciflc purposes required by
t hi s i rivenandmproventest irb total processiefficiency: of roughiy @%Brormereravenves a

1o bt oEptBa et ST ReRdsF el € sl R Al SLAPD of (e
tower, al SFéstFE@é“é)@ﬂlnée&rPé FeréNd ahggbf? S¢S iffom m@ﬁw@atéab?gt Heexer ti cal

m st elimnator 150. In 1ts preferr orm the majority-(by werght) of
dr opl et s hinclude bibith capital andesperatingresburcesl 00 are el i m nated either by
droppi ng them out of the effluent or consolidating themto formlarger
droplets which can nore easily be renoved by a downstream m st eli m nator,

10 The ' ; I by a
general ly vertie-gg atr)n&gagfl ﬁ ggﬁ)ﬁn@ﬁg%isﬁ f%ﬁé@?‘%ﬁh&?égﬁdﬁ% The bul k
of t helGef f brdinary skilllimthe art howtgguiactiosrthe énventiah, amd itésanotintendedttal by t he

entrai nmenéet%ﬁ %ﬂro%%selodb%ious modifications and variations of it whiéh will become
apparent to the skilled worker upon reading the description. It is intended,
however, that all such obvious modifications and variations be included within the
scope of the invention which is defined by the following claims. The claims are

15 meant to cover the claimed elements and steps in any arrangement or sequence
which is effective to meet the objectives there intended, unless the context

specifically indicates the contrary.



Thi s has several advantages including the reduced inpingenent of slurry
onto the rooWOB323%7 t he scrubbing tower, with prevention of POBRUSesOTasi on
of *deposits 15 there which tend to grow larger in time, to an extent that
they can break off in large pieces, often as nuch as a neter or nore in

di aneter, and either damage the nozzle headers or fall through to the
reaction tank 130 and ultimately cause pluggng of the-spray nozzles in 112
and 112'. Also, and inportantly, it permts high-efficiency dem sting of ‘an

essentially horizontal flow by vertical mist 20 elini n'ﬁlﬂll
hi gh-efficiency horizontal flow mst elimnator 150 inhe¥? cm ﬂ"lﬂ"ﬂsmmél |,
thus all owi ng operation at higher vel ocitCeAIMSan for a sinilarly d&sitned,

vertical flowmst elimnator. It also achieves superior demsting in the
horizontal flow orientation. A high degree of demisting is an inportant

feature of thee? .T‘A%ﬁél&ﬂooﬁ’}'&gﬁ@%ﬂeﬂ%uﬂfe?@&?@ﬁti eStONSIBt s&hﬁﬁ@g{@é&é&%ﬁ"

flow m st 25 I mnators ar ommonly used I n systens an
i ndust ri es wher reducinpg-the cbhcerdratipnadf SO, Jhiflog gases ccpmprising:However, it is a

uni que feature that the, conbingtion_of the entrai nt separator 140 with
the i gheef 1 ci ency (@ GreEngA fiow of fide gas coptaiuao SJvatlydAratiaha vegical
provi ding agelgtd ey | i | ' L nat or
and by consoq [ dﬁ‘ﬁ"%@hgﬁe %?o%%&hgﬁwowgﬁi%ﬁyﬁr{%ﬂh% "ﬂé@dg}

PCT/ US95/ 07167 setdndsnal | er droplets into |arger droplets in the

entrai nment separ at or Fri or to . final In the hjgh-efficiency m st

elininator. Figure 5bjntipduriggdatoa Wrggélnﬁ%tﬂléprlﬁ?ﬂ ﬁ??ffm‘a‘ﬂ'tﬁﬁﬁﬁ fower, a Spray
oot Ly ot et SSRGS B bR b
redirect the vesdlfate)larid ingttsblidsto cntactené flagas whileddseending throagh the
surfaces of the tower. Entrainnment separator 140 is '
10  tower countercurrently to the flow of flue gas;
(c) collecting the slurry in a reaction tank after contact with the flue gas;
(d) withdrawing sturry from the reaction tank;
(e) subjecting slurry withdrawn from the reaction tank to a treatment
effective to provide a recycle stream rich in fine particles of calcium carbonate
15 and another stream rich in caicium suifate particles;
(f) returning to the process a major portion of the recycle stream rich in
caicium carbonate; and
| (g) introducing fresh calcium carbonate as feed into the system in
amounts sufficient to replace the calcium withdrawn and not recycled, as well as
20 that dissolved and reacted with the SO, absorbed in the liquid phase in the

scrubbing section.

2. A process according to claim 1 wherein finely-divided caicium carbonate
introduced as feed has a weight median particle size of less than about 8p as
introduced.

25 3. A process according to claim 1 wherein the pH of the slurry as introduced into
the scrubbing tower is within the range of from about 5.0 to about 6.3.



illustrated in Figure Z27as oriented at an angle y relative to the

hori zoniad og/4354Cr ub- bin g angle will prepgraRb W t hin

t he range of from about Emlmmm)mﬁ)nm Iﬂg about 20[errf.,%?0yoﬁ€7 The |,
separator 140 utilizes siRgle pass separkator bl ades 142 to collect droplets
by i npingenent and to turn the gas in a direction nost suitable for further

m st elimnation. The individual bl adeé 142 are oriented at an angle [err]
S€nbl i es 144, 144', 144", etc., of

with regard to the | ower surface of as

t he bl ades, 142. Typically bl ade of this.t will.be

paral | el og‘r’"a_ RIRY ‘Eﬁ"é%’gg ?%C‘IaEqu‘?’%?ﬁeé{bm'“@f”fsﬂ%ﬂ%@F tl@l;oggh&? ers in
m nor di mMeg&{Bking eWwéF iUpAB Uboubs tnéterepérdecbnd. Meters in maj or di mension.
Spaci ng between I ndividual blades will typically be from about 40 to about
70% of the m nor dinmension of the individual blades. Angle 6 wll

f bl y.be wi thin_ the. £ bout, 20 t bout 40 th t
e e Sepe o obAed wiesiuh15Belh ST B obBr bimfliiae 6K bhte 567
~direction gitrdiffmeft Sépttaior SHEEIVE to TeAuSS BRIGLarity dfdropRitsand &6 furff gt ruct ed
and oriented in a fashion that facilitates excell ent drainage. The

i ndi vi dual disactionidifflow ofithe flue gagesita an aripatation effectivefor efficient sitilizatioat r at ed.
The assenblj e preferably oriented with respect to one

gesg#44l etc.t dar.
anot her at Ok Velgally-prignted mistSEPAFRION "t he range of from 25 about 125 to
about 145[err], and preferably about 140[err]. The entrai nnment separator

structure is supported by nenbers 146 which run the | engths of each of the
assenbl i esb. Btprocess acoonding ho slairh Scwiperein thegtower further egomarisepassi bl e. WO
95/ 33547 . , e . . . PCT/ US95/ 07167 - 29-
The str uctYﬁ'@cﬂky‘?rf?é‘t%W%i‘%‘fﬂwﬂto&@ﬁgﬁﬂ%ﬁnﬁ'ﬂw ﬁ{"f‘g‘%rr fd eBrete: {
\3'332: ng of te'tlifh HeAdlRTtiBN of RGN Of Hle fitek §asEWBY bfiehdSESaM thé J¥Hia: Shk aY

10  of the tower. '

7. A process according to claim 1 wherein the slurry withdrawn from the reaction
tank is passed to a hydrocyclone to provide a recycle stream rich in fine particles
of calcium carbonate having a weight median diameter of about 6y or less and a
molar ratio of calcium-containing to sulfur-containing compounds of at least 1.3,
15 and a discharge stream rich in relatively larger particles of calcium sulfite having

a weight median diameter of from about 25 to about 55u.

8. A process according to claim 1 wherein the slurry is withdrawn from the
reaction tank after an average residence time of less than about 8 hours.

9. A process according to claim 1 wherein at least a portion of the slurry in the

20 recycle stream is fed back the reaction tank at a molar ratio of caicium-containing
to sulfur-containing compounds of at least 1.3 and a solids concentration of less
than 10%.

10. A process according to claim 9 wherein the molar ratio of calcium-containing

to sulfur-containing compounds in the recycle stream is greater than about 1.4.



148 capabl e of spraying wash ' .agnto the bl ades from both the
top and t he W&9583347Washi ng “ﬁﬁ'ﬁﬁll im H’ﬁ by operating ea®bTwsshiens7
header 5 separately and seq i 'arh e others. The wash water is of

sufficient quality and is used in sufficient quantity to reduce the |evel
of saturated, dis- solved salts on the separator surfaces. Together with
t he good drainage afford- ed by the chevron3shaped arrangenent of
assenblies 144, etc., the use of high quality wash water and frequent

washi ng af f or dst{pragsriocess aycatding 1o cidimaewhemimthelfecytle @freahi corppasdsiabsr e
of the invention that the separation efficiency of the first entrai nment

separat or 140 rBaRSipsuspendedisoli#s.as nul ti pass separators enpl oyed in the
prior art because the ability to redirect the flow fromvertical to
hori zontal enables the use of a high-efficiency, vertically-oriented m st

elimnator 15 1504 piduess acuenirigoLgaint hevienéinahe srinty is @ftRoduced by sprgpicy is
| ower than m ght be thought desirable for wet scrubbing towers, the

ent rai nnent sepWZaes, acangedintwojeyalswithasspacing) peiweendeyels (of isssitham ahoult

ci canabi 1115, & aeisiend wih ne Apectl < B Foth Heeafi b B R aflomatio bR, o

flow fromthe yreen upiiard Sihd dewewaed. t he tower and toward a 20
hi ghly-efficient, vertical mst elimnator 150. The m st elimnator 150 is

preferably of the baffle type, e.g. a zig-zag baffle. The scrubbed and

dem sted effl ugnt n | €n.al . as stack 160.
In the an al te‘ra'%at éapgﬂé%% ?ﬁ{ahg ﬁ‘gg‘r&gﬁ\qs‘&@%ﬁg} @Jéﬁ@gﬁg'%e?ﬁéa cﬁfq?‘ﬂ? to
di schar ge such cafhdnatépaAieidsdn 496 ré2REibn iR MagintdiNechwitRinttheé #ang®of from
configuration as described in copending, comonly-assigned U.S.  Patent

Appl i cation S. |Mboge? fEabawsy, anddhe sieightdoedian mﬁiﬁﬁsizemmmwdjvided ed on
June 9, 19940 f 'cla C?Uﬂl'l r&alt'b%%a&agg lsntPJdutcgg i fé¥§ 't“aﬂ{ éb&ﬂ%‘? Mt?\rfé 5}6 by weight of

the particles being less than 44y.

14. A process according to claim 1 wherein the pH of the slurry in the reaction
tank is within the range of from about 5.8 to about 6.3.

15. A single-foop, open-tower, countercurrent fimestone wet scrubbing process
16  for reducing the concentration of SO, in flue gases, comprising:

(a) directing a flow of flue gas containing SO, upwardly through a vertical
scrubbing tower at a bulk flow velocity of from greater than about 4.5 meters per
second up to about 6 meters per second; |

(b) introducing into a vertical scrubbing section within said tower, a spray

20 of droplets of an aqueous slurry of finely-divided calcium carbonate, calcium
sulfate, and inert solids to contact the flue gas while descending through the
tower countercurrently to the flow of flue gas;

(c) collecting the slurry in a reaction tank after contact with the flue gas;

(d) withdrawing siurry from the reaction tank after an average residence

25 time of less than about 8 hours;
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The ef f g ospfzsdshe i npro mﬂ lm“ltvent ion in conbi ' ' 0 enable
construction of a singl ﬂm "“““ : | bi ng, open spraygg%hmlg?s%fizh S

about one half the enpty*wefght d&f &urfent open spray towers. This
difference in size coupled with inproved SO err] "absorptive capacity
afforded by the slurry results in 5 ana,nprovenent in total process

ef ficiency of roughly 30% or nore over “conventional systens. Total process

Tni oSt reehEct pliy PGS rLthel RERIRL ARk A SRt ana -
operating &fSANELE provideadbeNtte §9Samiriehiif finé paftiied GFcalii Gatbeachi ng

the person of 10 ordinary skill in the art how to practice the | nvention,
and it is @&odanethenstseiamaichdn galcium sulfatetpasticlesibvi ous nodi fi cations and

vari ations of i lch will]l becone apparent.to the skilled worker upon
readi ng t he des@r":gg'ﬂ:mmqwolt%e P5°°|eﬁ§5rf§ ,rpﬂg‘ﬁ@\fgrt,ef?%leﬁtre%@ﬁhﬂbvi ous
nmodi fi cat i gdlsiuAéhrbanatet aRds be included within the scope of the inventien
which is defined by the following clainms. The clains are 15 neant to cover
the clai med el elgpinteoducingdraghscalciummarbonate @efeed indo thegystemdnwhi ch i s

effept!ve Lo neet e t% ect,ive th(ir.e i ntended, u Ietss t he, cont ext
speci fi cal ?’}‘°Fﬂf&|sé‘ﬁ]¢é?‘qthée@8?ﬁ ﬁ'grg)a.cmm gyvgﬁlﬁ;no recycled as well as
PCT/ US95/ Ofhbdissdtiod Shdrbictid withth GG AisidRoed Rrafie UBURY phaA RS cur r ent

| i mest one wet scrubbi process for reducing the concentration of SO err]

in flue gaserubbingspctien, tbe fijely-divided caletina catbonatsf introdeceghas fewt avingng SO, |
upwar dhy tg QV%LnggnQ median tpl:-:ﬁ%‘e size of less than about 10y as introduced. ‘

16. A process according to claim 15 wherein the pH of the slurry as introduced
into the scrubbing tower is within the range of from about 5.0 to about 6.3.

17. A process according to claim 16 wherein the pH of the slurry in the reaction
tank is maintained within the range of from about 5.8 to about 6.3.

15 18. A process according to claim 15 wherein the tower comprises a single-pass
entrainment separator effective to reduce the quantity of moisture dropiets and to
turn the direction of flow of the flue gases to an orientation effective for efficient

utilization of a vertically-oriented mist separator.

19. A process according to claim 18 wherein the tower further comprises a

20 vertically-oriented mist eliminator, and said entrainment separator is effective to
turn the direction of flow of the flue gases by at least 30° from the vertical axis of
the tower. '

20. A process according to claim 15 wherein the slurry withdrawn from the

reaction tank is passed to a hydrocyclone to provide a recycle stream rich in fine
25 particles of calcium carbonate having a weight median diameter of about 8u or

less and a molar ratio of calcium-containing to sulfur-containing compounds of at



5 scrubbing tower at a bulk flow velocity of greater than about 4.5 neters
per second; WD)95i33847 oduci ng i nt H!E vertical scrubbing secti onperfolesprsey d

tower, a spray of droplets of a mﬂtﬂllﬁu m Iof finel y-divi ded cal ci um
carbonate, calciumsulfate, and Son, contact the flue gas while

descendi ng through the 10 tower countercurrently to the flow of flue gas;
(c) collecting the slurry in a reaction tanggafter contact with the flue
gas; (d) withdrawing slurry fromthe reaction tank; (e) subjecting slurry

wi thdrawn 11 oM 115.afHd £BiskRitGe!shreed fiEf Tefltvely Bier parictes 6rdigm?

recycle streamrich in fine p es of calci arborl; e 15 and anot her
stream ri ch i n suifite having d Wweigbt medianddiametdrfof from abottizd tocahdud Spuocess a
maj or portion of the recycle streamrich in calciumcarbonate; and (Q)

i ntroduci ng fresh cal cium carbonate as feed into the systemin amunts

hat i SSol ved 2and. PRSeredoos pnd RHA2 G WReRIA o Rast RSP 1A8 sty nthe o

that dissolved and reacte t he e l1quid phasé 1 n the
scrubbi ng sect iresycle2strefam i fesdsackthe relactipnt tank lah amselamtatioaf cafciumicpntiininged
cal ci um carponate introduced as feed has ,ght nedian particle size of
| ess than agou o gytfiyrrgo “ﬁ"ﬂt‘%"ﬂ!ﬂ?&'@grsggt%\?\g?l\%process according to claim1
wherein the pH of the slurry as introduced into the scrubbing tower is
wi thin the range of from about 5.0 to about 6. 3. WO 95/ 33547
PCT/ US95/ 07167 223 A process pocarding toataimi2 hwheeein ite molarwatio of caleiumil k f 1 ue
gas flow rate through the . . .

contau%ng to sulfur-containing compounds in the recycle stream is greater than

about 1.4, and the recycle stream comprises less than 5% suspended solids.

23. A process according to claim 15 wherein the calcium carbbnate is milled
10 immediately prior to being supplied as feed to the slurry to maintain 99% of the
calcium carbonate particles less than 441, the weight median size of the calcium
carbonate particies in the reaction tank is maintained within the range of from
about 2 to about 6y, and the weight median particle size of the finely-divided
calciﬁm carbonate as introduced is less than about 8u,.with 99% by weight of the
15 particles being less than 44y.

24. A single-loop, open-tower, countercurrent limestone wet scrubbing process
for reducing the concentration of SO, in flue gases, comprising:

(a) directing a flow of flue gas containing SO, upwardly through a vertical
scrubbing tower;

20 (b) introducing into a vertical scrubbing section within said tower, a spray
of droplets of an aqueous slurry of finely-divided calcium carbonate, caicium
sulfate, and inert solids, preferably having a weight median diameter of caicium
carbonate of about 6 or less and a molar ratio of caicium-containing to sulfur-
containing compounds of at least 1.1, to contact the flue gas while descending

25 through the tower countercurrently to the flow of flue gas;

(c) after contact with the f!ue gas, collecting the slutry in a reaction tank
maintained at a pH of from about 5.0 to about 6.3;



scrubbing tower is up to second. 5. A process according !
to clai waosgssaein the to A | ngl e pass ent ppirRiEe&migEPar at or
effective to reduce the q%'lﬂﬂﬂjm@i!mﬂtus and to turn the 5 di rection
of flow of the flue gases -. effective for efficient !
utilization of a vertically-oriented m st separator. 6. A process according

to claim5 wherein the tower further c% rises a vertically-oriented m st
elimnator, and said entrainnment elimnator being effective to turn the

direction of fl th I . Olerr]l fromthe vertical
i e 100 of 1 i) WBghdiin Sl AR Ind tedbliph TR eferATL varabs Rdidens e
slurry wi t fiseanihe feaigtion tankesfléssotRah aibout 6 hearssed to a hydrocyclone to
provide a recycle streamrich in fine particles of cal cium carbonate having

a wei ght nedi an(e)istbiecting slurnimithdrasyr from the reactioruiank 40 treatmentdniao of

2 ot sehar oIy @pPiclihe fo f8higk (s P8 shieath, ST W Bartbie op e Riim L sur'ri o
havi ng s, V\@émbham%d waiigtit eiedil partiol sk ot legd tHsh aBBUL's (PaRd aRothePr OCESS

according to claim|l erein the sl urr%ai_s wi thdrawn fromthe reaction tank
after an aSt@arydichdr calsiversulfate particlesskaving,a weight:mediap diameter offromocess

accordi ng | s in at |east a portion of the slurry in the 20
recycle st%@%%ﬁs@%’@wg% 'the reaction tank at a molar ratio of
cal ci um cont ai nf@tirRingtbfithé pfoveksiabicaat & poRBMERtheredyclé S8eamticR iand a

solids concentration of less than 10% 10. A process according to claim9
wher ei n t healpimearbanate having:a malanratie of calcivin-containingito sudfur«iontaining

conpo S | he recycle ream, s greater than about 1. 4. WO 95/ 33547,
PCT/ Uggg ] Oé%éog%és_ 4t I€ast 1'4 Ha q

(9) introducing fresh calcium carbonate as feed into the system in

amounts sufficient to replace the calcium withdrawn and not recycled as well as

that dissolved and reacted with the SO, absorbed in the liquid phase in the

scrubbing section, said finely-divided calcium carbonate having a weight median
15 particle size of less than about 8y as introduced.

25. A process according to claim 24 wherein the tower comprises a single pass
entrainment separator effective to turn the direction of flow of the flue gases to an
orientation effective for efficient utilization of a vertically-oriented mist separator.

26. A process according to claim 24 wherein the slurry is introduced into the

20 vertical scrubbing section by spray nozzles, arranged in two levels with a spacing
between levels of less than about 2 meters, and with the direction of flow from
adjacent nozzles alternating between upward and downward.

27. A process according to claim 24 wherein the calcium carbonate is milled
immediately prior to being supplied as feed to the slurry to maintain 99% of the
25 calcium carbonate particles less than 44y, the weight median size of the calcium
carbonate particles in the reaction tank is maintained within the range of from
about 2 to about 6y, and the weight median particle size of the finely-divided



11. A procesg 2 3%1? ng to claim9 wherein the recycle stream conpri ses

| ess than 5% s‘h’if‘g’ ed soli dsj!ﬂgm]ﬂuﬂmﬂm cordi ng to cl aPATUSRFERET n
the slurry is introduced by sprayy ; mﬂgnged intw levels with a
spaci ng between levels of |less than abolit $ *2 meters, and with the
direction of flow from adjacent nozzles alternating be- tween upward and
downward. 13. A process according to clai m®?herein the nedian size of the
cal cium carbonate particles in the reaction tank is maintained within the
range of from atalcitinpcarbonate®S i6freduded iadesst thanvabogh8p nwith 88%pby weight of thee
of the finely-di vi.(jgd 10 cal %i un% arbonate as introduced is |less than
about 8p, with oiep Pelng gas than particles being less than 44[err]. 14.
A process according to claiml|l wherein the pH of the slurry in the reaction
tank is within the range of fromabout 5.8 to about 6.3. 15. A single-Ioop,
open-tower, cou2fl.eAcingiedton, openitower, wountercurtegritlimestanecwet scsubbiog prachssi ng

the concentratipon of SO,,in flue gases onpsising: (a) directing a flow of
flue gas cont aiﬁr Fﬁfl@ag G‘S\f@"&??”g‘fﬂrb?fgﬁaa' 9@%5' &‘3‘?"885'?39 tower at a
bul k flow vej ocity f i t

about 6 met oo per. SoLaREErE S Rbof 1B aaR ealiaifing % (B IhATEANY véitical
section within saubbihgtewer at puli flo@Oveloditydf gréates thain aboulduemedersiperry of

finely-divided cal cium carbonate, calciumsulfate, and inert solids to
contact the flu¥99Bd: while descending through the tower countercurrently to

ot st "' Lhe £ 0 ERbORRAL T A ER ity anter SRR s8R A, S50
after an aver agef drepletscofan aquedusrsiumy of firsely-dividedhéaiciurrBcdrbonate, calcium
10 sulfate, and inert solids, to contact the flue gas while descending through the
tower countercurrently to the flow of flue gas, said siurry being' introduced by
spray nozzles, arranged in two levels with a spacing between levels of less than
about 2 meters, and with the direction of flow from adjacent nozzles alternating
between upward and downward;
16 (c) collecting the slurry in a reaction tank after contact with the flue gés;

(d) withdrawing slurry from the reaction tank;

{e) subjecting slurry withdrawn from the reaction tank to a treatment
effective to provide a recycle stream rich in fine particles of calcium carbonate
and another stream rich in calcium sulfate particles;

20 (f) returning to the process at least a portion of the recycle stream rich in
calcium carbonate; and |

(g) introducing fresh calcium carbonate as feed into the system in
amounts sufficient to replace the calcium withdrawn and not recycled as well as
that dissolved and reacted with the SO, absorbed in the liquid phase in the

25 scrubibing section.

28. A process for reducing the concentration of SO, in a fiue gas by wet
scrubbing, comprising:
(a) directing a flow of flue gas containing SO, upwardly through a

scrubbing tower;
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subj ect iwQ9sBisaTy withdrawn fromthe reaction tank to a tpeghsRghesf fective
to provide a recycle st reﬁw Lll uu rnml)art i cl es of cal ci um carbonate and
anot her streamrich in cal ¥ Mrticles; (f) returning to the ‘
process a major portion of the recycle streamrich in 5 cal ci um carbonate;
and (g) introducing fresh calciumcarbggte as feed into the systemin
anounts sufficient to replace the cal ciumw thdrawn and not recycled as

wel | as that di | ehidibmt he iquid
phase in the scﬁgﬁqﬁﬂ‘dgﬁ??gﬂgf?%ﬁqdﬁgus%mg@@eﬁpmm c:!ﬁ' rcr)‘nat e

i nt r oduced cashohats] calritimgulfate, calcivai suilfitepand aongeactivel solids zto ddsckags t han

about 10[ err s.introduced. 16. rocess acgording . to claim15 wherein
he b of - ibudh ie tpwas Soriesitiaty Tt fow 3L e Gap e weiuht mediandar t he
range of f fﬁeaéé?’él i i ' | t km 16
wher ei n thgppH 0 %Jweﬁca(g?%rﬁhrtglb?hﬁc?%eé?lgéglﬁhglnﬁ{egﬁﬁﬁiég?‘%ﬁ]%cflgélcfﬂ Vﬂoﬂ#n t he
range o fBpm about 5.8 to about 6.3. 15 18. A process according to claim
15 wherein the conprise I ngl e- pass  entrainnent separator
effective to re&ﬁgﬁ["t‘"ﬂ%gngﬁﬁtﬁ?ﬁ’@h ﬁ?eﬂﬂﬁggﬁr@uﬁ%ﬁ%ﬁg?%m%@%'ﬁ"t he
direction ¢fqfl ow of the flue gases to an orientation effective for

ef ficient ut |kl’i zation of a vertically-oriented m st separator. 19. A
process accor di (@) maintdiringnalighvresctivity infthe tsturyr by withdrawing siuriy$em the20
verti cal | y-ori,enteclhm'%t el imnator, .and said entrainment separator is

ef fecti ve [RRYHIAR taRk,ang;Suljecting siyfry W “f%@e?tm%‘tﬂ'hgé‘é!dwgﬁlpnﬁé%st 30
fromt % ' ' i ([ AEHR ARSEHAL im 15
wher ei i@t hgfiﬁdﬁ%§%cﬁ%§%ﬁﬁfpmﬁﬁggagae§t¥on tankél S ﬁgmés?gﬂ%?ﬁa‘ﬁ ‘
hydr ocycl osteeam richdn iceleilam salfate| bothtofesaid streams coftaimingdissowedt i cl es of

cal cium car ponat e havi.ng a wei ght di an_di anet er of .about. 8[err] or |ess
and a nol afhipy ?%%‘?j%ﬁ&ﬁrﬁmégﬁpamrﬁﬁuﬁgeﬁlﬁgs@Bﬁtaeﬁ‘?ﬁ'ﬂﬁgf:m?]pounds of

at- recycle stream to remove either soluble chlorides or non-reactive solids, or both ;

and

15 (f) introducing fresh calcium carbonate as feed into the system in amounts
sufficient to replace the calcium withdrawn due to said separation of said calcium
sulfate and said portion of said recycle stream discharged, said 'ﬂnely-divided
calcium carbonate having a weight median particle size of less than about 10y as
introduced.

20 30. A process for reducing the concentration of SO, in combustion effluents,
comprising: '

(a) providing a scrubbing tower comprising a gas inlet duct, a gas outlet
duct, and a vertical scrubbing section, configured to direct a flow of flue gas
upwardly through said vertical scrubbing section;

25 (b) positioning an array of spray devices within said scrubbing section,
said array being configured to introduce a spray of an aqueous slurry of finely-
divided calcium carbonate, calcium sulfate, calcium sulfite, and non-reactive
solids to descend through the tower countercurrently to the flow of flue gés;

(c) supplying calcium carbonate with a weight median particle size of less

30 than about 8y as feed,;
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stre | ln_relatively |arger ppetusdsasief
cakciumsulfite having a i\ﬂl‘!ﬂﬂ@%l gi meter of from about 25 to about
55[err]. 21. A process ac Aile by ' 20 wherein at | east a portion of

the slurry in the recycle streamis fed back the reaction tank at a nol ar
ratio of calciumcontaining 5 to sulfur-cogg.ai ni ng conpounds of at | east
1.3. 22. A process according to claim21 wherein the nolar ratio of

cal ci um contai ni ng T Festiohioh M ENERYBEISIT shi : i s
greater than about &é)gfréghgﬁt%e re%gdgagtream conﬁ?@s%@%@?‘?%gﬁ§lg%w
suspended sol i épablexollsctiormeaktbe shurnymaftérapeniod dfdantadt withesaid fiue lgasarithin um

b te i illed 10 i di at el i, t Q. bei i ed feed to th
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44[err], the Waaghi rdRtionds M SO0 ithitRe Calchind Barfratd & ﬁnmaéryasisgcg ggghiﬁrhe

reaction tank is maintained wthfn the range of from about 2 to
6[err], anddt hsulfatedtavingsalweight median padiclecdiametératiieast 2\times laiger thah theim
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countercurrent linme #55,- b f kilAdk: ;
concentration of SO,?é) S{r;l‘ﬁ,f uemggie , r@%ﬁg&?ﬁg’“ 2&‘5 ?;@mﬁqﬂuw&vsgl
flue gas cont aamapgf SArayujeviced|posttioned giithin saidtscrubibing sedtimnngndower ; 20

b) introducing int tical bbi ion within said tower,
Splay of i opl ot . ofd AR Y EHIRJAR RoRiSab e Sk Ba rerctir A Biat .

cal ci um su4p at gz il 'ﬁc% ; : hé thedsii r@,gl,l,

di anet er o#é camtpgfrﬁé\gggggn te dagagb%éteﬁﬁ ’ga:ﬂrki’pgféél %g!s aﬁﬁygmr'r‘g ar f’g?’. t(g,eof

cal ci um cont ai reavgiohdarsiuta’ ahydrocyclone to provide a recycle stream rich_ in small particles
of calcium carbonate and a stream rich in relatively larger particles of caicium
suifate, determining the chloride content of the recycle stream, and discharging a

portion of the recycle stream in response to the determined chioride content.

16 31. A process for reducing the concentration of SO, in flue gases by wet
scrubbing, comprising:
(a) directing a flow of flue gas containing SO, upwardly through a
scrubbing tower,
(b) introducing a spray of an aqueous sturry of finely-divided caicium
20 carbonate, caicium sulfate, calcium sulfite, and non-reactive solids to descend
“through the tower countercurrently to the flow of flue gas, the pH of the slurry in
the reaction tank being within the range of from about 5.0 to about 6.3,
(c) collecting the slurty in a reaction tank,
(d) maintaining a low chloride content in the slurry in the reaction tank by
25 withdrawing slurry from said reaction tank, passing the slurry withdrawn from the
reaction tank to a hydrocyclone to provide a recycle stream rich in small particles
of calcium carbonate and a stream rich in relatively larger particles of caicium
sulfate, determining the chloride content of the recycte stream, and discharging a
portion of the recycle stream in response to the chloride content;
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10 gases, comprising:

(a) a scrubbing tower comprising a gas inlet duct, a gas outlet duct, and a

vertical scrubbing section, configured to direct a flow of flue gas upwardly

through said scrubbing section;

(b) an array of spray devices positioned within said scrubbing section

16  configured to introduce a spray of an aqueous slurry of finely-divided calcium

carbonate to descend through the tower countercurrently to the flow of flue gas;

(c) a reaction tank located below said array of spray devices to enable

collection of the slurry after a period of contact with said flue gas within said

vertical scrubbing section, said reaction tank being of a size suitable to permit

20 reaction of the SO, with the calcium carbonate to form crystals of gypsum having

a weight median patrticle diameter at least 2 times larger than the particles of

calcium carbonate added as feed;

(d) means for supplying calcium carbonate with a weight median particle

size of less than about 10y as feed to said reaction tank;

25

* (e) a spray slurry supply means comprising at least one pump and

associated conduit for withdrawing siurry from the reaction tank and delivering

slurry to said array of spray devices positioned within said scrubbing section;

(f) a slurry quality maintenance system including a hydrocyclone capable

of separating said slurry in said reaction tank into a stream rich in small particles

30 of calcium carbonate and relatively larger particles of calcium sulfate, at least one



20 vertical scrubbing section by spray no es, arranged in two |levels

wi th a spaciW@ou¥s#ken | evel nmmﬂmﬁl “ ﬁE out 2 neters, arrtTVusIsotiee
direction of flow from adj ac . nati ng bet ween upward and
downward. 27. A process according to claim24 wherein the cal ci um carbonate
is mlled inmmediately prior to being supplied as feed to the slurry to

mai ntain 99% of the 25 cal cium carbonate pgrticles |ess than 44p, the

wei ght nedi an size of the cal cium carbonate particles in the reaction tank
| s 1l nt ai ned Wi dhd Besdclisk cBhddif RFWARBHIwiRg SRr IRl ion itk
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reducing the ceagRphietfrbmsahi ; YEdigaH f inSédmunlication with( &)
directing a flow of flue gas gy?rﬁ)g &n?é]ég SO, upévgrcgﬁgmt ﬁ%ughuglc\a}g% ?N(':tgl
scrubbi ng t®wesaidtrecydie: canduiband atiapted yo eémovea tperticrnefrsaid cedycle streaet from
per second; (b jrﬂriﬁ#min Jntq a vertic scrubbing section within said
tower, a spr ayg%‘Fj rae E?'%&Bﬁ- a&aaaﬁ\j@%‘ss Rig shyrmyree gordut lgadingdram um
carbonat e, cal gi; } i e gas
whi | e descendi %‘HW ra&fgﬁqn g&%nvvg{r?@ggfgﬁ{ngrsgﬁt?%mr yﬁ?@%ﬁﬁ}w%\?\ﬁ;&#l ue
gas, said slurry being introduced by spray nozzles, arranged in two |evels
wi th a spacing between |levels of |ess than about 2 neters, and with the
direction of flow from adjacent nozzles alternating between upward and

downwar d; 15 (c) collecting the slurry in a reaction tank after
contact with the flue gas;



(d) withdrawing slurry fromthe reaction tank; (e) subjecting slurry
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streamrich in calciumsulfate particles; 20 (f) returning to the
process at |least a portion of the recycle streamrich in cal cium carbonate;
and (g) introducing fresh cal ciumcarbonate as feed into the systesm in

anounts sufficient to replace the calmli?vmthdramm and not recycl as
wel | as that dissolved and reacted with t'he SO err] absorbed |n/rh l'iquid
phase in the 25 scrubbing section. 29. A process for reducin
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10 provide a recycle streamrich in fine particles of cal cium carbonate
and anot her ¥W0®#533547 ch in calciumsulfate, both of said stre kLNi ng
di ssol ved chl orides, and discharging the calciumsulfate as sgﬁﬁﬁgggﬁﬁkg
portion of the recycle streamto renove either soluble chlorides or
non-reactive solids, or both; and 15 (f) introducing fresh cal ci um
carbonate as feed into the systemin anounts sufficient to replace the

cal ciumwi t hdrawn due to said separation of ga4d cal cium sulfate and said
portion of said recycle stream di scharged, said finely-divided cal cium

carbonat e having a wei ght nedi an , Jerr]
as introduced. 20 30. Apro Tor reducling the concentrgtfjon off SO err]
in conbustion effluents, cq sing: (a) providing a scrubbiin t ower
conprising a gas inlet dyck; ajgas outlet duct, and a vertidal scrubbing
section, configured t fect a/fow of flue gas upwardly thrpugh said
vertical scrubbing sedfion; 25 (b) positioning an arirqy of |spray
devices within said sqfubbing section, said array bei ng&@mnft gured fto
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t han about 8[err] as flged,; WO 95/
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said vertical scrubbing section, said reaction tank being of a size

sui tabl e toﬁvgggmstureactlon of the SOerr] with the cal ci um RGHBSIATEt o
formcrystals of calciumb5 sul fate having a wei ght nedian particle
dianeter at least 2 times larger than the particles of cal ciumas added as
feed; (e) withdrawing slurry fromthe reacﬁ/’on tank and delivering slurry

to sald array of spray devices positi-efret-w s tHebi-Re ectl.
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(e) returniwg9s3aserti on of the recycle stream having a nol #CHEIRG7IET

cal cium contai ning to sul fur-containing conpounds greater than about 1.3,
to the reaction tank; (e) withdrawing the streamrich in calciumsulfate
fromthe hydrocyclone to 5 recover calciumsulfate; and (f) introducing
fresh cal cium carbonate into the system igfgamounts sufficient to repl ace
the cal ciumw thdrawn, said finely-dvided calciumcarbonate having a

wei ght nedi an particle size of les an about 10[err]. 32. A wet scrubbing
apparatus for reducing the concengyatign of SOerr] in flue 10 gases,
conprising: (a) a scrubbing tower{ conprdsing a s inlet duct, a gas outlet

duct, and a vertical scrubbtag ti~erh fihgured to direct a flow of flue
gas upwardly through said scrubbing /B &n array of spray devices
positioned within said scrubbing se nfiYured to introduce a
spray of an aqueous slurry of finel ' \ C I um car bonate to descend
t hrough the tower countercurrentl [poW™ e gas; (c) a reaction
tank | ocated bel ow said array of Y to abl e collection of the
slurry after a period of contactQW® d fi\de Wi thin said vertical
scrubbi ng section, said reacti o O e suitable to permt 20
reaction of the S02 with the at o] crystals of gypsum
havi ng a wei ght nedian partic eaA¥t 2 tityes |arger than the
particles of cal ci wp carbon | yi ng
cal ci um carbonate w a wei ' e Ol V. e5s5 tiran about
10[err] as feed to Saignre \
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(54 Tith:/ﬁPROVED WET SCRUBBING METHOD AND APPARATUS FOR REMOVING SULFUR OXIDES FROM COMBUS-
TION EFFLUENTS

{S7) Abstract

Sulfur oxides (SOx) are scrubbed from combustion effluents with aqueous limestone slurries single-loop, open-tower countercurrent
limestone wet scrubbers. Efftuent ﬁog( rates are greatly increased while L/G values and reaction tank (150) residence times are decreased.
Improved entrainment eliminator design, nozzie (112) placement and spacing, and the use of a hydrocyclone (181) to separate and recycle
smaller particles of limestone from the byproduct gypsum, facilitate these advantages, Limestone is reduced to very fine particles, e.g.
about 8¢ or less with more than 99 % of the particle by wexght less than 44s, and introduced into a scrubbing slurmry which is contacted
with SOx-laden effluent. Reactivity of the scrubbing slurry is maintained, even at reduced pH, by continuously operating a hydrocycione to
assure a molar ratio of calcium-containing to sulfur-containing compounds of greater than about 1.3 to 1 while keeping both a fow chloride
and low non-reactive solids content. “The hydrocyclone removes large particles of calcium sulfate and provides a recycle stream (184) of
fine calcium carbonate and non-reactive solids which is bled off as necessary to maintain both the desired low chloride and non-reactive
solids levels.
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