DESCRI PTI ON | MPROVED ENTRAI NVENT SEPARATOR FOR HI GH VELOCI TY GASES 5
. AND REHRAGLLS3sE8 SCRUBBER GASES Techni cal Field The i nventpicgi;doghAugs to
«improvenents I n separating liquid droplets fromgas streans wth greater
efficiency and reliability and, in preferred form enabling the renoval of
sul fur oxides [err] from conbustion effluents. The 10 I nvention is
particularly applicable and useful for |inmestone-based wet scrubbing
systens whi ch enpl oy counter-current contacting open spray towers to absorb
[err] fromeffluent flue gases, and in particular, to open spray towers
that operate at very high superficial gas velocities in order to inprove
contacting efficiency. 15 A nunber of industrial processes rely on
contacting gas streans at high vel DESORNTIONIropl ets of liquid and, then,
separating the gas and the liquid. Anong these, are various scrubbing
processes such as those enployed to renove sul fur oxides from conbustion
ef fluents. Conbustion of materials containing sulfur (e.g., fuels such as
oil and 20 coal ) produces a variety of oxides of sulfur which are

referred to as a group HMPROVED ENTRAINMENT SEPARATORuUcCti on of [err]
em ssions. One efficient nethod for SaBSTI TUTE _SHEET (RULE 26) 2
treating conbustion ef f 1 uent EORoH} F@HTY st one- based wet

scrubpi ng. Li mestone-ba [ ééﬁ ' |1 devel oped and
effective; however, ver&%@i%ﬁﬁ%% 'S p?c%?@e‘%#@E?costs are
proportional. It would be desirable to permt the use of high gas

vel ocities for a nunmber of reasons

Technical Field

The invention rei 2s to improvements in separating liquid droplets from
gas streams with greatei efficiency and reliability and, in preferred form,
enabling the removal of sulfur oxides (SO,) from combustion effluents. The

10 invention is particularly applicable and useful for limestone-based wet
scrubbing systems which employ counter-current contacting open spray towers
to absorb SO, from effluent flue gases, and in particular, to open spray towers
that operate at very high superficial gas velocities in order to improve
contacting efficiency.

15 A number of industrial processes rely on contacting gas streams at high
velocity with droplets of liquid and, then, separating the gas and the liquid.
Among these, are various scrubbing processes such as those employed to
remove sulfur oxides from combustion effiuents.

Combustion of materials containing sulfur (e.g., fuels such as oil and

20 coal) produces a variety of oxides of sulfur which are referred to as a group as
SO,. Regulations require reduction of SO, emissions. One efficient method for

SUBSTITUTE SHEET (RULE 26}



5 expl ai ned in copendi ng, comonl y-assigned U.S. Patent application S.N."
08/ 257, Lled in the names of GE. Bresowar, J. Kling . Bakke
on Junelg?,l%éh%sg(attorney' s file number 1930-P0004). Unf oi’?’ﬁhjﬁ’%{"{}‘ t he use
of hi.gh gas velocities in counter-current gas-liquid contactors, such as
open spray towers, has the tendency to nmake the renoval of 10 ent rai ned
liquid droplets nore difficult and aggravates probl ens associ at ed keepi ng

the m st elimnation devices clean and v@th droplets inpacting scrubber
wal I's, roofs, and other equipnment. Fouled m'st elimnators in such

processes {rahg Gombustidreefusats 1oerehiile SO, id Abstons-txseer wal srabBfighi th

calciumsul fate. Encrusted walls, roofs, afd other equi pment can | ngf ease
pressure dkimgstorie-basad wejisctubbing)teghmelagy-is avelbdevetopediandleffectiesul t i n

| ar ge pi ecgs of degos"t ed solids breaking off and damagicg% ot her in%rtant
processi ngNSYWEYS NREY laggR. pAUPMEnt I8 required and Gosts g propoiiional. Ihweu

forth. In ks | . ] lgquid or slurry
pr ocessi ng%??%ﬁ}ﬂg#g%gg&ggﬁ%%gf%@%gﬁ%8§fzchf;é'§ f?ﬂé?{éﬂlﬁtﬁ% %ﬂ%ﬁ%’ﬁ%i ng the
degr adnt i oexplainedsh eopeadingbeommoniy-assigned .S, Patentdppiicatibre SLN. have an

| mpr oved aggar atus for renoving entrained liquid droplets (e.g., scrubbing
slurries) 98287160, dilsd indhe mampsokGik Brespwas. J. Klingsper,iand Ef Bakienon) .

Li qui d entraj S Sin Gt ANEfOr their purpose, nust .
cause i qu*@%%& EW§%$%@BWBSBﬁé§§%m surfaces to drop the liquid
out of 25 the gas. The surfaces nust be easily drained and easily washed.
They al so nmust not significantly contribute to reentrainnent of the |iquid.
I't i's preferredUnfortunately] theauseoofshigh gaspleigcities/ iy ¢ourél-yurrentegds2iqui St (
el imnator, but these are not 3 practical if it means that the gas

.stream rrus?o"ﬂécmvr%!fh@%ﬂﬂmﬁpﬂﬂyrtﬁ’ e5s. has thetendency lompke ¢he cemavalkof
Encrugd at | ghtraiRdd ibaicPdropitis Morl d¥RbER Bni Y dfavites problems associated

keeping the mist elimination devices clean a_nd'with droplets impacting scrubber
walls, roofs, and other equipment. Fouled mist elimin_étors in such processes
tend to plug because the fouling liquid is supersaturated with calcium sulfate,
Encrusted walls, roofs, and other equipment can iribrea'sé.pres'sure drops
15 through the equipment and can periodicaily feétjlt_ in large pieces of deposited
~ solids breaking off and "t:ia_n'i'aging other imbortar’lt: pibééséing“equibmerit', suc':h. as
spray headers, hdzzles, 'bl_"ét:in'g'. and so-fo_rth.' In additidn, solids from 5u¢h
fallout can enter the liquid or slurry :bfddeés'ir:\g syéfétn and cause plﬁgging of
nozzies, therefore compounding the degradation of systém reliébiiity. It would be
20 desirable to have an improved apparatus for removing entrained liquid droplets
(e.g., scrubb_ing slurries) from répidly-moving gés_ét_feaihs (e.g., cbmbustion
effluents). o |

Liquid entrainment sepératofs, to .b'e effective for their purpose, must
cause liquid droplets to impinge on one or more surfaces to drop the liquid out of
25 the gas. The surfaces must be easily df_ai_ned and easily washed. They aiso
must not significantly contribute to reentrainment of the liquid. It is preferred in
many situations to employ a vertically-orienfed mist eliminator, but these are not

»



the result. It would be desirable to i nprove wet scrubbing and ot her

t echnol ogi dependi ng on gas-liquid contact with the 5%
gﬁbﬁﬁmiﬁ% fH|C|e§@”%énova

‘ent rai n I'i'quid fromthe effluent gas by enabling nore e

of entrained liquid droplets with high throughput, |ow pressure drop and

| ow tendency to cake or encrust with solids carried in the liquid.

Si ngl e-1 oop, open-tower systens enploying cal cium carbonate to react 10
with the [err] are the -sinplest in const8uction and operation. These
systens are often preferred because they can be operated with | ow pressure

drop and hpreetieal ibit rheariethait theogas stréaft meist/be terfédaffbmﬁé\%&idai bghe”

sinplicity and reliability have, however, been offset I n sonme situations by
t hei r | ar geoRtagtwithipassage walls: &norygstatien aeddtsi attendant protdens woulthbe
carbonate glurries enpl oyed. For exanple, 15 because they do not enpl oy
any trays ﬁﬁgﬁings to inprove contact between the effluent and the
scrubbing liquid, tower heights are typically high and many | evels of spray
nozzl es have been enpl oyed to assure good contact. Also, the ability of the

scrubbing 1i qui i wauld beaddsirfable fo iprove et serubbing add otherteehhaidigies
alkalinity in the liquid but solubility of calciumcarbonate decreases
with @ kal #6RpeRAIDG on gassliguid coptagt withihedemaval atentirinad diqyid fromfthei | i t at e
good absor i r .nigh-1oa nditions. .Lt ul d pbe

esi rabi o SRS b dnagii FodlB SHiciehe R oE Brtinestiinid Breilets wib

cal ci um cajj tbﬁaﬁ' a?'gl{’feuﬁ%h ol lGERasi Ng

t he Iinearlgpgaﬁﬁgﬁgm%# ef#Fﬁg#%Qggkar y t rgggﬁ?%%e toQanéﬁgpﬁgﬁ

decr easi ngsalidserartied dhthe liquidcr ease space requirenents for itself and to

provi de 4 the added benefit of facilitating the use of a
vertically-oriented, rotary, gas-to-gas heat exchanger.

Single-loop, open-tower systems employing calcium carbonate to react

10 with the SO, are the simplest in construction and operation. These systems are
often preferred because they can be operated with low pressure drop and have a
low tendency to scale or piug. The advantages of their simplicity and reliability
have, however, been offset in some situations by their large size which is related
to the reactivity of the caicium carbonate slurries empioyed. For exampie,

15 because they do not employ any trays or packings to improve contact between
the effiuent and the scrubbing liquid, tower heights are typically high and many
levels of spray nozzles have been employed to assure good contact. Also, the
ability of the scrubbing fiquid to absorb SO, from the gas depends on available
alkalinity in the liquid, but solubility of calcium carbonate decreases with alkalinity

20 — again, towers have been designed high to facilitate good absorption of SO,
even under high-load conditions.

it would be desirable to improve single-loop, open tower wet scrubbing
employing calcium carbonate for treating SO,-laden combustion effluents, by
increasing the linear flow rate of effluent upwardly through the tower and
25 decreasing tower height to decrease space requirements for itself and to provide



Background Art The technol ogy for wet scrubbing conbustion effluents to-
renove

- configurati'ons.

provides gas-liquid contact in a nunber gdr@sdsioasgnt

towers and towers which enpl oy packings or trays. In the vast majority of
these designs, gas flows vertically upward and the liquid fl ows downward,
under the influence of gravity. The use of a variety of reagents has been

suggest ed, but the nost preferred are 18

~low cost and stored and transported with nmini- mal special handling.

Cal ci um cahéadded benefitref faciitatingsthei usetdfa vertigaliy+otiented rétaryymgasi-toedasli ng
| imestone) is a material of choice because it neets these criteria and,

when pr opdeay

exehRNgsfed, yiel ds process byproducts that can be easily dis

posed of as landfill or sold as gypsum The design and operation of

si ngl e-1 oop, countercurrent spray towers-utilizing |inmestone is discussed
by Rader and Bakke, in Incorporating Full-Scal e Experience Into Advanced
Li rest one Wet FGD Designs, a paper presented at the | GCl Forum ' 91,

. Sept enber Bagkgrothd Art \\ashi ngton, D.C. Open:spray towers (i.e., those not
. havi ng packings, trays or other neans for facilitating gas- 20 l'iquid
contact) are presented as si.nple in design and of :high reliability for flue

f . d | f . . - . . .
ntra nent - sopi e Doy, fef BEBbind QiU BTN & (AP S0y

descrisbe tgrpvided q&tﬂqmd vontachin a Auniber ofi iffetentconfigunatidns: cAmengitheal an
Ta

commerci al ly avai

ble mst 25° elimnators is discussed by Jones,

Mcl nt ush, mostkRreminentare therep tercurrent spraydowers and ewers whichem Desi
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vertically upward and the liquid flows downward, .__u_rqu_eg; the influence of gravity.

The use of a variety of -reagénts has been st;_lggestgd.-z.b.ﬁt the most preferred are
those which can be purchased at low cost and:._sto___r,ed and transported with mini-
mal special handling. Calciumparbdna_te_ (commercially available in a number of
forms, including_limes_tdne.) isa maté_rial of c_:hoi_c_é. because it meets these criteria
and, when properly prOc_qssed.ﬁ_yield's process prfoducts that can be easily dis-

‘posed of as landfill or sold as gypsum.

The design and operation of single-loop,. countercurrent spray towers

_ _uti,l'izing limestone is discussed by Rader and Bakke, in lhcomorating Full-Scale

Experience Into Advanced Limestone Wet FGD Designs, a paper presented at
the IGCI Forum ‘91, September 12, 1991, in Washington, D.C. Open spray
towers (i.e., those not having packings, trays or _chei’._ means for facilitating gas-
liquid dontact) are présented as simple in design and of high reliability for flue
gas desulfurization (FGD). The authors do not _,e_x_tgr:l;s_iyely- discuss entrainment
separators, but do show a tﬂvofstage mist eliminator and describe top and bottom
washing. y _ .

~ - Athorough discussion of conventional and commercially available mist
eliminators is discussed by Jones, Mcintush, Lundeen, Rhudy, and Bowen, in

Anong the nost proninent are the open countercurrent spray

t hose which can be purchased at

d

9ng



show.t hr ough extensive testing in a special test rig that high,

verti callyokiigs d gas velocities (i.e., those greater thapcaRRuénrp MELErS
. per second) I'n a spray 5 zone are difficult to effectively dem st because
of a phenonena known as "breakthrough”. Breakthrough occurs when the m st
elimnator effectively is flooded with liquid due to inadequate drainage.
Various m st elimnator designs experience this breakthrough at different
gas velocities, depending on the vagari & of the particular design.
However, in general, no mst elimnator is 10 satisfactory in vertically

upwar d gasvist Bimiration SysteneDesigniaid Speeificationfdr #GD Byetarns| prekehted
experi ence breakt hrough_. It would be desirable to provide m st elimnation

whi ch was Agust 26y 298 be\1893:30: ControbBympesisim; Beston, MAeThe authors
d disgl . | Qr. | J f. tical  flow,
st one SheRciivoigh SPERsiE st e sRGRlTReE FoMREGR. wiichV-yPiges "
itable f i | T4 ' ¥
Second.  TISHS RASCHES 1%, 1850 dieaier Ut SBOUCTTD rAERRS per sodind)in dHray> Po!
syst em at zZsne\areRifficulh to effectialydemistibacause kif at plearamena kndansase! | e Power

Station, Unit 12, located in the Netherlands, illustrated guite
sati sfact gpﬁ%"%?“ﬂbseé&ﬂ“éhmﬁmrﬁ Whﬁﬁéﬁg anist 9@?““?3@'93"?%@?[? Brom

osi on | s ToRuBf P ladid dusRlinFe B sPainye YArRiug this? Busfiib6f octighe- ™
ci rcunt er idplefibhite B8 bredktArcuyhV4t différent hhs %lodiﬁé@é"d%péﬁdin@%}?théfnt rai ned

slurry fromthe spray zone nust travel up, then nmake a radial turn
out war dl y vagagies of e pagiculardesign. Howeveninmgengtal, mo misttliminatards oper at es

ficial f | gci h | h h ' he 25
of 118 1 oveatistacienydn elically uiivasd s Mol b0y 4,5 Selers et $6cpBe g8 ol hor

t he upper a?@ra‘t'r@lﬁo%tpéfl@nég ?Fetaﬁlirﬁhﬁﬁt or are under-utilized while the
C 0 e

| ower portions, those 0ses spray zone, handle nost of the flue
gas and entrained slurry. Such a unit as shown at Borsselle is expensive to
construct and

it would be desirable to provide mist elimination which was effective at gas

velocities even higher than 4.5 meters per second disclosed by Rader and
Bakke. One major supplier of vertical flow, iimestone-based FGD systems has a

15 mist eliminator design proven suitable for gas velocities in the spray zone greater
than 4.5 meters per second. The design is described most typically by the mist
eliminator system at N. V. Provinciale Zeeuwse Energie-Maatschappij's Borsselle
Power Station, Unit 12, located in the Netheriands, illustrated quite satisfactorily
by Rosenberg and Koch in the July 10, 1989 report from Battelle's Stack Gas

20 Emissions Control Coordination Center Group. The design is based on a
horizontal flow mist eliminator oriented circumferentially about and above the
vertical flow spray zone. Entrained slurry from the spray zone must travel up,
then make a radial turn outwardly to pass through the mist eliminator. The mist
eliminator operates at a superficial face velocity much lower than that in the

25 spray zone of the tower, indeed less than 20% of the spray zone gas velocity.
Further, the upper portions of the mist eliminator are under-utilized while the
lower portions, those closest to the spray zone, handie most of the flue gas and
entrained slurry. Such a unit as shown at Borsselle is expensive to construct and



6 mai ntain. Should the Borsselle design be nmade shorter to |ower the cost,
then it _could be and should be anticipated that severe r |ts woul d
occur dY¥O WP ngenent of vertically-directed dropletsqﬁ$8ﬂﬁgﬁgbépray
zone that did not make the turn into the mst elimnator. So while it is

- readily acknow edged and 5 common practice to operate horizontal flow
mst elimnators in |inmestone-based FGD service at gas velocities of 4.5 to
6.0 meters per second, .the Borssell e degi gn cannot be operated this way
because of risk of roof deposits. Inpingenent of slurry droplets on

surfaces mhfa?ﬁ%bu&oegeﬁ%ﬂégge%%ﬁgg%%bﬂéﬁtd widrtR8aae harfd FD

systens is not desira ets that do not disengage as
dropl et s, coeld baaadrshoukbbé adticiphted thakt sewéreabdf depesitst woulkd sowur deiedbt
will formscale deposits, as the di sarol ved cal ciumions precipitate with

absor bed dmPiNgesnestiafivedically-dirgctad dropwets fromyiha spray Zone thahdid net make t end

For ces. or AT BB nis? Eiros .38 vkt & Tepfly SGkowighbed BREL V1Y 15
undesir ablcdnfbHPradtite/td! speraR horthtdlfow fistelithifstor ibiirlaspe-BasedPr ay

tower internals and other ‘equi pnent.. The prior art does not directly
addr ess t GPDEenvice at gas velogities ofh do 6.0 metersparsecond, thenBorsselié

entrained |iquid droplets i scrubber gas .streans jrovi vertically at
vel ocitie er?&'bcﬁm .@%FJ%%\Q’F&’@GBH?\E? 'Fﬁ%’ﬂ? roﬁ Jé%@ﬁgg't i ng probl ens
of the type nentioned above. In single-loop, countercurrent, open scrubbing
"towers of the type discussed by Rader and Bakke, a scrubbing |iquid based

on. cal ci um car Haipmgerheaef shompdropléts orhsurtaddseupstreaim of iowsstreahnet (
upwardly. They summarize historical values for a range of paraneters,
i ncl udi ng maist eliminataessinimestons-based FGP systgms isinat dgsirables Impingedraxi num

oo S8, ol 58 M bR o e BB bR S 86
under their own weight, will form scale deposits as the dissolved calcium ions
precipitate with- absorbed sulfite oxidized to sulfate. These gypsum scale
deposits will tend to build on themselves, growing at a substantial rate until ;
mechanical forces or their sheer weight causes them to'break off. This is a very

15 undesirable situation which can, and has, caused serious damage to spray tower

internais and other equipment.

'The prior art does not directly address the points necessary to achieve
improvements in removal of entrained:liquid droplets‘in. FGD scrubber gas
streams moving vertically at velocities more than 4.5 meters per second without

20  creating problems of the type mentioned above. -

In single-loop, coUntercurrent, open.-scl_'ubbing%towers of the type
discussed by Rader -ahd-.B;akke, a scrubbing liquid based on calicium carbonate
flows downwardly while the SO,-laden effluent flows upwardly. They summarize
historical values for a range of parameters, including absorber gas velocity -

25 (giving a minimum of 6 and a maximum of 15 feet per second, i.e. about 2 to less
than 4.5 meters per second), indicating that absorber gas velocity has a weak



"7 influence on the liquid-to-gas ratio (L/QG, a key factor in both capital

and ope ' penses. The height of the spray contactin ' hese
;towers F’@#&# ven, but typical values will be on the org%?,%§$5147?%8tm about

6 to about 15 neters, historically considered an inportant factor in

engi neering an efficient 5 system whi ch can be expected to reliably
renove at |east 95% of the SO,, from conbustion effluents. The [err]
principally [err], is absorbed in the dgscending scrubbing slurry and is
collected in a reaction tank where calciumsulfite and calciumsulfate are

formed. Digfivenebion thediqued-bas ratL/G), & K¥y FaRbEm Eahf@ml hAg Production

of the 10 sul fate. Once the crystals'of sulfate are gr to a sufficient
si ze, theyppearatingegxpanses. flhenheigbt of therspray cohtacting @onerin thede tolWersds

scrubbing towers are relatively econom.cal to gperate, but the size and
resul ting “989["981 gvﬁwpm?vg'"eﬁ“@@em ¥der offromabewts tnabavhtes of
scrubbers i | ! : : . t_ gl pical to
utilize tﬁgétﬁréé;th?sg{)xﬁg ébr??(?rér ﬁg%P ﬁﬁyeif%rtaagllt 0 rrelr?ééjlqg‘{‘ﬁeem(‘)%ghﬁfﬁé?égd flue
gasess f ol lsgsiengwiishitdn bg expdctedi torrefiablgiremovreas Iédst@EIb of tisd 8TK fraf! ess
this is done, a plune will be evident and any objectionabl e conponents
remai ni ng cambustien efffugntsind di sperse as desired.” Wth the typical very high

scrubbing towers of the prior art, a rotary, gas-to-gas heat exchanger is
20 often enployed in the horizontal position - rotating about a vertical

s Th it L : ) . . ) ' :
?(glnfs i gurgdu? l) t-)prhl'énge%g{rl} asylsst.?’géér:rsaatggmgﬁghftﬁg%é%wg%ﬁ%g%gw >

ori ent at i andrig gollected in aubaction tamk wherencalciUindsulfitecand calctum eulfats areg t he
reheater and the_scr ubbi&% tower, and because of the corrosiveness of the

gases, t hfarmes Qesiably, i reackam tank isoxygensted todpree-thecpraduction of thet .
10 sulfate. Once the crystals of suifate are grown to a sufficient size, they are

separated from the slurry in the reaction tank. These scrubbing towers are
relatively economical to operate, but the size and resulting cost of the units can
be a factor limiting the usefulness of scrubbers of this type in exiting power
plants.

15 It is typical to utilize the heat of the incoming flue gas to reheat the
desulfurized flue gases following scrubbing and prior to discharge through a
stack. Uniess this is done, a plume will be evident and any objectionable
components remaining will not rise and disperse as desired. With the typical
very high scrubbing towers of the prior art, a rotary, gas-to-gas heat exchanger is

20 often employed in the horizontal position — rotating about a vertical axis. The
unit is positioned in a convenient location and duct work is configured to bring
both gas streams to and from it. The horizontal orientation requires a substantial
amount of ductwork interconnecting the reheater and the scrubbing tower, and
because of the corrosiveness of the gases, this ductwork is quite expensive to

25 fabricate and construct.



8 In a paper by K. R Hegemann, et al., entitled THE Bl SCHOFF FLUE GAS -
DESULFU 35y PROCESS (presented at the EPA and EPRI Coﬁgﬂﬁ f %sFi_ rst:
Conbi ne?‘ig@ and Dry [err] Control Synposium Cctober 25-28, %802 a .
scrubbing tower with a horizontally-oriented, vertical-shaft, rotary

‘reheater of the 5 type just described is discussed. It can be seen that

the reheater placed in this orientation requires a substantial anount of
expensi ve interconnecting duct work whidh is consistent with the great
hei ght of the scrubbing tower. The Hegemann, et at paper also depicts a

hydr ocycl one | dopa papehby Kp&. drtegenﬁa_rwm_wlm_ ghtiqu.m@ms;c;#aﬁfs%y@mq o
a coarse s ( Ine sollds stream wt the Tine sollads
stream bei lﬁé 5@@#@%’@?\?‘3@ Oi&ﬁ‘ﬁﬁ Heresented attherBPAand\GPRS cosponsaed

oo Tt cr OB %e e ORe SO sy hddhimr Dl 20ds. flpdha o

- case, aft ajergistiingabwapwithfd ﬁﬁriiﬁﬁt'alﬁﬁdﬁéﬂitéémléﬂiﬂﬁ’maéﬂ%ﬁagyi?gﬁ%ﬂg{) éfs-feh?g} .

rich in gypsum water as part of a thickened fines strea

al ong Swi t Hype justslescribed is disaussed. Hié can besseamihat the tefieziter plated iretiis
approaches_ . however_ i.ndi cate how the use of a hydrocyclone of this type
can be enﬁr&fg#?qbrm@é@ f%@?"ﬁ'@i%ﬂ?u'ﬁrﬂf expepsiveiptercennagting dust U@rz
oriented tghi i ; ﬁg?? flabcb nnecting duct
wor k. The prr"ieg?ygér‘?é' oegmﬁﬁgﬁgﬁw{;ad rtégséc e'*ﬁgftﬁ‘{éeneceswry to
achi eve 20 tower size and reheaterspace inprovepents in the context of

singl e-1 oop, open- tower, countercurrent |inmestone wet scrubbers for [err]
reduction.  9Theddegemaenoet alhpapenalse depicts aihydeocysignecioopiwhibh |

invention &9 frIRIOY Syéguem %ﬁfri:_;?f}o%hg wek EMbDar Hito a.coarse solids stream and a

10 fine solids stream', with the fine solids__.stream being returned to the scrubber.: In
U.S. Patent No. 5,21 5672 Rogers, et al. deséri_be a process--similar to that of
Hggeménh,_ et al. in that_it_emp_loy; a hydrocyclone as a primary dewatering
device. In this case; j.aﬁGF_Sepafaﬁng. a fine soliq!S-streafn from a coarse solids
stream rich in gy_péum, water as part of a thickened fines stream is disposed of

15 ° along with at least a portion of the fines removed. Neither of these approaches,
however, indicate ho@_th:e_ use of a hydrocyclone of this type can be employed to
reduce tower he:igh_tl and _e_néble the reheater to be oriented to occupy less space
and to r_eduire less infergpnnecting duct work. -

'_The pr_ipr art dq_.e§_q;ot directly address the points necessary to achieve
20 tower size and rghe_'atgr space i_mpr_ovements_in-the--g:ontext' of single-loop, open-
tower, countercurrent limestone wet.scrubbers for SO, reduction.

(



entrai'nment separators installed upstreamof horizontal flow m st

eIinihatah§%¥£&ﬂas-liquid contact equipnent. 5 I t féﬂﬁgﬂﬁﬁﬁk obj ect

‘'of the invention to inprove the design and |ocation of entral nnent
separators in single-loop, open-tower, countercurrent |inestone wet
scrubbers to permt effective renoval of entrained liquid droplets in gases
nmovi ng vertically upward at high velocity. It is yet another object of the
i nvention to inprove the design and | ocagi on 10 of entrai nnent separators
in single-loop, open-tower, countercurrent |imestone wet scrubbers to

permt eff BDisclosure ofthé inkestids ai ned |iquid droplets in gases noving
vertically upward at high velocity and to change the direction of flow away
fromthe roof of the scrubbing tower. It is another specific object of the

v s ST B MR Bt B S oo

oressur e e rarFREnt RIS HRIRY USam t hoRUENIOW el ifinerdcn <

(especi al | gas<igtit) combactogquipment.t he entrai nnent separator, and pluggi ng or
dropl et breakthrough of the mst elimnator. 20 It is still another
specific object of the invention to enable increasing the capacity and

Cer ubbbr e by i n@ﬁégb‘ﬁif&?%ﬁle‘g%?'iﬁv%%ﬁfeﬁ DGR D8 Hesian AR lpcakBnts h
scr ubb o _ PR s
Tl ativer g o oAl ato ! e o, Gperichier Lot rentiffedtohelie =" 0

el i m nat or scrubbers ta permitefiectivesremovial of ehiraineddiquidhdrapiate in gases endvasly'ce

the size and,space requirenents qof single-loop, open-tower, countercurrent
| i nest one V\%’F‘cg@)f HB\YEF‘E”BSR‘@?%WW [err] fromeffluents and provide

| mproved process efficiencies.

it is yet another object of the invention to improve the design and location
10 of entrainment separators in single-loop, open-tower, countercurrent limestone
wet scrubbers to permit effective removal of entrained liquid droplets in gases

moving vertically upward at high velocity and to change the direction of flow away
from the roof of the scrubbing tower.

It is another specific object of the invention to enable increasing the
15 capacity and performance of single-ioop, open-tower, countercurrent fimestone
wet scrubbers by increasing the gas velocity therethrough, without encountering
large pressure drops from demisting, excessive encrustation on scrubber walls
(especially roofs), plugging of the entrainment separator, and plugging or droplet
breakthrough of the mist eliminator.

20 It is still another specific object of the invention to enable increasing the
capacity and perforrnance of single-loop, open-tower, countercurrent limestone
wet scrubbers by increasing the gas velocity therethrough, turning the gas
direction toward a final, horizontal flow mist eliminator, and establishing a
relatively uniform velocity profile for gas entering the final mist eliminator.



It is a further object of a preferred enbodi nent of the invention to

| nprove 5 t he operation of single-loop, open-tower, cou t
| i mest orYEOR#EISSEr ubbers by reduci ng the hei ght required fgﬁﬁi]g%w@g&ay

contacting zone in the tower, reducing the anmount of interconnecting duct
work required for conventional flue gas reheating, and providing an overall
i nprovenent in process efficiency. These and other objects are acconplished
by the invention which.-10 provides boif i nproved net hods and apparatus
for wet scrubbing, particularly scrubbing effluents fromthe conbustion of

sul fur-contai nipg & HYre spaEific dbjectdf tid thvention tdredite the %a@?%ﬁ%ﬁet he

I nvention provides an 1 nproved Wwet scrubbing process for redu
concent r atrequirefehts of singletibap, aperetowerp opuntercugrentilimestome wet scrubblss  of

flue gas upwardly through a ,scrubbing tower; introducin spray of

dropl ets dPr Eﬁf"ﬁ!fﬂgtﬁéx ome umtsm#ewfpvwaﬂmev Pﬁﬁééﬁgﬁﬂﬁ!ﬁﬁg cal ci um .
sulfate, calciumsulfite, and other non-reactive solids, to contact the
flue gas in a vertical scrubbing section, the slurry descending through the

tower count er cug jse8 fikrthriobjét of aprefdrdd embadimentbfithe itvertidreetitbrave @
liquid after contact; passing the flue 20 gas through a single pass

ent r aisnne rthesoperatioroof singlerioopcopamtowera countercyeenttisnasione st scoubiess ng

ti t le to the fl ffecti t d t he . - tit f
dropl ot s c¥ Feducing the heightyeaUited forthe shray GPRIACHED ZOPE IR Ham loWet | ow of t he

fl . Al : b ; } : th
quant Lty (PRGeREhBlsHiBt: of iefciifischig BUEt RoActoqufreadtt bifvedinafiGe ' 1P
of the fl ugagrsheating, and praviding am oyerall improvement irv processl efficieacyf t he (

tower. The flue gas is then passed through a well-drained, horizontal -flow
m st elim nator downstream of the 11 entrainnment separator. In'the

preferred enbodipent of sinal.e- en- . ' r | i mest one
BT OB o Bl Y36 By BRSPS by By EHGGAHien
10 provides both improved methods and apparatus for 'wet scrubbing, particularly
~ scrubbing effluents from the combustion of sulfur-containing fuels such as coal
and solid waste.

In one aspect, the invention provides an improved wet scrubbing process
for reducing the concentration of SO, in flue gases, comprising: directing a flow
15 of flue gas upwardly through-a scrubbing tower; introducing a spray of droplets of
an aqueous slurry of finely-divided calcium carbonate, calcium sulfate, caicium
sulfite, and other non-reactive solids,_ to contact'the.-ﬂue__ gas in a vertical
scrubbing section, the slurry descending through the tower countercurrently to
the flow of fiue gas and being collected as a liquid -afte_r contact; ;Sassing the flue
20 gas through a sihgle'pass entrainment separator positioned above and across
the vertical s¢rubbing section ét an angie to the flow effective to reduce the quan-
tity of droplets entrained in the gas and to also turn the direction of flow of the
flue gas. The entrainment separator is preferably effective to reduce the quantity
of droplets by at least 40% and to also turn the direction of flow of the flue gases
25  byatleast 45° from the vertical axis of the tower.. The flue gas is then passed
| through a well-drained, horizontal-flow mist eliminator downstream of the



" scrubbing section is greater than about 4.5 neters per second. Al so

pref eraklyosiizs entrai nment separator is oriented at an apgr@sssdid ve S
.to the horizontal in the scrubbing tower, within the range of from about 10
to about [err], and preferably causes a | ow pressure drop of |ess than
about 0.15 inches of water, but yet renoves at |east 40% of droplets while
consolidating a substantial portion of the remaining droplets into |arger
size fractions which can nore readily b# renoved by downstream

hori zontal -flow m st elimnator. 10 In the preferred form the

ent r ai nneentrainraeat separatdri 1 the prejéred atbodiment obsingledloagespén-teéwkt ect
droplets by inpingenent and to turn the gas in a direction nost suitable
for furth&PuptercuEentlimestopa wetissrubhers; thedulloasvelasity iméhelivedical 1 el to
one anot her_ i.n.; |, f ies. The individual blades are
ori- ent e%cg{%éﬁggﬁﬁﬁ% %i&ﬁ%f?a}tthéxFﬁﬂﬂgi'g’f?%%%gﬁaﬁgm[@rr] to about [err]
fromthe 15 vertical. Typically, the individual blades are

par al | el ogram shaped pi eces of from about 15 to about 23 centineters in

m nor di nensi oAlse préfecablyithe entrdinmentseparatel is orientedtatran angleaptative

587 e o o0 o it s i
pref er - oG0OuE R, aft Brofbfith) daBed SRV Preus Hof B KpSiFn ALBHER. BT )

about [ er idches! 6t wateP st yvie? ra@noved at [eaist 20% 6f dioplets Wfﬁlérbd?l%bli@éﬁhc? dhe
bl ades are Br ef erably washed periodically by spraying wash water directly

onto the isubstantial pestiotaf the cemeining drapletsiota largerisize:fractions whjshcean t he
i nvention provid n i nproved t scrubbing 2 rocess for, reducing the
concent r af®Y® '&Pgtﬁvéﬁﬁ]fe%"sdﬁvﬁg ?@BMQP *ﬂO{")' 'ﬁ?Pﬁm%PF-i ng heat
froma [err] flue gas by directing said gas through an 12 inlet in a
| ower section of a vertically-oriented, horizontal-shaft, rotary heat

10 ~ In the preferred form, the entrainment separator utilizes single pass sepa-

rator blades to collect droplets by impingement and to turn the gas in a direction
most suitable for further mist efimination. The individual blades are held paraliel
to one another in each of a plurality of assemblies. The individual blades are ori-
ented at an angle within the range of from about 45° to about 55° from the

15 vertical. Typically, the individual blades are parallelogram-shaped pieces of from
about 15 to about 23 centimeters in minor dimension and from about 60 to about
150 centimeters in major dimension. Also typically, the spacing between indi-
vidual blades will typically be from about 40 to about 70% of the minor dimension
of the individuai blades. A plurality of assemblies of individual blades are prefer-

20 ably oriented at an angle in the range of from about 120° to about 150° with
respect to one another to form a chevron pattern. The blades are preferably
washed periodically by spraying wash water directly onto the biades from both
the top and the bottom.

in another aspect, the invention provides an improved wet scrubbing
25 process for reducing the concentration of SO, in a flue gas, comprising: (a)
transferring heat from a SO,-containing flue gas by directing said gas through an



exchanger, the heat exchanger having a | ower section and an upper sect i on,
each W iwp gafasénl ets and outlets, and a heat exchange rotpirsioflsa

peri pheral heat exchange surface and a hori zontal axis of rotation to
permt the heat 5 exchange surface of the rotor to nove in a vertical

pl ane between the upper and | ower sections; (b) directing the flue gas to
flow upwardly through a scrubbing tower having an spray contacting zone
hei ght of less than 6 neters; (c) introticing a spray of an aqueous slurry
of finely-divided cal ciumcarbonate, calciumsulfate, calciumsulfite, and

non-r eact mwletB‘Daioimettseoﬁeamiraivérticaily&ﬂwléﬁted,]ﬂorlmﬂsm'i'él% Heaently to
t he fIOM/%%E]Iue gas to scrub the flue gas of [err] and produce a scrubbed

fl ue gas; Nangem ihe heat exahianggs having aslewer ss&tem Gﬂdcﬂn upperseacdtianpned ni st

f the f f { t f
the t ower ST oA opf et ing bkt iiLh eat sdthdltas 916 ARlna = brrigharabim 1 he
[err] fluheapextRandesafacdind afHotzontd axi|s50f rotation ﬂd%é/r?ﬁlt gl of its
aspects, the invention provides an inproved wet scrubbing apparatus for

reduchng texehange surface nﬁthe)rot@letmmoven inlaeerjeakplane between e upper andeat
h h I d t h th | et
o0t e SR Stinso 5 kb e RS o3S 1o BBm st Hirewah Astrubomgnange
f h
St ace 5 AOWRLRBUNG ¥ ghrad tohtdthing Jome! lghehriEed Warl BRABRL (B0 o, “anao°

| over sectinteoducifdh sprag bfiahiagquebassiurrooifinely-dividediaalciut earbbiate, 2 9as

outl et duct, and a vertical scrubbing Section, the spray contactlng zone

hei ght beiGHgiumsutiate:caicium ssiliteagh nopJpactive:solids tofdesseny throlighthe (

o theor ot BoliE ey 8 o8 foR i BLeACE] st i et S ey =
sulfate, GibghesTaSeribbed ﬂﬁgaﬁaavm}ae?. g%lﬁﬂh él%d%@ sﬁgagfﬁaﬁ rgr'yefwh t he

t ower count ercurrently to € gas; - nore

ent r ai nnerentrained mlstrfmralﬂué ﬂuelgast and ()i dirdoting the flowofBuenga® fonptte of the
entrained ms fromthﬁ L‘!‘ and, (e) ducts to pass a flow of
. top of the tower t roug th top of said héat exchariger to transfer heat from the

SO,-containing flue gas to the scrubbed flue gas.

15 In yet another of its aspects, the invention provides animproved wet
scrubbing apparatus for reducing the concentration of SO, in flue gases, -
' compnsnng (a) a heat exchanger having a lower section and an upper sectlon
each with gas mlets and outlets and a heat exchange rotor having a penpheral
_heat exchange s_urfa_ce. and a horizontal axis of rotation to permit the heat
20 e'xchanga:sur'fa_ce' of the rotor to move in a vertical plane between the upper and
lower 'sec_ti_on_s; (b) a scrubbing tower comprising a gas' inlet duct, a gas outlet
duct, and a vertical scrubbing section, the spray contacting zone height being
less than 6 meters highj (c) an array of spray devices positioned within said
scrubbing section cor_\ﬁgure'd to introduce a spray of an aqueous slurry of finely-
25  divided calcium carbon_ate, caicium sulfate, calcium sulfite, and non-reactive
solids to descend through the tower countercurrently to the flow of flue gas; (d) a
set of one or more entrainment separators- and/or mist eliminators to remove
almost all of the ___entr_ainad mist from the flue.gas; and (€) ducts to pass a flow of



13 [err] flue gas through the inlet at the bottomof said rotary heat
exchangerwgngssiss of the outlet at that location, and to digcqaisekiphrgb! OW Of
flue gas fromthe top of the tower through the inlet at the top of said
heat exchanger to transfer heat fromthe [err] flue gas to the scrubbed
flue gas and out 5 of the outlet at that |ocation. Brief Description of
the Drawi ngs The invention will be better understood and its advantages
will be better appreciated fromthe foll 8 ng detail ed description,
especially when read in light of the acconpanying draw ngs, wherein: 10
Figure 1 isS@,-sohtaimihg fluei gas mfowqrptr@fmret%du@beﬂoﬁ%ﬁsam rétafy ReqCess of
the invention enploying a singl open-tower, countercurrent |inmestone
wet scr ubbe®Xchangar and out Oéthﬁemstpﬁtcat tlvai Iocatwmfandrte direcct Henflewtof flepagans or

o oot "an TEorhE Yon S fls Buver tid ea?thsﬁsmmrnf%%@ﬁa%a{ xhangento ¢
i nvention; tRiKkfEl RatitSromithe 8O &%@Hur?ﬁ Hi:6 YaQ' @h&%&?ﬁﬂeﬁ%ﬁé@:ﬁ%éﬁ&m of

t he process and apparatus of t’he invertion enp oylrng a single

open-t &wer ,ofdbeoutiet at that fovatibhnest one wet scrubber and a

verti cal | y-ori ented, horizontal -shaft rotary heat 20 . exchanger. 14
I ndustrial Applicability The foll ow ng description is centered on the
preferred enbodi nent of Figure 1 which is a single-loop, open-tower,
countercurrent |inmestone wet scrub-

Brief Description of the Drawings

The invention will be better understood and its advantages will be better
appreciated from the following detailed description, especially when read in light
of the accompanying drawings, wherein:

10 Figure 1 is a schematic view of a preferred embodiment of the process of
the invention employing a single-loop, open-tower, countercurrent limestone wet
scrubber;

Figure 2 is a perspective view of the entrainment separator shown in the
spray tower of Figure 1; |

15 Figure 3 is a perspective view of an altemative embodiment of an
entrainment separator of the invention; and

Figure 4 is a schematic view of a preferred embodiment of the process
and apparatus of the invention employing a single-loop, open-tower, countercur-
rent limestone wet scrubber and a vertically-oriented, horizontal-shatft rotary heat

20 exchanger.



bi ng operation for renoving sul fur oxides, principally as SO, from

conbustw(g%s';u effluents. It will be apparent fromthe fgdpusosgr24s
descrip ﬁowever that the technology of the invention has application

to other gas-liquid operatlons and to other types of scrubbers. The
preferred process schene of Figure 1 shows an effluent, such as froma.
coal -fired industrial or utility boiler, entering wet scrubber 100 via

i nl et duct 10 20. The gas flows upwarqhy through vertical scrubbing
section 110 in the tower, countercurrent to a spray of an aqueous slurry

.~ which cont | Lpsieled |1 mestone. di scharged from a bank of spray
. nozzles 11'9“9%8‘#%"#“%1%“' ray is broken into droplets in the tower. The

bul k gas velocities according to the inven- tion are above 4.5, and
preferably from about 5 up to _about 6, neters second. These gas

velocities are B@%foll@wmgadewmjlpa is 6§Btef6§&ﬁ'-tf‘§\95¢fﬂmd embedingnt ofcr ubber s

amoant & oft HECS NER li'a 5iRBie-oF, BRBh-tBwet, iiirhdRaRell imiea@HEwetRckie©
preferred d.s AgR rap%fr a’f‘fﬂ. for %eﬁn%%? ohiéfescéﬂnéiﬁallyeﬁé smdfmm borBastish form

if desire on to st one, forms of cal cium 20 car bonat e

i ncl ude Oy@fﬂaentshdt Wwill bexappaneint &ontttiecfoﬂewlngdesdnphanbhwem thatdhe
travertine. |t can be nm ned or  nmanuf ctured nthl de Crll%%lﬂ the terns
cal ci - um teshpelegy of shejinventian bas app ca&%tq F Sﬁ‘a‘ RS ANt one

Is prefera I preferably to a wei ght rredlan particle size
of less thé}hgﬁb}cﬂ%%qfeﬁ% ‘ﬁ‘ge?gr ntroduced. 25 The sul fur oxides in the
ef fl uent are absorbed into the aqueous phase of the slurry and react with ‘

avail able calciumto formcalciumsulfite, principally, 15 which can
_then be oxi di ze‘dlhe@réferredcptbcesmsd'lﬂmapéﬁgme rshows an efiluantssuch asne

%it iﬂt n %rgr% ;%LL{ fi r%d in tﬁ)stﬁélsdr I.Rlllliy Eglleei'f I—zﬁ etrf[ra'rgI wnéatI nIrﬁ’bber 1dd* \%ta et uc%< 120 _
10 20. The gas flows upwardly through vertical sc_rubbmg-- section 110 in the tower,
- countercurrent to a spray of an aqueous slurry whidh contains finely-divided
limestone discharged from a bank of spray nozzles 112 and 112", The spray is
broken into droplets‘in the tower. The bulk g_aS velocities according to the inven-
tion are above 4.5, and preferably from about 5 up to about 6, meters per
15 second. These gas velocities are desired for single-loop, open-tower wét
limestone scrubbers .becau_Se they facilitate the treatment of flue gases with lower

relative amounts of aqueous siurry, e.g. lower L/G ratios..

" Limestone is the preferred form of calcium carbonate but can be replaced

with another form, if desired. In addition to limestone, other forms of calcium

20 carbonate include oyster éhells,-aragonite, calcite, chalk, marble, mari, and
travertine. It can be mined or manufactured. In this desdription. the terms calci-
um carbonate and limestone are used interchangeably. The limestoneis
preferably finely divided preferably to a .wéight median particle size of less than
about 8y as introduced. |

25 The sulfur oxides in the efﬂuent are absorbed into the aqueous phase of
the slurry and react with available calcium to form calcium sulfite, principally,



collects the slurry. The scrubbed effluent passes thrFugh an entrai nnment
separato the invention where a substantial por
-en?ralnegvﬁgggﬁéﬁs are renmoved and where the effl uent rom?F@ glverted in
direction. The bulk of the effluent flowis changed fromvertical to near
horizontal. This has several advantages including the reduced inpi ngenent
of slurry onto the roof 102 of the scrubbing tower. Al so, and inportantly,
it permts high effluent velocities wthgigh denmsting 10 efficiency by
- demi sting an essentially horizontal flow through vertical mst elimnator

140, The hihictean yRbe oxkfizdd td fofim\cldil &?éuzfaﬁéughop agfish Pe&#ﬁg&oﬂ,béur n

have the advantage that they better f I ze t

slurry gi vextentinthedfadlingedropieds,dautés eﬁemmamlwm rgiaiction tenie1 20 waigh f or a
gi ven tower ﬁﬁ‘ﬁ Q' scrubbed and demi sted effluent can then be

di schar ged®® %gﬁ*i MY. duct 150. At the high gas velocities desired for

I mprovenent of the FCGD process, problens of encrustation of the roof 102 of
the tower and of the m st elimnators of conventional construction would be

onbrust ot on canocrabdd efahepaees ot af emEiifeltécharai 190 g <o
gat her5 andtheinveatior whege arsuhstantlaﬁportforwfetheterﬂmmd depeetsrareaenWeal urry
o 6cipi ¢ ot PR WATE 8o RAER HoRUS SivareiiAcdifaciang, e bk o oo sfluent flow is
Chrough t horandaefofiPVertieal 16 Hed Biohontal TR S8 aldiRRS iicidding ¢ ne
Eror 5. A o e P e ol SATREOME theae! 102 2P B SErubBEPIRA | e o

such deposflse, and Hmortaaﬂx,pbpem;nghmfﬂuemmlwmmngh defmistiteg s 112 and
112°, yF aussigidfch By démidting b S entially fidHEntal flow through vertical mist

eliminator 140. The high gas velocities in the vertical scrubbing section 110 in
tum have the advantage that they better fluidize the droplets of scrubbing slurry
giving each droplet a greater contact time with the effluent for a given tower
height. The scrubbed and demisted effluent can then be discharged through

15 duct 150.

At the high gas velocities desired for improvement of the FGD process,
problems of encrustation of the roof 102 of the tower and of the mist eliminators
of conventional construction would be experienced unless measures aﬁordéd by
the invention were taken. This encrustation can occur wherever entrained slurry

20  liquid is allowed to gather and not be washed or drained off the surfaces. The
entrained slurry can quickly become supersaturated with calcium sulfate, thereby
precipitating a gypsum scale deposit which can grow to a severe encrustation.
When severe, encrustion can increase the pressure drop through the scrubber
and cause large pieces to break off and falf into the spray tower - potentially

25 damaging headers, nozzles, or support members, and potentially falling through
to the reaction tank 120, where such deposits can be transported by the recycle
pump to the headers 112 and 112", causing plugging of the spray nozzies 114.



The use of nore efficient mst elimnators in lieu of an entrai nnent )
separ at be considered an effective solution; howeyg asons
previ ougfvyrgag oF | bed, mist elimnators are largely i neffect [ ,\Fesgg{tht

vertical gas velocities of about 4.5 to about 6.0 neters per second.

W thout the invention, the 5 high velocities are not practical due to the
deposits which will occur on the roof 102. It m ght be asserted that sinply
washing the roof 120 and exposed surfacelB with fresh water m ght be
adequate to prevent encrustation w thout enploynent of the invention. _
However, while (hesusEsf inbee efficient ntisseliminatdrsén idu of aR\eitidimmeRes ot her
advant ages that .are not afforded by sinple washing of the exposed surfaces.
Use of thesenazatonmtgmm w&;derﬁdsa@ effelivesolutionsfoweyerfor tersansl y whi | e

maki ng it unnece t se fhe | pvent i.on sitions
a single pe%%wg'r@ ﬁﬁ%? FE‘[“M&% gd%&? gﬁﬁ%gﬁ%% E{ﬂ}?e 'liaoﬁ

scr ubbi ng IHc'itRé% &flagbouT'aes fk?éb&ﬁ't B0 R perseddind. hWtHéut tI'%‘FnR/ 0% the

separ at or O are effective to reduce the quantity of noisture rople s and
to al s® turhngl't velodities @re mot pradtical/dud ta the dépositsarhich will accor oretheatoofn
effective faor efficient utilization of a high eff|C|ency, hori zontal -f | ow
mist elini®.-tor. The entrainment separat-or- 130 is .illustrated in Figure 2
as oriented at an angle [err] relative to the hori zontal in scrubbi ng tower
100. This angle wll preferably-be within the range of from about 10
to about [err], igr htmsse[rﬁrdthat§hﬁoapmfsnrrr§mefr@bfm20 dndiceXgredat or 130

Is shown in Figure 2 to utili'ze single pass Separator blades 132 to coll ect
droplets bpwmeagathdmsrawatemmgm betadeqyate tmpr&vent eacrustationswithautt abl e

e Syment oh B VeREoL. HBWEVEr, Wik Sy haRs bhisss b hgr mon
132 arg ”mfﬂ\'ié?ﬂldn'}ﬁi gifer a g%ﬁ?faggmﬁﬂ ﬁges __uftﬁ?%Wsuﬂﬁl% waétiifig ofthe NoWn.

t he assenblies are conpose
~exposed surfaces. Use of the invention achieves these other advantages .

simultaneously while making it unnecessary to wash the exposed surfaces.

~ The inyen_tion positions a single pass entrainment separator 130 above
and across the vertical scrubbing section 110. The design and location of fhe
15 entrainment separator 130 are effective to reduce the quantity of moisture -
droplets and to also turn the direction.of flow of the flue gases to an orientation
effective for efficient utilization of a high _efﬁcie_ncy, hgri'_zontal-ﬂow mist elimina-
-tor. The entrainment separator 130 is illustrated _in,Fi_gi_Jre 2 as oriented at an
angle y relative to the horizontal in scrubbing tower 100.. This angle will
20  preferably be w{ith'in the range of from about 10 to.about 45°, e.g. about 20°.

The preferred form of the separator 130.i3~sthn in Figure 2 to utilize
single pass sé_parator_ blades 132 t_o-collec_tdroplets by impingement and to tum
the gas in a direction most suitable for further mist elimination and, preferably,
away from direct impingement with the upper wall 102 of the scrubbing tower.

25  The individual biades 1 32 are mounted in frames 133 to form assemblies 134,
134, efc. As shown, the asse_rhblies are 'cpmpfo_sed of many blades, but the



17 actual number of blades per assenbly will vary depending on the desired

wei ght ofw@agsssgssenbl y, that weight being such that one opcimﬁg enance
personnel can readily install or renove an assenbly as required. Typically
about three to six blades will makeup one assenbly. The assenblies are

arranged adj acently 5 to make the entire entrai nnment separator array. The
| oner edges of the frames 133 define a | ower surface 135 of the assenblies
134, etc. The individual blades 132 are ®7iented at an angle [err] with
respect to the vertical. Typically, a blade of this type will be a

r ect angul aracpiiicwimberf ofblademper assemblglwill vaRBdepeniding lop thel desifeB Weight
di nensi on and from abqut 60 to, about 150 centinmeters 1 n major dinension.

Spaci ng bet iasgebly, dhatweight being sugfiihatpng aséwprmaintenanceqeersonadlout

70% of the ig ' i | ades. +Ang] err]., will
pr ef gr abl 3 %‘QV}\%QF %I{ W@&ﬁé@‘%ﬁn ?ggﬁﬁgg’uo% f%gﬁ'iegf awgalﬁfe$l??‘ftltpwwt9 Oxact
| " . ! . \ . . X
ST eam Tho e P D o, oy Efieshate Atafijed dbiBehiich on
that 16 flasnake thecantire @ntiainment separgtor aftay. | Thie loweradgessefithbifefines
etc.,

di t f ch il ust d,_Th nbl | 134,
re prof er s Aeinecs lfer gurtacec i F fhe aSSEraigsctad. wie.n Thdndixidiel bladesor
bout 120 t ; f ' 125 t
about [orr | F Heceried ot af Hnok 8 itT epelltd A VS, Myoldl, Atide of” 1 °
structure ithistypewill bd anectangutarpiéds offronhabiolit 15 aout 23 eantiifetls fch of

the assenblies. O her arrangements of supporting structures are possible.
Wi | e showimingr disaensiguiaad feam abeut 60 fo about1 §Q centimetersdn mjondimension.wi | |

typi | . d i on, dth nbl | th [l will
nave 18 be S DA Ak Biadi wit iR B8 abort A tasautIdsh: at o
130 1t ' ' flxed
nozzl e | ancishe Bihorditichslorcor eI Bladel” Mdie SwiRbraRAaBlybe Wi .,
directly othe candeobfranicabdutods twabout 851, the @xdct Vlud dependind?eh thddes

typically done operati ng each washer header
yP Y s?red J)e{;reg of flow a%rection of the effluent stream.

The assemblies 134, efc., are constructed and oriented in a fashion that

15 facilitates excellent drainage. The individual assembilies arranged in a pattern of
chevrons as illustrated. The assemblies 134, efc., are preferably oriented at an
angle 6, typically in the range of from about 120 to about 150°, and preferably in
the range of from about 125 to about 145° ( most preferably about 140°). The
entrainment separator structure is supported by membefs 136 which run the

20 lengths of each of the assemblies. Other arrangements of supporting structures
are possible. While shown in rectangular sections in the Figure, the scrubbing
tower will typically have a round cross section, and the assemblies near the wall
wilt have to be shaped appropriately.

The structure of the entrainment separator 130 permits direct contact
25 washing of the blades by means of fixed nozzle lances 137 having spray nozzles
138 capable of spraying wash water directly on to the blades from both the top
and the bottom. Washing is typically done by operating each washer header



18 separately and sequentially with the others, however other washing

schenes e I ble. For instance, it may be nore conveni rat;a
Boastis S

two head | taneously. The wash water is of sufficient qua and is
used in sufficient quantity to reduce the |evel of saturated, dissolved
salts on the separator 5 surfaces. Typical wash rates while a header is
operating nay be about 16 to about 60 liters per m nute per square neter of
area. Washing on the top of the entrainngt separator will generally be in
this sanme range, but less frequently then on bottom It is preferred that

washing th é@@n- . k CEAREGAY Sthi kRS Yk < at
frequent cégﬁt’@?@g%ﬁﬁ/e t Eéll“f %Bﬁ?%&@rhf gﬁ‘géﬁénﬁ?:’fa‘%g@% Qﬂ%"g’@ﬁ%ﬁ 56& th

the good dpessibige Fdrf insthndebiy mayebe horewonvehienetb opéraitg tws headersissenbl i es
134, etc., the use of high quality wash water and. frequent washing affords

pract i cal | indiangousiy: cENe washwaler is ef saflisient qualiiyand igyused,in-sufiicient wat er

fonture of SbRty 9 iie e 1BF6Corarhisied afileT S At e peprmtdty: ol nrent
separ aj or gaREcEL! TYSicaPwisivFatas whlleld Réadersis perdtii MRy dB6ut 16 ttBe pri or
art because the ability to redirect the flow fromverticCal to horizontal

enabl es t habout60fiters peg minttei peraquare metevofarea. Washimgsan the toprofithe 140.
Thus, even though the entrainpent .r val .efficiency is |ower than m ght be
thought - 20 entrainiment separaor il oeherally e n taissame rarige. Put less fsauentivar at or
produces v SHEE Ak : nss Ao 5 daches of water,
reduces orﬁé%%égﬁoggf’gsulﬂ%.p{egé'i?)q/oﬁ(‘)é}.v{%]%ﬁ@q g%@%égﬁ?#a%ﬂpérr], and has
ot her advaagsemblies oceuistroafingly cthatly, at frequentcydiecio prevenbbuildiipiéenance, (
ruggedness, direction of the gas flow fromthe upper wall and roof surfaces

of "t hd0t owgypsum depasitsy diogetherwithmthesgood drainage afferded by-thegehevroow t owar d
e o e BranGReiet & Bes Bt Bk &l T UoR o Wb ol kvate
_ and frequent washing affords practically deposit-free operation. However, the
washing sequence and water may vary depe'ndin‘g on the neéds of the FGD
process.

15 It is a feature of the invention that the separation efficiency of the -
entrainment Separator'rieed not be as high as 'multipasS'-'separators employed in
the prior art because the ability to redirect the flow from vertical to horizontal

- enables the use of a high-.efﬁciency,-’horizontal-‘ﬂow mist 'elimiriator- 140. Thus,
even though the entrainment removal efficiency is ioWe_r than might be thought

20 desirable for wet scrubbing:t'owers. the entrainment separator produces very low
pressure loss, e.g. less than about 0.15 inches of Water, reduces or consolidates
up to 40% of the droplets less than 100y, and has other advahtages in terms of
cleanability, drainage, ease of maintenance, ruggedness, direction of the gas
flow from the upper wall and roof surfaces of thé tower and rélatively uniform

25 orientation of the gas ﬂ'ow't'oward a highly-efficient, horizontal-flow mist eliminator
140. The mist eliminator 140 is preferably of the bafﬂe type, e.g. a zig-zag baffle

 of the type shown in the above Jones, et al. paper. '



of the type shown in the above Jones, et al. paper. 19 An alternative

enbodi rrng?%ﬁ?ﬁkH ustrated in Figure 3, showi ng a single asperakospisd of

-vanes 33 out in diagonal fashion in a flat panel supported by a frane
333. The vanes are oriented at an angle a (e.g., fromabout 15 to about
[err], preferably about [err]) with respect to the frame and a sim |l ar
angle to 5 the vertical as in the enbodinent of Figure 2. It is inportant
to note that vane assenblies illustratedqign Figures 3 are not chevron
shaped assenblies, but rather are flat projections between support nenbers

136. Good drain t&rdatichd i<l a8tr& h ﬁ@gﬁ «duapl ets
t hrough the dra?ﬂgggégﬁﬂég‘r‘?%dg@ﬁ)ﬁphe atﬁgﬁgtpéglgﬁ?]ts e a'?%?%"?@?r]. 10

The fol | owiasgedidy BBdtaf vanes 332raidraut in diaggnat fashiedireatiatipareltsupported
illustrated in Fi gurg 4 which depicts a single-Iloop, open-tower,
count er cur ryh@ frame 3 gnghﬁe\(a@érafﬁlﬂfWQfgéF niapgls ale.defrmabostt 6o

appar ont 1 FAERHIAL" BTateBl, b AT HE kb Ao iine t4ife S bl e o
i nvent ison hélvePicall iaden Mk afbrdifehCoftigare 2ypres of 15  scrubbers. The

process schene of Figure 4 shows treatnent of an effluent follow ng
cl eaning, such as in an electrostatic precipitator or fabric filter (not

shown), to renove, entrajn solids . to a practical, extenf, The cleaned flue
Gas %' then pacdbis netiAR o ote gt yand ABSETbliss Justate nFigHire.S Agaoet
section 43 : | er
sections h}\%@gpﬁﬁ%‘? gg%ghéﬁgn%t ?éiqué?g{ﬁﬁgé}oi%ehg%&QQQﬁgBﬁgﬁgP ively
hot gas ( e.rpember® 1880 Gdod!dRinageisdatilitatéd byrgrayityactingon icaptured|drosiats
exchange rotor 438 (shown i hantom | i nes) having a peripheral heat

n
exchange sdhmmtherﬁrairmg@rpatgaﬁoma by the angle;a gpdithe angle eixi s of rotation
439 to permt the heat exchange surface of the rotor to

10 The following description is centered on a preferred embodiment as
illustrated in Figure 4 which depicts a single-loop, open-tower, countercurrent
limestone wet scrubbing operation for removing sulfur oxides, principally as SO,,
from combustion effluents. It will be apparent from the following description,
however, that aspects of the invention will provide advantages to other types of

15  scrubbers.

The process scheme of Figure 4 shows treatment of an effluent following
cleaning, such as in an electrostatic precipitator or fabric filter (not shown), to
remove entrained solids to a practical extent. The cleaned flue gas is then
passed via duct 421 to a heat exchanger 431 having a lower section 432 and an

20 upper section 433. Both the lower and the upper sections have gas iniets (434,
437) and outlets (435, 436). The relatively hot gas (e.g., from about 420 to about
175 °C) heat an internal heat exchange rotor 438 (shown in phantom lines)
having a peripheral heat exchange surface. The rotor 438 rotates about a
horizontat axis of rotation 439 to permit the heat exchange surface of the rotor to

25 move in a vertical plane between the upper and lower sections. Heat picked up
from the entering flue gas is in this manner used to reheat the scrubbed flue gas



25 nove in a vertical plane between the upper and | ower sections. Heat

pi cked %P fromthe entering flue gas is in this manner used to reheat the
scrubbe ?P’ﬂ%’s@’as 20 entering the upper section 433 th?%ﬁ’sfoﬁ?‘@t 437
and exiting through outlet 436 prior to discharge through duct 422 to a

stack (not shown). Upon exit fromoutlet 435 in the | ower section, the
[err] flue gas is sent to wet scrubbing tower 400 wherein it flows
upwardly, countercurrent to a 5 sprayp@f an aqueous slurry which contains
finely-divided |inestone discharged within a verti.cal scrubbing section 410

cont | nues tctine HeAlpBcitn St h dikh 437 b BEthy MhraibRoiies 4887 e,
flow of flprier tndischaryetiroldhi duety2h e a etddkombt SRGWAPI g - section. The

scrubbing slurry falling through the vertical scrubbing section 410 is 10
collected in reaction tank 430. The total height -of the spray contacting

411 within,th bbi J 410 is |4 than 6 nmeters. Li t '

'S the prof err PALERT kPTLaWikt A3t Joe ShRtoRa e SO EoRIBIaAuE Gamot hor
form if ; . ' her. f f lci :
car bonat ¢ ¥ ey Cgawetsctbbing AByiP 400 S BRGH BkR EpetE cBinkiubigtto 5y
and 15 tspeayeof amaquebus sturiyew hibhaxd)ntainﬁﬁnafyadivuéddiméstohéid%dﬁ%?%éd ption,
the ternms calci- umcarbonate and |inestone are used interchangeably. The
| i mest one Within auertjcalisgrukhing sectian 410 fropya banknfispray pozzirs o Feom thei ght

di an di . : ' _ lv.Jerel or. g i.th 99%
more of t REng sefSH 410 neitis EitinuBs threlR das Slrfet it 43D e twier
fine for uetorfigureds dechs flow GFfLEGEs ﬁﬁWﬂflet.ﬁugh(tﬁé%ﬁfﬁl'%%biﬁé ow of "¢
| i mestone slurry, the nore typical grind size of the prior art beirng a
wei ght nediegtionli dhetserubling slurty fallingtheougit theowsrtical sopulsbing sebtiomaniis! es

by weight less [err]. In further gontrast to the prior art, it is noted
that Phe &Oﬁ?gﬁhéaf ctiah @k f%tqtgkmghwh the spray contacting zone 411

within the scrubbing section 410 is less than 6 meters. -

Limestone is the preferred form of calcium carbonate but can-be replaced
with another forrh, if desired. In addition'to limestone, other forms of caicium
carbonate include oyster shells, arégohite."-calcite, t':halki marble, mari, and

16 travertine. It can be mined or manufactured. In this description, thé terms caici-
um carbonate and limestone are used interchangeably.

The limestone is finely divide,d,-pfefefably by grinding, to achieve a weight
median diameter of about 10, and-mos:t%preferably 8y or less with 99% or more
.of the particles by weight being less tha_n-44u. Thisis extremely fine for wet
20 - scrubbing in an open tower with.a countercurreﬁt flow of limestone slurry,'the
more typical grind size of the prior art being a weight median diameter of 15u or
less with 90% or more of the particles by weight less than44 p. 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 about 6, with
25 99.5% by weight of the particles being less than 44y. The use of a grind of this
size has several advantages, sesp:ecially when-‘lth'e slurry in the reaction tank is



"will yield particles with a weight nedian particle size of |ess than about

[err], \W695,23§52 99. 5% by wei ght of the particles being | pesrsdsioradgip. The
,use of a grind of this size has several advantages, especially when the

slurry in the reaction tank is 21 processed through a hydrocyclone to
renove gypsum and concentrate cal cium carbonate as even finer particles as
descri bed bel ow. The vertical scrubbing section 410 contains an array of
spray devices positioned within it. The2drray is configured to introduce a
spray of an aqueous 5 slurry of finely-divided cal cium carbonate, cal cium

sul fate, cpiocegsedthrbugl a ytloomloneReismeve gypslim ahdissritentratd ealedimt he

tower countercurrently to the flow of flue gas. The Figure illustrates a
bank of spfafponate-asevemfioar partisiasias desqribedbriovhr ee racks 412, 412' and
412" of nozzles. The nozzles are preferably arranged with a spaci ng between
racks of |ess 10 than about 2 neters and with the direction of flow from

dj t | ' Lng th
20,200 10 oo DS S sl 1, 1

spaci ng between the nozz , I'n use at any
time (prefpositibryed within it.aTHeiamayda configuted todnhtrodiiceyasprayof apaaudbys
t hrough the vertical scrubbing sectjon, it is pos Q nmaintalin tower

i bl
hei ght® i n $IHEY 8 fingly-diNided: algumsarboaates galcium Sfﬁ%%sim&fﬁepaeﬁ erably

the i et eraBROED shebond RShafl Fibel colER APt IS by

shown in tfige §48WTHE Fgure illdsthites o btk of $prag oRRlesavhibR i€ ERewAftot hi s type
I's described rn copending application U S, Ser. No. 08/257,160, filed by

t he i nventiockidedhegenranks AlZe 418° anéﬁﬂﬂgmebSney' s Docket No.
1930- P0004), the disclosure of which is incorporated herein by reference in
Its entirety. Reaction tank 430 is |ocated below the array of spray devices

to enable The nozzles are preferably arranged with a spacing between racks of less

10 than about 2 meters and with the direction of flow from adjacent nozzies
alternating between upward and downward. By reducing the spacing between
the nozzles, reducing the number of levels in use at any time (preferably to 2),
and increasing the rate of gas flow upwardly through the vertical scrubbing
section, it is possible to maintain tower height in the spray contacting zone to less

15  than 6 meters, preferably in the range of from about 4 to about 6 meters
(measured from the top of the inlet duct to the bottom of the inclined entrainment
separator 440, shown in the drawing as H.

A preferred arrangement of nozzles of this type is described in copending
application U.S. Ser. No. 08/257,160, filed by the inventors herein on June
20 9,1994 (attorney's Docket No. 1930-P0004), the disclosure of which is
incorporated herein by reference in its entirety.

Reaction tank 430 is located below the array of spray devices to enable
coliection of the slurry after a period of contact with the flue gas within the spray
contacting zone 411. The reaction tank 430 is of a size suitable to permit

25 reaction of the dissolved SO, with dissolved oxygen to form sulfate, the sulfate



collection of the slurry after a period of contact with the flue gas within
the spray contacting zone 411. The reaction tank 430 is of _a size suitable
to perm 03%33552 eaction of the dissol ved [err] with di SSOY%HSW@% to
formsulfate, the sulfate 22 then reacting with the dissolved cal cium
ions to formcrystals of gypsum having a wei ght nedian dianeter at |east 2,
and preferably from5 to 10, tines as large as the particles of calcium
carbonat e added as feed. By virtue of 2Re difference in particle sizes

bet ween the cal ci.um carbonate 5 and the gypsum and the neans enpl oyed
for separtenfgacting Mtbstbﬁld&‘iﬁ?."@ﬂn@@ﬂmﬂhmgotfﬂ@ caystala of gypsumchaving awi | |

canbe. | Bt indor sartfls dt sbEzs e AieRAAT RS €0 ik A4 pfas 67" ©
at t ai nabl ghel partieles ct'calbivitarsefdte 2Rided dyfeed. art. It is a further

advantage that the slurry will have a higher stoichionmetric ratio of 10 _
calciumto sulfur than prior art systens, typically being at least 1.3 and

preferably beipg -about,].4 gr greater.. The, sul.fur oxides jn the effluent
Pre abaor bed | ARt icuRerelins Ja particl 8izeb etyenh tasalcium catanste ng
sectigon 4 W g B aval ; Y| | ydr oxi de

I ons 5’?0 f%&%aﬁng%m%Q%%@lggﬁ?%ﬁ%gﬁh&t {zh%oéﬁ]%énQS

scr ubbi ngcorEntrating the zaltivrh vasboriate las willibél egtainad il detaiidsslowntHeank 430 to
. formsulfate, The alkalinity is principally derived fromthe dissolution of

cal ci um ceRlislsreanceniration of ealgium sarhenate cad bednaorgasad byahout204tocabout i n

oret or b, 50 B RS AR oreBoRHHORY sRARRBR Ay RN ARE L dekint o Bio By can

be obt ai ngd furthgr ddvantage tﬁhﬂﬂxe&@lﬁﬁhﬁlﬁh?yé 8 Hi%l?‘%lgftgitt':gmrﬁﬁriéﬁﬁfié pf 410. The

reaction occurs to sone extent in e falling t is eftected
mai Moy i ncaleism towsulfurthan ptionartsystems, dypisaliybeing atigast! 1.3 andpreferablyhe
novel andb(ieiggra \6% 11f4eg"g ngrrée'a er(?f the .i .rTVen.t i on that | t he
The sulfur ox'i_des:iﬁ the éfﬂuént are absorbed into the aqueous phase of
the slurry in VerﬁCai scrubbing _s_ectioh_4,_1_0_ and react_ wit_h_-?vailable alkalinity in
the form of hydrd__xide ions to form bi:s.ulﬁ-t__e,:_'whichz can bé_p_arﬁally_ oxidized in the
15 scrubbing sectiqn 410 ané;l_ almos_t fully.qxidizfed in.the reaction tank 430 to form
suifate. The alkalinity is principally derived from the dissolution of calcium
carbonate, which occurs'both in the scrubbing sectiq_n.410 and in the reaction
tank 430. An oxygen sparge, as conventional in the arf, is preferably employed
| to assure sufficient reaction, although some oxygen can be obtained from the
20  flue gas itself in the éc_:rubbing_ sect_ion-410.- The__reagtibh occurs to some extent
in the falling droplets, but is effected mainly in reaction tank 430 which collects
the slurry. It is one of the novel and ir_hpro,{:ed features of the invention that the
residence time in the reaction tank is redhcéd ffom the typical commercial value
of about 15 hours down to about 6 hours. The reduction of the residence time in
25 . the reaction tank has a number of "adv.a_nta”gés in 'te.r_m,s of processing ease,
equipment sizing and quality of the byproduct gypsum.



residence tine in the reaction tank is reduced fromthe typical commerci al
val ue of wahRubssd5 hours down to about 6 hours. The reduct igirgdesibsss
-residence tine in 25 the reaction tank has a nunber of advantages in
ternms of processing ease, equipnent sizing and quality of the byproduct
gypsum 23 The pH of the slurry in the reaction tank 430 is preferably
in the range of fromabout 5.0 to about § 3, nost preferably fromabout 5.8
to about 6.3. H gher pH indicates a hidher available alkalinity in the

I liquid d d- 4 naly high |t f. the |iquid
absorb [err]. e RHE SR the Fedctostank 430 preferabiy i e fahge ohat o i s
lied : iy . | Co i
par b1 cf es Tom BBSUPSU BRI B8, iist (HEKTaBY o Sbolf S R b 3. Hiher ||
enpl oyed @M ididates adfigien available alkafinityrindbe siurgy liquid anll a comrespond

cal ci um car honate, but this nornall educ the absorption of [err] in the
scr ubbi ng IRgly figher sapapity gl the liguid aé%‘é‘%eﬁé&dnd%éﬂl aptagathatnity. The

15 0 el e bk BalEl e RCARRIRY 44 d PRl A I VeeRCRAR.
| ow pH onin fife ritbpartieRs! hhigherdvailabler diKalini§ss Posbidie, WLbW gH s

ot Gr
reaction tank 430 and the array of spray devices positioned within the
vertical $ypically employediamsystemsiof paios gridp increase the pateyofreactionafis

conprising at |east one punp.422 and associ gted congdui t 4 for wthdraw ng
slurry fr%ﬁq%qa&% ng‘t'{iﬁﬁ 'A%'H‘aﬂgfdeam% absarptiop of ég)x'ﬁ'éi‘ﬁrray of
spray devi h S . e e

ef fl uent :séﬁgb&@ﬁ %W‘ié} Eelegée‘(ljjb opﬁgn%f&r%*?ﬁg drégglfdeﬂtig aé@“ﬁf’%u :‘I'yg%ﬂall and

di venped ipartitie eizel sffersindreased gvsildbiaalialinity evenat lowerth@nausireigyH i st

el imnator 450. The bulk of the effluent flowis changed fromvertical to

near hori thenehy offsaiingtomiasge extend dhe inpactafiowdl ondhe sprubhbing di schar ged

to the capacity of the sturry.

Associated with the reaction tank 430 and the array of spray devices
positioned within the vertical scrubbing section 410, is a spray slurry supply
16 means comprising at least one pump 422 and associated conduit 424 for
withdrawing slurry from the reaction tank 430 and delivering slurry to the array of
spray devices positioned within the scrubbing section.

The scrubbed effiuent is substantially freed of entrained droplets of liquid
20 and diverted in direction of flow by entrainment separator 440 and then mist
eliminator 450. The bulk of the effluent flow is changed from vertical to near
horizontal. The scrubbed and demisted effluent can then be discharged to the |
heat exchanger 431 by passage via duct 460 to upper iniet 437.

The scrubbers of the invention will preferably comprise a single pass
25 entrainment separator 440 effective to reduce the quantity of moisture droplets
and to also turn the direction of flow of the flue gases to an orientation effective



heat exchanger 431 by passage via duct 460 to upper inlet 437. The
ScrUbbeﬁé%fsflsgé%e invention will preferably conprise a sig@udanssd

entrain arator 440 effective to reduce the quantity of noisture
droplets and to also turn the direction of flow of the flue gases to an
orientation effective 24 for efficient utilization of a horizontal flow
m st elimnator. Entrainnent separatorsg,of this type are described above.
The air in line 470 facilitates suppl y?ﬁg oxygen for the oxidation of

calciumsulfite to calciumsulfate. The tank.is preferahbly stirred. b
convent | JREEMaRNtiZation,pka horzoftal fow st pumEater, EMEARINGR: SePAELORS at cd
with the t4l _ ' ydrocycl one 480 which is enployed to
renove a %@ﬁﬁ%ﬁg(ﬁr@%gé@?%# ?96‘{% reaction tank 430 for the purposes of
concentrating fine particles of .cal ciumcarbonate for-recycle as well as

for di schargi n_? gypsum The hydrocycl one 480 separates the slurry fromthe
10  reacti on Theiairindine#470Jagitates supplyingsoxygepifor thesexidation of calciym of

ar gor | pes i Rafum e, TneRank ¥ BB, GriEH & hitveichB a1, qoun
fromg he wggcﬁcér@ Ot fidshaved i '-F)ig?fé?m recycl e stream 482. This is shown

here as di arge conduit 485. Préferably, the stoichiometric ratio of
calciumto sulfur in recycle stream1 5 :-484.-wil:l: be in the range of from

about 1.2 to about 2.0, nost preferabl omabqut. 1,3t bout 1.4. The
concent r ati on Hesaeciated withthe;teagtion ﬂ%é%&ﬁ!vaf%qvpm @@&W?‘E'itrb'ﬁcal ly be
in the rapg fQ Fle , 0 M N from
oL, BB e GHBERRH pproh QR s in BCHSh e S0t B4l [ O
the || mespgdndentralin frslatticied 8F calcium ¢drborerte for recyclora welkagtor  not ed
stoichionetric ratio and the available alkalinity, also decreases the
sol i ds. codiseharging gyesunuThe hydrocyclone 480 separates the slurry from the
10 reaction tank into a recycle stream 482 rich in small particles of calcium
carbonate and another 484 containing a majority of relatively larger particles of
calcium sulfate. It is preferred to provide a blow.down from the recycle overflow,

namely from recycle stream 482. This is shown here as discharge conduit 485.

Preferably, the stoichiometric rati6 of calcium to sulfur in recycle stream
15 484 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 concentration of suspénded solids in the recycle
stream will typically be in the range of from about 1 to éb0ut-10%, by weight,
most typically from about 2 to about 6%. Separation of the majority of the -
calcium sulfate-from the limestone by hydrocyclone:482, in: addition to raising the
20 noted stoichiometric ratio-.-and.the available alkalinity, also decreases the solids
content of the slurry. .. - '

The above description is for the purpose of teaching the person of.
ordin'ary skill in the art hdv_v to practice the invention, and it is not intended to
detail all of _th.ose obvious ;.mpdiﬁ_c_ations-._and variations of it-which will beoofri_e:

25 apparent to the skil_led--__v__v_ork_er_:upbn reading the description. Itis intended,



The above description is for the purpose of teaching the person of ordinary
skill invéesssskr how to practice the invention, and it is potrusps/enssed to
detail all of those obvious nodifications and variations of it which wll
beconme 25 apparent to the skilled worker upon reading the description. It
is intended, 25 however, that all such obvious nodifications and
variations be included within the scopeggf the invention which is defined
by the follow ng clains: The claims are meant to cover the clained el enents

and ot ens héwanr, MatUNIT Ubvisus ABIARERNE bR VariaRbhE B ELtEd Wiffn W

obj ectives there’inten unl'ess the con specl
contrary. scop%oﬂtheﬁnv&ﬁﬂvmwh@h\&eﬁeﬂnw bbithg fcﬂrowm eldims. rﬁﬂy@tams afe
concentration of [err] in flue gas conprising: (a) directing a flow of

flue gafs émantitq/c@\;erdbg claimed ents armhetepssn any arranqememtmrrsnmangg a
ol of um s VRN SR diest e, Shihfves er Fipied isss il fordSlE " ont act

the flsue Ogsedifical Yﬁdl&é@%&hé%ﬁﬁjﬁwg section, the slurry descendl ng through
t he tower countergurrent to the fl ow of flue gas and being collected as a

liquid after contact; and 10 (c) passing the flue gas through a
singl e pass entrai nrrent separator positioned above and across the verti cal
scrubbing section at an angle to the flow effective to reduce or
consolidate a substantial quantity of droplets entrained in the gas and to
also turn the direction of flow of the flue gas fromthe vertical.



2. A process according to claim1 wherein the entrai nnent separator is -

ef fecti ¥god933skp reduce the quantity of droplets by at Ief&mfg%ﬁ&d to
turn the direction of flow of the flue gases by at |east. Jerr romthe
vertical axis of the tower. 3. A process according to claim1 wherein the
flue gas is passed through a well- drained, horizontal flow m st elimnator
downstream of the entrainnent separato 4. A process according to claiml

wherein the vertical b el oci tyrzps greater 20 tham—about—4. 5

neters per s§eond o B _ ENS according to clai inthe
entrai nment glepd aL.QbyABEDr i ENtRd at an angle r;elml, Emﬁ :hﬁ"l,ijiont al in
the scrubbi ng'. {owet ——wthFA=the rangg) Kjmg om abou Werr].

27 6. A process according to claim1 ereln the entrai nment separator
causes a pressure drop of less than about® 0.15 inches of water, and renoves
or consolidates at |east 40% of droplets smaller than about [err] Sauter
mean di ankt & improved wetseaihbing pracess fergedycingtheconaeptration ofi80, in

entrai nnme e§ % : i. Jzes single pass separator blades to collect

dropl ets g\s/ ﬁg ?@%’?‘ﬂg fid to turn the gas in a'direction nost suitable

for further m?é)@l‘éCﬂhQ%tﬂWofﬂlﬁ@ghﬁ%Wﬁﬂlgghwn?#‘%s bBfh parallel to
seimblies. 8.

one another in each of "a plurality of as process according to
cl ai A 1 wher ei (b)tintroduting.arspseay ot dioplets of anragueders shirry ofifinelydtivided
si ngl e- passI vi du bl ades nounted to form

epar at or . bl ades, j d 1 ndi,
assenbl i €€ @nﬁcg%qg\aﬁ, "imaﬁsu?#ﬁg%ld'égé'%es pefnd gthar non-teagtive nerts n t he

bet neen i rontacte it adh B borticfl Scrub iR dsfol Shblsidy aBBtendifaoL; 700k of
the mi.northioughn thedtowdr cotntdrogkrenttiutdl the! fitesf fild gas Sndbeing e8fisctad &' di ng

to claim1l wherein the entrai nment separator conprises
a liquid after contact; and

', e ——Y

10 ~ () passing the flue gas through a single pass entrainment separator
positioned above and across the vertical scrubbing section at an angie to the
flow effective to reduce or consolidate a substantial quantity of droplets en-
trained in the gas and to also turn the direction of flow of the fiue gas.

2. A process according to claim 1 wherein the entrainment sebarator is effective
15 to reduce the quantity of droplets by at least 40% and to turn the direction of flow
of the flue gases by at least 45° from the vertical axis of the tower.

3. A process according to claim 1 wherein the flue gas is passed through a well-
 drained, horizontal flow mist eliminator downstream of the entrainment separator.

4. A process according to claim 1 wherein the v_ertical bulk gas velocity is great-
20 er than about 4.5 meters per second.

5. A process according to claim 1 wherein the entrainment separator is oriented
at an angle relative to the horizontal in the scrubbing tower, within the range of
from about 10 to about 45°.
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a plurality of assenblies of individual blades, said assenblies being

ori ent edyyfosARssangdl e in the range of from about 120 to abopgrhgisioha4él t h
.respect to one anoth eby said assenblies ferm-a. chevron pattern. 10.
A process according t he bl ades _are washed periodically

. $ 8L  WIETET
tzge bg%/t zﬁqraglllngAWS at §fep Wclll 1Y t°r2?5sblzwﬂlmﬂmﬂﬂﬂlﬂﬂ§af op and

scrubbi ng section and positioned above and across sald 5crubli ng section, a

singl e pa | i tl. L0 a manner effective to
Ceduce ng (R R BB Ra el F Wit i erelyieN peratr srisena
directi on gaésdurewrsp of Rssithill dbdued. 15nafles of Watdll kAR raiodBs @ff ecti ve for
efficient ‘utilization of a well-drained horizontal-flow m st elimnator.
12. An apgansolidates ablesish §0%wot dropiets smdller than abeutc100aSaotertmeamar ator i s
effective fo reduce the quantity of noisture droplets by at |east 40% and
to a turnSRME.Tdirection of flow of the flue gases by at least [err] from
the vertical axis of the tower. 13. An apparatus according to claim11l
wherein the apparatus is a single-loop, open-tower, countercurrent

| i mes§one 7\eiA proces$ asgording:to claitn dainsrefrethecéntraiffient Bepaidter (et
separator and a vertically-oriented mst elimnator, said 10 ent r ai nnent
separ at or sihgie pass separater bigdes te cellect siroplets by impingenient and tartupi thes by at

| east 40% and to,also turn the.direction of flow qQf the flue s by at
| east [ er ORSHP &#'ﬁé'o&'épﬁ "agfq éorgynigﬂmsgﬁhmmaﬁgn,ﬂpp mﬁ%ﬁﬂ%ﬁga%%or di ng
to claim -#:ﬁg' | Y’ ggpﬁ,éﬁj@% ' ' at an angle
Wi t hin the%b#n geaﬁd}?ﬂg%oaboué;ﬂd} to a outﬁ{ g{uﬁwygtsls%bﬁgs't he 15
hori zontal in the scrubbing tower. 15. An apparatus according to claim11l
wherein the entrai nnent separator . o .

8. A process according to claim 1 wherein the individual blades are oriented at

10 an angle within the range of from about 35 to about 55° from the vertical, and the

spacing between individual blades will typically be from about 40 to about 70% of
the minor dimension of the individual blades.

9. A process according to claim 1 wherein the entrainment separator comprises
a plurality of assemblies of individual blades oriented at an angle in the range of

15 from about 120 to about 150° with respect to one another to form a chevron
pattern.

10. A process according to claim 1 wherein the blades are washed periodically
by spraying wash water directly onto the blades from both the top and the
bottom.

20 11. A gas-liquid contact apparatus comprising a vertical scrubbing section and
positioned above and acrbss said scrubbing section, a single pass entrainment
separator positioned in a manner effective to reduce the quantity of droplets
entrained in the gas and to tum the direction of fiow of the flue gases to an

i



for furthefr™ms
© one ‘another in each of a 20 plurality of assenblies and said individual

conprises a plurality of single pass separator blades effective to collect

dropl et ngement and to turn the gas in a di rectlopcﬁ,gg,ogwst abl e
a¥s ,53§§% elimnation, said indivi dua-l—bLardes_tLQL_mi parallel to

o eaens s comr S IR " s

bl ades bein I E
range of frqml EiSo¥E g‘-_
15 wherein id i PG es are ct- angul ar. p| &cel of from about 15

to about 23 centi er.s n from bout 60 to about 150
cent i net ePESNIAUAR; Wmﬁ%ﬂe“t “'“"ZQ '9’70 ﬂr\" beingd, harizoptaliflew mistcl ai m

" 16 wher ei g{ﬁ%ﬁng bet ween i ndividual blades will typically be from about

40 to abou of the m nor dinmension of the individual blades. 18. An
apparatus according to ‘cl-aim 17 wherein the entrai nment separator 5

conprises a plurality of assenblies of indi vidual blades. 19. An appar at us
accor di ng120 An apparatusacgasdingttaclains thwhesgindhe ientrainrient sepa:atm; isir e

pr ef bl t ed at t h fr 120 b t
err] wi« FipERttergos fie gt moiRtre ARRIR A A Toaet 40% ablo a Bam-
appargt us )

oo g ' 1R e clohéu ok bA#TE fie ybsedby i leg8t 30t F’Wﬂﬁ‘% votligd %‘Fé‘ﬁ o
both the towerand the bottom  21. A process for reduci ng the concentration

of [err] in a flue gas by wet scrubbing, conprising: 15 (a)
transferring heat froma [err] flue gas, which has been:cleaned of

ot 8, e 13 Sopdban L ASSTAPB S P T B o BB oh B a5t cL "
g>r<] g hanger opanitoWer doRnBsrcaReht limestdfe Wet\$RASLIAG W 'an® 86mpiises agas i nl et S‘
least an entrainment. separator and a verttcally-onented mist eliminator, said -
10 entrainment separator being effective to reduce the quantity of moisture droplets
by at least 40% and to also turn the direction of flow of the flue gases by at least

30° from the vertical axis of the tower. -

14. An apparatus according to claim 11 wherein the entrainment separator is ori-
ented at an angle within the range_of from about 10.to about 45° relative to the
15 . horizontal in the scrubbing tower.

15. An appéiatus according to claim 11 wherein the entrainment separator
comprises a plurality of single pass separator blades? effective to collect droplets
by impingement and to tumn the gas in a direction most suitable for further mist
elimination, said individual blades being held parallel to one another in each of a

20 plurality of assemblies and said individual blades being oriented at an angle with
regard to the vertical within the range of from about 35 to about 55°.

16.. An apparatus according to claim 15 wherein said individual blades are rect-
angular pieces of from about 15 to about 23 centimeters in minor dimension and
from about 60 to about 150 centimeters in major dimension.
A —.
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outlefs, and a heat exchange rotor having a peripheral heat exchange
surfacevge9§ ﬁgﬁi a hpri zontal axis of rotation to permt bpenisgayagecchange
surface 0 e rotpr=4tQ _nove In a vertical plane between the upper and

| ower sections; ( IS §C n e flue gas to flow upwardly through a

si ngl e-1 oop, counjfercurgg BeREscTubbi ng u ' r ubbi ng zone
hei ght of | ess than 4 D5 ,9/ g(c)tmﬂlw Emngmmnr ay of an
aqueous slurry of cal cikum car - (xﬂcﬂunfsuFfate,"céIcPunrsquite, and

non-reacti,ye solids to descend through the tower counter currently to the
ow or 1 e ATRaPBEralis AECHRBG PHATEGWhe R Fpasing Hedyess Mdviguak

i 76 | oss P|dEs W oty 68 dbOd fERALBOSIIA e iR A feislth Bfre.
wher ei n cindniidlisl bladéeg! ci um sul fate are permtted to grow until the weight

medi an di aneter of the calcium5 sulfate crystals is at least 2 tines
that of the cal cium carbonate added as feed before separating cal cium

| f ai I d,di ' back . bbi ,
and et nt dEn it SpREanis BEcamiOuR iRy T ureie e S nrRakt SeRaTRIPTL he r ange
of from abaitiorised of Suplilyof fesbmeied diaidichrbiaigst e 1 ow of flue gas from

the top of the tower ough the top of 10 sai d heat exchanger to
transfer heat fromthe [err] flue gas to the scrubbed flue gas. 22. A

process acgor ding to claim2l wherei nhéh medi ﬁn particle size of the
finel y- di VPdd\ aaparatis aceqsding:te ciaim dhe aissemblies f individuabp. 23. A

OSSR S Ry B s oA

accor di ngabsur SOTWRh reBFEAItS ohbidathérto foirid ehsurbn pattehe T eact i on

10 20. An apparatus according to claim 11 which further includes spray means for
washing the biades by spraying wash water directly on to the blades from both
the top and the bottom.

21. A process for reducing the concentration of SO, in a flue gas by wet
scrubbing, comprising:

15 (a) transferring heat from a SO,-containing flue gas by directing said gas
through an inlet in a lower section of a vertically-oriented, horizontal-shaft rotary
heat exchanger, the heat exchanger having a lower section and an upper
section, each with gas inlets and outlets, and a heat exchange rotor having a
peripheral heat exchange surface and a horizontal axis of rotation to permit the

20 heat exchange surface of the rotor to move in a vertical plane between the upper
and lower sections,

(b) directing the flue gas to flow upwardly through a scrubbing tower
having a scrubbing zone height of less than 6 meters;
(c) introducing a spray of an aqueous slurry of finely-divided calcium
25 carbonate, calcium sulfate, calcium sulfite, and non-reactive solids to descend

-
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tank is passed through a hydrocyclone to provide a recycle streamrich jn
smal | of cal cium carbonate which is fed back to | on tank
‘and a sﬁpgéﬁ%ﬁﬁﬁh'in relatively | arger part|cLes—oi_QQLELgﬁﬁéﬁﬁ%% “whi ch, N

I s di scharged. 20 25. A process. according to claim24 wherern the nol ar

“ratio of calci Sim LThel|lrecycl e strejmrmﬂﬂ n about 1.3,
- j ' theflnely mm' i’rbonatels

the wei ght nediamHa 5
| ess than about\ [err]Rf>E‘H1eA ; gbdi amGi ze” of thé clal i um car bonat e
__-:———"'-—-—___-

partlcles in th on 'tank is within the range of from about 2 to about
[err], an mulhibe&qweec@nrﬁem@a&ymmﬁﬂ@waf&yeaasmmmsﬂueaas af6. A

wet scrub concentration of [err] in flue
gases, %)c&@&ﬂg%ﬁééﬁg?@ﬁb@gﬁ@é%gﬁ&nger having a | ower section and an
upper sectlon (@pdifectingthedow of fieg Qé‘ﬁ'oﬁ'PiHeele ofi%ﬁétauéﬁmroﬁ%whfé‘ﬂ@ rotor
havi ng a perlphera heat” exchange surface and hori1 zont al tation
to pernt of saidrheat mhaaggetoﬁmnsier&eat ftom theﬁ@x-cmtammg flue gas¢o the al

pl ane betmee er and_lomer 5 sections; (b) a scrubbing tower
conpr?si n§¢ bﬂé& S.duct} a gas outlet duct, and a vertical scrubbing
section, the spray contacting section height: fromthe top of the inlet duct
to the botton1of t he entrai nnent separator being | ess than 6 meters high;

10 22¢)A processaaccofding toslaitn\d fowhersis the medianpaticie sizé of #ig ubbi ng
section configured to introduce a spray of an aqueous slurry of

fi nel y- di finglydividedi calsiuay earhanate asintroduced is less tharpbout8ibul fite, and

non-reactive solids to descend through the tower countercurrently to the
flow of flue gas and (d) ducts to pass-a flow of Terr] flue gas through ‘

the inlet 2at ARpockss, aéé%?dlﬁg‘t?’glaﬁﬁ 2 WRERIN thE Alolarratia ol eaichit 16 dirgé the

outlet at that |ocation
in the recycle stream is greater than about 1.3.

10 24. A process according to claim 21 wherein s'lun-y:f is withdrawn from the
reaction tank is passed through a hydrocyclone to provide a recycle stream rich
in small particles of calcium carbonate which is fed back to the reaction tank and
a stream rich in relatlvely larger partlcles of calcium sulfate which is discharged.

25. A process according to claim 24 wherein the molar ratio of calcium to sulfur
15 in the recycle'stre,am_ is greater than about 1.3, the -weight"media’n particle size of
the finely-divided _,c_alcium' carbonate is less than.about 8y, the weight median
size of the calcium carbonate particles in the reaction tank is within the range of
from about 2 to a_bcut 6y, and the spray is discharged from nozzles at two levels.

26. A wet scrubbing apparatus for reducing the concentration of SO, in flue
20  gases, comprising:
~ (a) a heat exchanger having a lower section and an-upper section, each
with gas inlets and outlets, and a heat exchange rotor having a peripheral heat
exchange surface and a horizontal axis of rotation to permit the heat exchange
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direct the flow of flue gas fromthe top of the tower through the inlet at
the top of said heat exchanger to transfer heat fromthe [err] flue gas to
~the scru gas and out of the outlet at that |ocatiBrl/US95/07248

T,

surface of the rotor to move in a vertical plane between the upper and lower
sections;

(b) a scrubbing tower comprising a gas inlet duct, a gas outlet duct, and a
vertical scrubbing section, the spray contacting section height from the top of the

5 inlet duct to the bottom of the entrainment separator being less than 6 meters
high;

(c) an array of spray devices positioned within said scrubbing section
configured to introduce a spray of an aqueous slurry of finely-divided caicium
carbonate, caicium suifate, caicium sulfite, and non-reactive solids to descend

10 through the tower countercurrently to the flow of flue gas; and

(d) ducts to pass a flow of SO,-containing fiue gas through the inlet at the
bottom of said rotary heat exchanger and out of the outlet at that location, and to
direct the flow of flue gas from the top of the tower through the iniet at the top of
said heat exchanger to transfer heat from the SOy-containing flue gas to the

15 scrubbed flue gas and out of the outiet at that location.
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