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METHOD OF TREATI NG A GAS STREAM The present invention

relates to a nethod of, and apparatus for, treating a
w@a®smsraoeam Chem cal vapour deposition (CVD) PGI/GB2@7/050726

to deposit thin filnms or layers on the surface of a

substrate or wafer |ocated-iln a deposition chanber.

Thi s process operates by supplying one or nore

reacti ve gases to the chanber, often using a carrier

gas, to theMEPHOBROF $RiEAf|NG?AJGKS STREAM ons t hat

encourage chemcal reactrons to take place at the

surface. For exanple, TEOCS and one of oxygen and ozone

The gRRSeBE rAREph els L8 GRS dr.5ho SPRARRLs 8 ofding 2 oo
streagfld sil ane and ammoni a may be supplied for the
formation of a silicon nitride |layer. Polycrystalline
silicon, or polysilicon, is deposited on the substrate
Cherfea] VSpdEQORRII4) BEVE) i€ hhaATo BegBefl BATR ISV on the
surfaperdfaer Qmmraietdrweafet tdvated of a e?@smfn éHeembenoFhisqstocess

| ayers, for exanple during the mat i on of el ectrodes
oper@ﬁ@g hyhsuRRIINgONAar AILe rﬁe?@@{%%s%‘-f tothecsharphan aftsn using a

carm%jre ,qa ;EE% S%ﬂgggﬁﬂags; §%’d_ﬁ@é' EQE%I’ Hggﬁi@pﬁ% ﬁ@étwdrgéé efemical

reactidrnisiouighe plaes asthd sirfacet Ebaekarrﬂpiml'ltﬁ@Sfémd)ohe@f oxygen and
F6 ydr of | or ocarb ase h as. CHF3, .
°Z°“€ZPF$%§nﬂJRB(1|?ﬁ2*° p@§§l@§‘ nf%rﬁ ?Qf%'qrbf"?%ﬂhcon

[ ke

oxidg RyBE R NG Subshale e siin a@“e%‘“afﬂﬁf'%m cﬁ sl tor the
formal)iomobhcmlmoe\smtrtdd ayer.. PalygoystaHlingesileoom, loy palysilicon, is

cgnve to th er, wth the etchin as ,
depogfigdiaing subsats ByiThg dptomhsistarobR a8 chfpgositane by
heatconducted in the etch chanber. During such an etch

process, there is typically a residual anount of the

gas supplied to the etch chanber contained in the

Gases Qraeugltso %Spp 6810 afnre nhtcrﬁ%megé:rqo perform selective etching of areas

of the deposited layers, for example during the formation of electrodes and the
source and drain regions of a semiconductor device. Etching gases can include
the perfluorinated (PFC) gases such as CF4, CoFg, CsFs, and C4Fg, although other
suitable etchants include fluorine, NF3, SFg and hydrofiuorocarbon gases, such as
CHF3, CoHFs and CHoF2. Such gases are commonly used to form an opening in a
region of a nitride or oxide layer formed over a polysilicon layer and which is
exposed by a photoresist layer. Argon is generally also conveyed to the chamber
with the etching gas to provide a facilitating gas for the process being conducted in
the etch chamber.

During such an etch process, there is typically a residual amount of the gas
supplied to the etch chamber contained in the exhaust gas drawn from the etch
chamber by a vacuum pump, together with by-products from the etching process,
such as SiF4 and COF,, and inert gases such as Ar. Additional nitrogen is often
added to the exhaust gas as a purge gas for the vacuum pump.
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chanber by a vacuum punp, together w th by-products
fromthe etching process, such as SiF4 and COF2, and

WO 072986 es such as Ar. Additional nitrogen iBCHGEB2W7/050726
added to the exhaust gas as a purge gas for the vacuum
punp. The perfluorinated gases. nenti oned above are
gr eenhouse gases, and so before the exhaust gas is
vented to the atnosphere, an abatenent device such as
a thermal processing unit (TPU) or plasma abat enent
device is provided to convert the PFC gases into

The pafiRbrinateddbgsdy Hertionetdbdivetre FBEnhOuSOBUEES, amd 4o before
into Siqg 2. The ggas streamis subsequently conveyed to

the eashgusumﬁ isgvernied to the aéinasphere-gn abalpmesit deyigensual as a

therr SR o 8B, R LB hA T et SRS B p conver
the PHT gasas tntorwatepeohitsé hlgyer jeh tvorics qw@ﬁcowgmeiﬁto SiO..
appar atus_ for subseguentl treating the acidic HF

The ga$ giream isciuhis@auently, €oB¥eYRbINg seribbingnwitwheseinttheHF is
dlssc#l\%& W%/?}Yeerdsqu)h?[} BGhd scgqm%f@ luHﬂ' t, preferably in the

an e rochem C for removi ng HF from
the acidic solution. The acid renoval unit returns

water to the scrubbing unit q&nd di scharges the HF
Our go-penaing Vaxrateni-applicationR00a{P 101392 Ale therggnicats of Which are

incorpbPSRa! Elnytz%@@}ﬁcéj%e%nﬁgé %\pgm’eﬁ@%t@r S dse&uleg y freating

reC|p ¢h ma npact e

the dcidit F solstion $oimeld pmthe scﬂwbafsg usitic ThesHBisOlution is conveyed
part.icul at ntrained within the gas stream
to a”e’f’ﬁ'@r' Pﬂt?vtaﬁéngcﬁ” S/ Wn‘ﬁ“?afﬁf@ qf %@P@F’P@Be‘?‘dﬁ%' ﬁ@h’ for
t f
remd%?f—lgroﬁlé@iu %t%cg&elég;}:ﬁe%n%ﬁé 2 O%H\V%l umﬁ‘?agﬁrpr% rrv]véfé‘? to the
scrulpbing ml’saold\dasmhargbe the - inpacsnogniratedudh sofietion. This solution

B S0l el b TS RS IEIERS, S may
be c&hg&gfgd Ah@ SifieB 35t fUrtHeRe. from bui l ding up inside the

el ectrocheni cal cell and/or the scrubbing unit, one or
nore filter cartri dges or simlar devices are provided

o BEYRFRIbLIE I S55 hebByataRuPel BrS BaBaELE i RGRe oas
stredtfightering the scrubbing unit are transferred to the water passing through the
scrubbing unit. Some of the SiO, particulates, for example around 30 to 60 ppm,
will dissolve in the water passing through the scrubbing unit, whilst the remainder
will remain as solid particulates within the water. In order to prevent these
particulates from building up inside the electrochemical cell and/or the scrubbing
unit, one or more filter cartridges or similar devices are provided upstream from
the cell to remove these particulates from the HF solution discharged from the

scrubbing unit.

Depending on the processes being conducted within the process chamber, the
amount of solid particulates entrained within the gas stream may vary, typically
between 70 and 200 ppm. We have found that when the amount of solid

particulates is relatively high, the filter cartridges can become rapidly filled. For

example, four filter cartridges each having a capacity of around 4 to 5 kg can
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Dependi ng on the processes being conducted within the

process chanber, the anount of solid particul ates
Weposa72eed within the gas stream may vary, typPCHIGB007/050726

between 70 and 200 ppm W have found that when the

amount of solid particulateggis relatively high, the

filter cartridges can becone rapidly filled. For

exanple, four filter cartridges each having a capacity

vecofe g Wlefh ks 088 PRBETHER, e o8¢ sRA hrirS 49 Bom o
SiO, pRirticAkted, eAs S cbbleoft‘c@gladm% each @ghﬁggsfw Bufrehtly ad@end

i's currently around US$200, this can add si nificantl¥
US$2Q0,tthis ey addfsigiifieardh to the aasé of pwaenship Cég*p@ﬁrgau@en
a ag@spresent i nvention provides a nethod of treating a

PP 3 Stream containing an acid and solid particul ates,

the net hod conprising the steps of circulating an

aqueous scrubbing |iquor through an essentially closed
The pesient siantionryoxidesd B‘%@%@éﬂe%ﬂﬂ 3 GRS FEeRTY ¢RNtakENg an
acid Bl il sirubrtdics, MG metiB RO thef BRpbrifolidihcan
aquesuigEgrubingHigugathmugban essdritally closdd lopworhprising an acid

nmoni toring the acidity of the |iquor to be supplie

d
remqviaé Uait fapduginghthe acidily ebie w&ﬁaumwr}ge@h'@@%ﬁ R?r"t'gn of the

. L . - : . od
cirouldteRU ¥ et SPk I LpfRRRnG e TRs SfedRR0 1
scrulbblmingamét) maritdring thesacidityeahtha liduar te dedsugdplieelasttha scrubbing
. portion of the ciycul ati liquor. Th resent

unit,BRgesatising 45 fdeliaB o eachify csine ilor Agpangag upon the
monRorefPaRiaR IS L ohtrgl B s%ﬁhtﬂlil?lﬁ thE\sofld R SHErR dF the Qgﬁ@ stream

nmet hod conprising the steps of circulating an aquedus
withis saicbbt legst aquastion lof they biremlatisgdiquoal | y cl osed | oop

conprising an el ectrochem cal unit for reducing the

acidity of the liquor, diverting a proportion of the

The ptdseit #vetion! £188bréVias faﬁﬁ@lﬁd@oﬁt’r@&ﬂ%ﬂb@%\% dtfedin T@hitaining

scrubbing unit, supplying the gas stredamto the _
an agidrarshsolid pafticutates dihesoktitadoeornrising theatepsdf tireulating an
returni erte Iiguor t he cciﬁ)sed | 0

aqu Bing R Y thaly el QP
USRS RSPPRIe Ios Mitguap a5t eesrntally SlPsad IR sajiBrsige ap

electr@sHdrhiRal vhit %ﬂ“réd“u%jr@ PReskibRP Bf K fNEveHind'd PgrbBortion of
reduction of the acidity of )

the circulating liquor away from the closed loop to a gas scrubbing unit, supplying

the gas stream to the scrubbing unit for dissolution in the diverted liquor, returning

the diverted liquor to the closed loop, monitoring the acidity of the circulating liquor

at a location within the closed loop, and controlling the reduction of the acidity of

the liquor depending upon the monitored acidity to control the solubility of the solid

component of the gas stream within the diverted liquor.

By controlling the acidity of the scrubbing liquor entering the scrubbing unit, and
especially the acidity resulting from the acid contained in the gas stream, the
solubility of solid particulates within the scrubbing liquor may be significantly
increased. The greater the acidity, the more soluble the particulates may be in the
scrubbing liquor. For example, silicide particulates, such as SiO; particulates,
within a gas stream containing HF may be dissolved in a hydrofluoric acid solution
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the |iquor depending upon the nonitored acidity to
control the solubility of the solid conponent of the
w@a®s®raoeam wi t hin the diverted |iquor. By cone€DGBRING/050726
the acidity of the scrubbing Iiquor entering the
scrubbing unit, and especialdqy the acidity resulting
fromthe acid contained in the gas stream the
sol ubility of solid particulates wthin the scrubbing
- I - i ncr
to fo gkgjﬂ{or@%ﬁ%% n;‘l; @gsol @%lﬁ&%iﬁ d&% t? I§§§?eq ﬁél%?ﬁ&ed f6m the

scrubdbing ﬁqudh k| g w:WmelEﬁlth@&&lmle theLeled:td@chemlcal cell
particul ates, such as Siq rgrartl culates, within %g : the

Consagueatly cthe Hehmgofmm%eru@ idogs| o/aiheR dgvices provid
closéﬁqli%éﬁifbppém% %c%llﬁ%éﬁlb RS [)rBH‘irf’é %#ryﬁpmlbdégﬁfrﬁ%%be

uor OSI e can e supbsequen

significentBcinghdd segl. I VWihilet theath emefitwif the frouvemtioh mlaye b@cnera,hs@d with
the electrochem cal cell, Conse n |fe%l

any apid gy hag therareatestiipast ep the ﬁgﬁﬁww.qﬁ prﬂamus dhen

form%tﬂ(ﬁ'\ 6t fig r%s'ilf&‘éfeé Pa[théreﬂ%\ﬁ'bélﬁcué‘&c!u particulates from

scru blng I quor may be significantly increased.
Wi | st the beneflt of the invention may be reallsed

The §81ths oF 1he Gy rieddision i RErfCLaIay FaAinkaman, abpr above a
predéifela r?édl/am@t V\%g/rkﬁre){é?ﬁﬂeslﬂthé'a%lcﬂﬁlitﬂrn tmegﬁméém is HF,

e diverte uor Is preferably maintained at or
the caboertratipn et eifewithinctthevdivered Byuoamayfbereaiplained at ohabove

aci d thin the S st concentration
400 gmygq ial Breoardisnstl St of afdupd 250 BPRT BAyesE sdbgntialy
fully agg)ggﬁ,eﬂqp,tﬁgrfhgq, quBpt concentrations of SiO of around
ppm may be substantl ally fully dissolved within

the i quor. The aC| dity of the CI rcul ating |iquor may
convenij ent &atl on.. For e
¢

The 26iaTeer 174 Gadbifl b ERLES mdrifetst &l ank HarveRiRy focation.

For 3@Rsie! granatinmy nﬁ&@béqﬁ@ﬁut&@dahm@d@tel? u@fst}éﬁh{ bpaowhstream
the circulating liquor is diverted to the scrub

ng
fromdine docation ati whichapranputien vhihereirewating éd UObISadlgeﬁedg@ the

sorutiffa it it Be R RDPAT BB aRdo L HROT ybRietigoated in

the c%éé‘ﬁ loephaid palhichi the dmeﬂtéw figGesmixddwitAtigdot Hisehatded from
quor stored within the

the elec rochemical unit. In this case, the acidity of the liquor stored within the

storage vessel may be monitored. The storage vessel may be provided with a

fluid inlet port through which water enters the closed loop.

The acidity of the liquor may be monitored by measuring the conductivity of the
liquor. Through knowledge of the composition of the gas stream, the contribution
of the acidic gases to the conductivity of the liquor may be estimated, and so the
conductivity of the liquor can provide an indication of the acidity of the liquor.
Alternatively, a more accurate measurement of the acidity of the liquor may be
obtained using an on-line acidity analyser, which is preferably a halide analyser
when the acid contained in the gas stream is HF or HCI.
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storage vessel may be nonitored. The storage vessel

may be provided with a fluid inlet port through which
wW@1081072m6 ers the cl osed | oop. The acidity of PBEEGB2007/050726

l iquor may be nonitored by neasuring the conductivity

of the liquor. Through knowlsedge of the conposition of

the gas stream the contribution of the acidic gases

to the conductivity of the liquor nmay be estinated,

In th?ﬁﬂﬁ%&eﬁﬁnégaﬁ ta\cﬂé ¢ e%irg%ﬂ?ﬁéé@ ;{g\{ijtocfcﬁﬂpﬁéé’é’ Lfe an

electrddreintiahily fégeneratell Bneexahatige uriasThe wdittpreferably comprises
acidity of the liquor nmay be obtained using an on-1line
an iop@axghapgaraatesial fOTVﬂhﬁﬂﬂblr@ splecteddang frz?”héﬂ'ﬁ‘ dguor and across

whioR 3PL8E1c 04 BBoREY th BASEIE b anERRofR%o RHIBRAB hbugh the

erred e

ion eﬁbmmg@nimmuaahtmalsepamw consentratel saltitiors ad whktein the
regenerated ion exchange unit. The unit pref erablg

strengy},ﬁf t@%@'eﬁtﬂq teldds @ﬁ’ﬂ#ﬁj@d slepenAg wpen BrasItese
concgﬁ Bﬁd ”zr%(ﬁ | Wa'ié‘%oldaﬂ)k‘n g% s d R the

ric s applre use e absorbed I ons
electrechengicat emt hPevigkidatly, aqunopanbarr@feheumaceatratmsaﬂuaon may be
concentrate sol ution, and wherein

rate, he
conveyBa g ErTeaRIDR Sne IB VRIS IGhiE CRer B Sad) 8 PertS BRI ng
ﬂuon%]ﬁu Eatb8ewiTRM %rﬁﬂuﬁé’rﬁ‘ﬁ?éwéﬁérea |n§_$] bfgoncentrate

tion may circul ated through t e el ectrochem cal
unit. Periodically, a proportion of the concentrate

The B0 A S YT L B R s Bhoraoy

an ioff é)@h‘& g@ere%{ il th@Tofh Sf RIMIEIES BrivdaekWH dher H%téﬁﬁls that can
exchangé material serves to capture the ions of

providetawader pernéable rme@luablqn wn adsorplicnh ame@iumeand anrion

conchXind Phiotn BRGEAS) 65 Rhead e Tl By B Footbd didica

field 18 Qﬁ@bbﬁeeﬁﬁéwgmaﬂan ATheAshtiRAUG i BIhE Toshenalbe

he ions may be noved by the inposed electrical field
I008¢ and hetie i placerhetueendwicumepnbramnee amhnieilaw outleiesinters so as

of the n 58,81 hel d
to b e Idas T SF ap BEMnG Hie AP AlteiioRECuo Pl Biicies o
beadeehEG MR i 4 Boh8Rerit FEIMA bOG RIJEtREr WK d IBiRder. The electrical

Al ternatively, the partl cles or
potential which is apphed across, for example, the thickness of the ion exchange
material serves to drive the captured ions through the ion exchange material
towards one or other of a pair of electrodes through which the potential is applied.
Adjusting the magnitude of the electrical potential, or the current flow, between the
electrodes can adjust the migration rate of the captured ions through the ion
exchange material into the concentrate solution, which in turn controls the
adsorption rate of ions from the scrubbing liquor and thus the acidity of the liquor

discharged from the electrochemical unit into the closed loop.

The method of the invention is applicable to the treatment of gas streams
comprising a wide variety of acids, such as at least one of HF, HCI, HNO3, H.SO,,
H3zBO3, and H3POs4.
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beads may be in a coherent form bound together with a

bi nder. The el ectrical potential which is applied
W@20080%200¢ or exanpl e, the thickness of the i onPEKRCBANGOS50726

material serves to drive the captured ions through the

I on exchange material towargs.-one or other of a pair

of el ectrodes through which the potential is applied.

Adj usting the magnitude of the electrical potential,

The Blesenf iariBh aise BropOfh EPERRIIS & FEAY R sbirdith CBhtaining
an atigmRKSHIRNEAMITalRES orhPilising RegE® BERIBDIR] BnkCAnibkSentially

which in turn controls the adsorption rate of ions
closqd aep: ¢ieculaliqmysigm ¢euBrsiagR PHIY forsiragiatingyaroaguerus
scrob by Bt ST JESTIY, S PEE RGBT L e i ing e

acidiyppl theadifceilating fiudry ant @eNéxiDpodaSr Sivermgpa peoEBtioh i the
. a wde variety of acids, such as at |east one of HF,
circulating ligyas awaystem themigsed inpnHoribe. Q&%S?T#BQE\Q unit, the gas

scrufgl?ﬁgruriiﬂﬁ‘a\ﬁﬁ 9 RELHISGS g&geﬁ]\gﬁé gﬁelz I?Weﬁ%oflgcmd}ga%e%%d inlet for

am cont ar ni ng an acl par at es,
receivonpihiesga stre gasfos dissolutivg inrthe, diverted Equdr, ahdyarcbotietd

througtr Bt Pieguerter IEBRERsEdbaong Tara e SarusthiRD LRE, the closed
loop Fa9Rfah %gn?r@hcﬁir%{:gg@grqtﬁﬁ'diwnérﬂgarfrorne% ls@&,bt*b'i}% unit; a

acidrty o Ircu I quor, and an exit por
devidetoraneeitaringthe acidpy of trenliqior dtea lwicatioh atithin the glosed loop,

and & @hyeléior sonfininenine TRuFiRy 87 s Seidfhpbing Bauor dépending
upor! #eSMbhRSrddCortbierdtivn tbi ol te §|§F&Bﬂ® bf‘{rﬁ{ ﬂ.f}elﬂf component of

receiving the gas streamfor dissolution in

the gais\sireard withimdhe divedteghliquar] et t hrough whi ch the
di verted liquor is discharged fromthe scrubbing unit,
the cl osed | oop having an entry port for receiving

Featliet @ésdtibsehab dRdin refitidn® metHibagsedisiol thatirl@Wtieh are

for monitoring the acidity of the I'iquor at a |ocation

equally @pplicable t@ltge @Pppadaty's agpech arshvicevessa.f or
controlling the reduction of the acidity of the |iquor
dependi ng upon the nonitored concentration to contro

Prefdrred sedtubad of theqirebbat iBobhtlos WilPABRTBe Bbsérfed@fth reference to

streamw thin the diverted |iquor.
the accompanying drawing, in which

Figure 1 illustrates schematically an apparatus for treating a gas stream; and

Figure 2 illustrates schematically an acid removal unit suitable for use in the
apparatus of Figure 1.

Figure 1 illustrates apparatus for treating a gas stream exhausted from a process
chamber of a semiconductor manufacturing facility. The apparatus comprises at
least one scrubbing unit 10 having a gas inlet port 12 for receiving the gas stream
from conduit 14. In practice, the apparatus preferably comprises four or more
scrubbing units 10 arranged in parallel for receiving the gas stream, so that when

one scrubbing unit 10 is off line for any reason, the gas stream continues to be
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Feat ures descri bed above in relation to nmethod aspects
of the invention are equally applicable to the
W@ppanzas aspect, and vice versa. Preferred fREI/GB2®7/050726

of the present invention will now be described with

reference to the acconpanyi.g. drawi ng, in which Figure

1 illustrates schematically an apparatus for treating

a gas stream and Figure 2 illustrates schematically

.an. acid r val it suitaple,for use in the. apparatus
receifipa B e S8t SoryltBirie itks §0, Fodvely fon dpdpd BOASE L only
Figure! fifusiiaies 8RS sSlubRail axfayst ed froma process chamber

of a sem conductor manufacturing facility. The

apparatus conprises at |east one scrubbing unit 10

i 0§50, B b beReh ot pubi LR Hritbdd BuftBacct a piasms
etch BSRItEF, 36 Whi6le BRS¢ SRSgd $8Y cOMpABING &¢ BtdHint andrdiygehtare
arranged in parallel for receiving the gas stream so

supptied asvraatasie ferdhetspagssi heingiconducied in theechambghy Examples

of suls AR R iR RR TR G R R B BFEE AU B odERal
formlarOFS B wiidng Xk ayiyez 1 drd zet0,alueh ANCFSCCUBRICEFs|OiL,Fs CHF3,
In this exanple, t as streamis exhausted from

0. h
CeHi andbibaog (thBe FuBabla gichans BckReNGo @ Sto ARgenmay also
be sUEENSS H3EMARIASI ) I8 BSCAIALB U RLASTIKATR chomber.

as reac rocess belng conducte
in the chanber. Exanples of suitable etchant include

.the perfluorinated conpounds havi ng the gener al
Duringtha etghing-piecrssr enly a-partion of theggactants will bg gopsyged, and

F F -
o 5768, e i P e R it Y e o
the réactantylangcuraeaativerobbld gasexsgasliddto thieechamobeis &nd by-
bei conduct ed i n the_chanber. s%;éi ng the etchin .
prodystsdys the aigh Rrogsss: droTdIXamale, S 088 SireaM Mayecontain a
mixtur@ BRI H 362_% AP Qir’?, HRPCYF ‘?ame?égﬂ‘ﬂﬁirﬁ%t&?]gﬁbé@‘?nentioned
process 'chanber 'w contal f a m xture of I

aboveamretwates-insolublen aedcda befone the gga sheasn gptormeyed totibe
rocess

scru@pggw%%t:s f(ﬂgt igﬁgsb%gagé?ﬂ%g%%rﬁggt gewce (not gr%wn) such as
a thermal processing unit (TPU) or plasma abatement device to convert the
perfluorinated gases to water-soluble acid HF. Any SiF, in the gas stream will be
converted to SiO,, which becomes entrained within the gas stream in the form of
solid particulates. Alternatively, the scrubbing unit 10 may be provided by a
combination of a TPU and a wet scrubber, and so no separate abatement device

may be required.

Aqueous scrubbing liquor is supplied to a fluid inlet port 16 of each scrubbing unit
10 by a supply conduit 18. As illustrated in Figure 1, the apparatus includes an
essentially closed loop 20 within which scrubbing liquor is continuously circulated
by a pump 22. The closed loop 20 has an exit port 24 through which a proportion
of the circulating liquor can be diverted into the supply conduit 18, and an entry
port 26 through which the diverted liquor is subsequently returned to the closed

loop by a return conduit 28 connected to a fluid outlet port 30 of each scrubbing
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m xture of CxFyH , O, Ar, SiF4, and COF2. The
perfl uorinated gases nenti oned above are
WQ081072006 0l ubl e, and so before the gas streanPCEGB2007/050726
conveyed to the scrubbing units 10, it is passed
t hrough an abatenent devi cegnot shown) such as a
thermal processing unit (TPU) or plasma abat enent
device to convert the perfluorinated gases to

unit 5 B preanis ceuaing SaBbioddier &n AT REdnfil e ey
condlLle UG tHid A6RAYIbA of ResdppPiyvaives3 Ictaéd befivéén B%e sup OIply

Alternatively, the scrubbing unit 10 may be provide
condyit 18 andbirespechiveofluid imeUpardl& wet scrubber, and so

no separate abatenent device may be required. Aqueous

scrubbing liquor is supplied to a fluid inlet port 16

The 6lbséd@tdos 20 Wobnpiisasa HuikDstbyadge 66881 oreamkd Buthaldhg tree fluid

|IIustrated in Figure 1, the apparatus includes an
inlet peBentlihg firgt Buigdn t|p@dp36_>oe%w¢ﬁ wailgefi feomat waksyi stipply conduit

37 for! 'uﬂHQIiy *nsakﬁﬁgﬁb Elgeg légh&bé)iﬂ'@ ﬁgor tl’?\%ﬁﬁv%l?%lﬁ%@ vﬁ?tmﬁﬁﬂs closed

loop ROPPKHE s.@cfoncd fltideiniet porl 38 reweivesithey cicanatiey qu@rrﬂr@@h the
into the supply conduit 18, and an entry port

closadhlogpgP-whhe iertnyarelt ¢6raf dae ICiQﬁ%’erE’ %B%&%ﬁ%ﬂh"’d fluid inlet
port." Fhe "té}‘ﬂg ‘?uﬁﬁ@#? gﬁou% ?gﬁjlgﬁuﬁegﬁ&l\'wﬁ th? ﬂ%ﬂ thdh liquor is

connecte to a eac

returaed tb thengloset 166p 2Dn this exanple, circulating
scrubbing liquor is diverted into the supply conduit
18 by the actuation of a supply valve 32 |ocated

The ﬁtﬁ{dﬁﬁﬁt éﬁfér%ﬂ@h%s@ g4 tzojﬁgorﬂrigeeiaﬁl?%‘a és\ég H#‘ng through

et port osed I"'oop 20 conpri
the psimp 2gdhakesisallates therhlquanwltam the ¢tlbsed Idd)pulzd onnda @r more filter

: s. The.first. f ort 3 cei es wat er .
units 2 fot setuavins bpisutes ot Bieiicr ahiatisehanagkioa dyid
anal;}ééﬁ‘ 4%0 ra%@térpgcb' r%H%vatI tﬂﬁ\h 485f09'ré8¢|'é| QQHe ‘éﬂcfcfﬁgrbftthg liquor,

cl osed op 20. The second fluid port
befoneela@ngefeturhed(tmlmjtmkﬁg l'i quor from the closed | oop

20. The entry port 26 of the closed | oop 20 provides
the third fluid inlet port. The tank 34 further

The fhoBRIA=hpserad Mdnﬂo@ﬁeeémaw bf ﬂQa &Fétﬂéﬁﬁ’g Nhi6tHat B 8iverted
throulg?'\ trh?ateu){nnggrt tzgf tE) tﬁe%u%f)?y condmt 18 In this example, the fluid
analyser 46 is located immediately downstream from the exit port 24 so that the
acidity of the liquor passing through the fluid analyser 46 will be the same as that
of any liquor that is diverted through the exit port 24. Alternatively, the fluid
analyser 46 may be located immediately upstream from the exit port 24 so that,
again, the acidity of the liquor passing through the fluid analyser 46 will be the
same as that of any liquor that is diverted through the exit port 24. In this
example, an on-line halide analyser provides the fluid analyser 46. The fiuid
analyser 46 outputs a signal 50 that is indicative of the acidity of the liquor passing

therethrough, which signal 50 is received by a controller 52.

As an alternative to using a fluid analyser 46 to monitor the acidity of the
circulating liquor, a conductivity sensor 54 may be provided in the tank 34 for
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The liquor that enters the closed [oop 20 fromthe

tank 34 passes, in turn, through the punp 22 that
wa@eosrmves the |iquor within the cl osed | oop POI/GBR®7/050726

or nore filter units 42 for renobving particul ates from

the liquor, a heat exchangerg44, a fluid anal yser 46,

and an acid renoval unit 48 for reducing the acidity

of the liquor, before being returned to the tank 34.

monioing 14 EBRRS o e TE? BoTed PEuRkPl R Srvidhlintee
cond@@tiyi(tféf the Nduorsumiph s pantbéd odtdrornithé Miutd 8YBGEU® of tHeetank by
fluid anal yser 46 is | ocated i nmedi ately downstream

the gurap22h el R pengRIra4 mayseutphhto thecceniralier p24 signgl 56 that is

51 PSSR s Wit iy ABAatR B, Py ohaliviy o
the ligapeegh groeidexdrt ingiiatioRdof thé taeidigt afak YiqubhwHdnuthe
anal yser 46 may be |ocated i medi ately upstream from
comp@gitien of the,gas siream entaringhgiserubbiag awigi 19, and thye the
. ) _ ¥ .
combp 8Eh o135 LARRTFNGlt b AR 2 Ms b
informationgionthieedxn thesigna80 drsa fo geresratgphecondiol signal 68 that is

hal i de anal yser provides the flujd analyser 46. The
suppiipgita T a6 EmaRI MR to sontethe redueten in the acidity o the
circuildtmgqﬁ&]df? of the acidity of the |iquor passing

t heret hrough, which signal 50 is received by a

controller 52. As an alternative to using a fluid

In orfP Rl ValVe B ot watr i osult 2y i am il Esed o Suply
an afrftfint @hwaddr, for SRimpR! 1 Wit ds ﬁ%@ﬁbhkﬁ% “Phe S0Bply valves 32

2
liquor stored in the tank 34, and thus

are igally claseidt yOnee theetankgdbhastieen suppliedpéth thet refiquined amount

' tlet 40 of the,tank he. pu 2. The . .
of witgh 5% ROTE Seel ki buia BiaRte e prBUEte B wfSiuithin the
closédRiop 20.i DdineafugtR fthé Rerdsidy aglyf Wtia@l? dife@ dtirgRithin the
within the tank 34. The conductivity of fhe |iquor can
closqg 9APR0 iWatedi cation of the acidity of the |iquor
when the conposition of the gas streamentering the
scrubbing units 10, and thus the conposition of the

The supplyvalvesg32 afisubséquerigvspenEtses eHt=Optdporfich Bs fife
. he I nformation contained in the signal 50 or 56 to
circuiting $arHbRINgdiguos) fos eyample areynd 1pg|tres, is diverted through the

exit port 24 into supply conduit 18 into each scrubbing unit 10. Each supply valve
32 is closed when the required amount of scrubbing liquor has entered its
respective scrubbing unit 10. For example, a first level switch (not shown) may be
located in the scrubbing unit 10 for outputting an actuation signal to the supply
valve 32 when the level of liquor within the scrubbing unit 10 has reached this

switch, in response to which the supply valve 32 closes.

The gas stream exhausted from the abatement device (not shown) is conveyed
through the gas conduit 14 and enters the scrubbing units 10 through the gas inlet
ports 12. The gas contacts the scrubbing liquor within the scrubbing units 10, with
the acidic HF being dissolved in the scrubbing liquor. Initially, as the acidity of the
scrubbing liquor is relatively low, any SiO; particulates within the gas stream are
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supplied to the acid renoval unit 48 to control the

reduction in the acidity of the circulating liquor. In
woep®satioen, valve 60 in the water supply condup¢T/8B2003/050726

initially opened to supply an anount of water, for

exanple 160 litres, into thegtank 34. The supply

valves 32 are initially closed. Once the tank 34 has

been supplied with the required anmount of water, valve

B €358 S BRI HE 2 B 55015 e [ e

scrublsihgaliitaol 0 trreegh igaktdudlet pofts BRUoheAmdsphere.t he
closed loop 20 is water. The supply valves 32 are

subsequent|y opened so that a proport| on of the

The %&fu%ﬂ%r?d ficilﬂaaﬁz\?/uét%%@%g d&’g’ﬁé e éé’ d9: 1%( %ggpﬁlcgﬂy %cgarged back

to the uigseyl loop @4, tantifephicedasith freeh Wehliibting MtioAflomEdeclosed

ve 32 |s closed when the required anount of
loop ?@p%%l"ﬁfatrﬁtw&ﬁaage dntedurvalyas pdasedrpvided feueentiglling the

d'SCHrgigé o*%cg@glngﬁlaﬂ@li ﬁomgeceﬁduf{)%érubﬁxﬁ ltlﬁi%b?gfrh%n erﬁﬁg \gﬁéach

returarvaacet Gduma),nbelognablled ushg a ltlmﬂr)(nwakwwﬁﬁsdvhm édm return
ubblng unit 10 has

h
vaivg 4%, p8fiosticaliehphid. Br cxgmpinabar e GeRUSan 90 anc
700 é’é’édfﬁi@%bﬁ%%tuﬁh@aigé%4%rcfb@ﬂe té'fg)% ﬁél&'m 1y ?ﬁldlc -

abat enent device (not shown) I s cbnvey roug
scrulking dlqmt;entexa then cetem eosdmméssmdjbbetngnem itd $heltank 34 through

enty 8 8B g ety Vel S et e g Femtedl Sount of
scrumﬂﬁ? #igLel, FoHExAPpRIabumeio] oY fved, ’ha@"@e&? Hlé*éh?l’%d 1rOtPihe

Initiall as the acidity of the scrubbing or I's
scruwngumﬁ 1yq/ F@mexzamples.a@eqmdt level switeh (viatiIshowrenapabe located

i thREFRBUTY Bhf A0BER tieif Tore SRSIE: el an aptuation

signal @o tte eatdm galve B4 WhknRigé (v ot héuérhﬁltﬁlh'fﬁé@&?ulﬁamér hit 10
scrubbing liquor within the scrubbing units 10

has fali-?n tythiasegorg %sy@ahb@dﬁsp@nw@ m;tethel r@(t)lprnzmlve 64
nd r

close%l. oﬁ\séeg’R:Tl gégg#&%\éwgs&i (ﬁéus ' a%‘“e%g‘bﬁgf ‘ﬁ'g‘%% , F!ﬁt?ﬁﬁ‘"th that

scrubkihg esit@2 israpemeavsaltttit freishapitibisihbiliatiot ediverted from the

closed loop 20 into the scrubbing unit 10 until the level of liquor within the

scrubbing unit 10 reaches the first level switch, whereupon the supply valve 32

closes.

The operation of the supply valves 32 and the return valves 64 of the scrubbing
units 10 may be synchronised so that, at any given time, the supply valve 32 of
one scrubbing unit 10 is open and the return valve 64 of another scrubbing unit 64
is open. With the valves 32, 64 operated in this manner, there will be a continuous
diversion of scrubbing liquor through the exit port 24, and a continuous return of
scrubbing liquor through the entry port 26. Altemnatively, there may be periods in
which no scrubbing liquor is being diverted to, or returned from, the scrubbing
units 10.
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di scharge of scrubbing |iquor fromeach scrubbing unit

10. The opening of each return valve 64 may be
wa@ensnwobed using a tinmer (not shown) so that PemB2007/050726

return valve 64 is periodically opened, for exanple at

a frequency between 100 andq7yQ0 seconds. Wen a return

valve 64 is opened, the - nowrelatively acidic -

scrubbing liquor enters the return conduit 28 and i's

k.34 ntr t .26.
The fefeiel el b ot ydliughaR s e Al ifirnane selibing units 10
enteBCthelibssH |dopURD thrbOfh aHe@pt FIrPEe6h I {artkr@zﬁ wRéin it mixes
been di scharged fromthe scrubbing unit 10. For

with tespiprulating beueentedngithe fanlchs (cmr@wgbﬁbm)eﬁna]g flyéd inlet port
6. EEEHELRHD, IF SRy 2088 oLl ehRETAA e b8 augn the

fluid oatlet pory aDwsf thé tavie 84 idradligiieincrsaddstadmonk tiLidr tsh(ﬁscharged
scr ubblng unit 10 has fallen to this second |evel

from dhp serubhing pBERdAse to which the return val ve 64
closes. As the return valve 64 closes, the supply
val ve 32 associated with that scrubbing unit 32 is

The agiditg of the tinaulafing fiQuscisurhbhitgredi e ﬂluﬂddin\lagjwdl@ which
uni t un

Suppi'ﬁ% aysigaal 55t 4 gL RRntTaISRg nileave 6b Brhgeiity of e liquor at the

I s P
ot A R0 Estioah 02 oS8t MBI S opver
52 cantibls fiike reduationvef] the saciidityodf theecieatatiig lmloumytthelahdmamoval

h d t ha v n ti t he sup
unit BEpARSBRSRRG R Bl hBl, Semalb a8l B Sarievah s 56 The
purpb@é bf thiy abM@obdf 1Ak é&f‘@?é‘rﬁbvélctﬁdlp% @h&@bﬁtr&‘*hé%oﬂ.ﬁﬁﬁg within
h the valves 32, 64 operated in I S manner
the llquor logated indthei sansbisingiunitssibaof e scdlduﬁiﬁ)mmcqlaws that are

orr U BB, 3k BB e e R RBATIRYG 6°°

Alternatlvely, there may be periods in mhlch no
scrubbing liquor is being diverted to, or returned
As discusged ﬂ@og%rlumlmgwmﬁmﬁymthmecwbmg liquyr withiditbe scrubbing

o Mo 4 PSS ST B R P

liquopwiit alg6 bereidtevelyw.3EonsBguShTY, ithe Hok@S content of the scrubbing
liquor discharged from the scrubbing units 10 will initially be relatively high. These
solids enter the closed loop 20, and become trapped by the filter units 42. At this
stage, the rate of reduction of the acidity of the circulating liquor by the acid

removal unit 48 will be relatively low.

As the acidity of the circulating liquor rises, due to the entry into the closed loop 20
of the relatively acidic scrubbing liquor discharged from the scrubbing units, the
solubility of SiO; particulates in the liquor diverted to the scrubbing units 10 will
also rise. As a result, the scrubbing liquor subsequently discharged from the
scrubbing units 10 will contain an increasing amount of dissolved fluorosilicates
and a decreasing amount of SiO; particulates. This enables the lifetime of the
filter units 42 to be significantly prolonged.
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with the circulating liquor entering the tank 34
t hrough the second fluid inlet port 38. Consequently,

wo b@sariodé ty of the [iquor that enters the cl oB&EGBR®E/050726
through the fluid outlet port 40 of the tank 34
gradual Iy increases as noreqsdiquor is discharged from
the scrubbing units 10. The acidity of the circulating
quuor is nonitored by the fluid anal yser 46, which

s gy EHGY 36T 6P ARtNG I aingES (R asEne faiF of Safugion of the
acndnf tﬁb%?rt%gxéétfg%ﬁ{cﬁ% lbgrlhé%?ﬂwb?ﬁo & Jrﬂfz %C&Hj\ﬁ?g;r? L(J)?tll a steady

gnal r 52 contro reduct
statet ua eeadn@ti aywbicht the agidityudfathierligiuior @aesmg;thtdugl“attiedluid analyser

so 5P Rnel 2 4 Bl BRSPS BB G s
acidiistdHseflsd that ﬁrfé QolDBfm)/éf th'é%f()f@arhéulhfésclﬂrthé Chbubhﬁnthm
solubility w thi i‘quor |ocated in the scrub

the sgribbing angs 10hw||shﬂ Mats«edmhm andmmmﬁthmacldavee not too high

so af it FEREAnI Uil g SrdbR TR Hiemgptell ERLAER.

the cbheeﬁﬁamhbbﬂ&@i gambuiuté@mmmmesgaybtbem iy @erﬁnono ppm,

be relatively |ow and so the solubility of Si O
the CBQP?DHGI'%H ek HF; W!ﬁh'ﬁ thadliyeripcbliquanis Psefers maintaineed py or
above®ho SBRseaquently, the solids content of the scrubbing

["i quo d| scharged fromthe scrubbing units 10 wll
initially be relatively high. These SO|IdS enter the
Iosedlogp 20, .and becone trap y the filter units

The siguctire apd operation of ere xRN Of) a&uet@bl@rﬁ%@ remeval unit 48 for
usedﬁﬁ:tﬁé %p%fr?tptgw hb%éHbFSn écﬂwah rQ EH@e ?&Fﬁq/drs ;@ngher

be rel ative acid
exanu;p‘;les of stitallel aainh oemovalemltsokme desdnbedentquy corpendimg US patent

. UKL TIRE RS A

refer8Atebi ity of SiOQ2 particulates in the |iquor diverted
to the scrubbing units 10 will also rise. As a result,
t he scrubbing |iquor subsequent l'y discharged fromthe

e 3661BBIAA U2 A% 4 PO A R ohBEFEB01 8. BRI
exaniile % &R @iectidcHEnaiEaly redireraRatibaexchangs Lgiti Mheolinit B8
comprises an anode 80 and a cathode 82 on opposite sides of the unit 48. These
electrodes 80, 82 are bathed in an electrolyte that is fed into two opposing
electrode channels 84 of the unit 48. With reference to Figure 1, the electrolyte is
fed into the electrode channels 84 from an electrolyte closed loop 86 comprising
an electrolyte storage tank 88 and an electrolyte pump 90 for continuously
circulating the electrolyte within the electrolyte closed loop 86. The electrolyte
may comprise an aqueous solution containing 0.25% phosphoric acid for inhibiting
corrosion of the cathode 82.

Between the electrode channels 84, the unit 84 comprises an array of alternately
arranged ion removal channels 92 and concentrate channels 94. The ion removal
channels 92 are internally manifolded to receive the scrubbing liquor from the

closed loop 20, and to return the scrubbing liquor, with a reduced acidity, to the
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filter units 42 to be significantly prol onged. As the
acidity of the circulating liquor continues to rise,

WO pestoz0e6 of reduction of the acidity of the PCT/GB2007/050726
circulating liquor by the acid renmoval unit 48 is
adj usted until a steady stajg.is reached at which the
acidity of the liquor passing through the fluid
anal yser 46 is maintained at a relatively steady | evel

di t
closedtJoBR A0 kgoR of i o GradVa el B8 Ltnlige§ 60 8 Fhange
matetiBE96] WHIZh M tofnpie & inthRarkomititesofléh Wil bxdiange resin
rel ativel y high, and so that the acidity is not too

beadsi dn this examplesthgnbeadsiat iop echaesgedesinecaaplise aniarn e

excnhgp Hie S FRCMaLing Rlesd ARlcTp, Wriot T i §RENBL

f|uon§§ rand figoreeiieaty ioaki eontaindd-withinhihe édmbﬂmgqrqmd passing
uor. i s preferably mai nt ai ned at or above 400

through h@t'@'& ESMMONabPRARIIRIS 82 JHOWEVOR@ BREWTA ef @mloawpgnd cationic
bead§%5? r%%%of enoval unit 48 for used in the
appaf a

now be described with reference to
Figure 2. O her exanples of suitable acid rem)val

units are described in our co-pending US pate
With %PKE%@N‘%OQQWG'POI emyyal magerial 36 glaseshicsther Cﬂmpéﬁ 82, the

t X I
on oREAaAGERIAEHE 015 e DS U B
membrarid Qshanarml thei cﬂheﬂsmlbehyt a m:ahempewhieyableegmmbmedd 100.
ion e an uniit. The unit 48 r ses an ano

Thesg THeRtiANRS 98- 890 e JpiabNPlaN, RS QRerale Mishah agnanner that
selclpS 51 £ABELH 98 FPasERoA T, HEFich BB RIAFHIGHYSfrom one
ion exdtleange sitd 8o anbthervdiilst irhibiting the passage of hater and other non-
ionic éﬂolgpg%ﬁbfg}{@ &“eggllggrgqorgtage ﬁ{@%ﬁ?@%a glngl 86 cfosemt to
the cﬁhﬁf&éé’é)’é BoSh@ERBR i kid8D aﬁmrﬁbéﬁﬁﬁé%wrﬁeﬁwmn%s, and

for continuously circulating the electrolyte wthin
on therather siderty gthipelaopetmeable raemb'raee diodctrol yte may

conpri se an aqueous solution containing 0.25%
phosphoric acid for inhibiting corrosion of the

The édiderdiaté2hannels 94 are similarly internally manifolded, and receive an
aqueous concentrate solution from a concentrate closed loop 102 comprising a
concentrate storage vessel 104 and a concentrate pump 106 for continuously
circulating the concentrate solution within the concentrate closed loop 102. The
pressure of the scrubbing liquor passing through the ion removal channels 92 is
greater than the pressure of the concentrate solution passing through the
concentrate channels 94 so that there may be a relatively small leakage of
scrubbing liquor into the concentrate channels 94, and also into the electrode
channels 84. This serves to prevent the concentrate solution and the electrolyte
from passing through the membranes 98, 100 into the scrubbing liquor. Osmosis
will also tend to cause some water to move from the scrubbing liquor into the
concentrate solution.
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Bet ween the el ectrode channels 84, the unit 84

conprises an array of alternately arranged ion renoval
w@ebasnedoss 92 and concentrate channels 94. The PONGB2007/050726

renmoval channels 92 are internally manifolded to

recei ve the scrubbing liquofgf.romthe closed | oop 20,

and to return the scrubbing |iquor, wth a reduced

acidity, to theclosed |oop 20. Each of the ion renoval

in usga B G pr TR PRIk o WITEDPE 161 S 4P eehnglg e absorbs
fluoridesartt Rea@silichfe IdhsscantaimeLanittin Qh@%@ﬂﬁ)lfiﬁg Il@tﬁbr entering the
exchange resin _conprise ani on exchange sites

unit 48.t Thetqangrodler 68tanpligaicopetential djﬁerenqehb@u@;embeeelectrodes

50, 475 B0 PRl OGBS BT 0 B BB

materialrggakittiin @kl isn 98movaresinel @21 WhdéethelinfteRds 6f tidelectric
cationic beads may be provided. Wth the exception of

field twater i disspipded t@\gene@te bydeaasseionst whidhearedrianebpihe

appiiEieI Tl HIBROAE B A AhndR R8I BauH A Yand

and on

hydrcb)yade mm mhncparm%a byemrafmleﬂwectﬁbém teobghnes array of
re rel atlvela thin, and operate in such a
0

charwg}ﬁ]@iwafr athe £athade89.ons are capabl e of passing

t hrough the nmenbrane by migrating fromone ion

exchange site to another whilst inhibiting the passage
Thesef gemratechimdmsohlgfatmalohgnhe path ef ldass rédistangé thiotigh the ion

nmenbrane.. T enoval material 96 closest 510 Lhe
exchaBOR cuales! W eB EOR T aIRD Gnsdlingiag the o that have been
absoP@éd‘%m thdTBERIbRIY MfioraNA dﬂ‘ﬂerﬁh@nﬁ:‘ Withirs E48h Rh femoval

ol ar perneabl e "menbr ane concentrate

chan@bgaa dhe gemeeatedmldnrdmde yonshdisplaiel therabhsioriped ddoridaand

oSS B0 B PSR SbAa ehGPel h iap amns
migratethAaRgH BfeSBlickHeA st dhé iciPEsEENGY Makeria Q@J@ncﬁ géss through

cont i nuousl circulating the concentrate sol uti
the oationipermeab {e)mﬁénbna@e&&:lrﬁ@ @cpqrw@ptrBGQChalh@elpﬂﬂes§he @nions

ou
are sy EnTEG PR Ul TRk M i chlih et
membligne 100Uy §/) bnchtRAs ThaBneNIHUEHY £6@re conveyed out
from the unit 48 within the concentrate solution passing through the concentrate
channels 94.

The rate at which the anions migrate from the ion removal channels 92 into the
concentrate channels 94, and therefore the extent to which the acidity of the
scrubbing liquor is reduced by the unit 48 is dependent, inter alia, upon the
electrochemical driving force which causes the anions to move through the ion
exchange material 96. Consequently, the controller 58 is able to adjust the
magnitude of the electrical field generated between the electrodes 80, 82 is order
to control the reduction in the acidity of the liquor passing through the unit 48.

As the acid removal unit 48 operates to remove acid from the circulating scrubbing

liguor, the acidity of the concentrate solution located within the concentrate tank
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concentrate channels 94 so that there nmay be a

relatively small | eakage of scrubbing liquor into the
w@onsermon@t e channel s 94, and al so into the el BCI/GBA®7/050726

channels 84. This serves to prevent the concentrate

solution and the el ectrol ytegfrom passing through the

menbranes 98, 100 into the scrubbing |iquor. Osnosis

will also tend to cause sone water to nove fromthe

10 LAREL Rl e SSRGS et
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der the influence of the electric field
betwieendhe second @xittnery ¢ he aadamipdetagehi i oé the/\mrmermaée tank

102 Rt RPor Foel B b e’ 43t Sk b he8H e

condedfvate WHictoaaAd dhé concdrateeranphioed ALertdnteatbiditcharge
thro@gh the array of channels towards the cat hode 80.

condpifek8 gutgadsfedn it exitipgrtat 6, aar*@frgantﬂ@5®6ﬁ06arg%wve 120
and ?Qﬁécﬂa‘?gé gt EETE}S 9ugh é&%a i6h o? aﬁgﬁa@h\%{l{/ﬁhQOVVE%Bﬁ{rBIIed by

I ons ISp ace e I on

h|gh almsidobelévélrmndﬁw Iscatelain e Iconuentratertank N4, wetwisen which
n each ion renoval channel 92 the generated

the 'ﬁquiﬁoa@enﬁﬁge sRIdtipR HLthereonasaaiR NN T4 isferarlly

mairftain@gosi | icate ions to regenerate the ion exchange
material. The di spl aced anions mgrate through the
t hi ckness of the ion exchange material 96 and pass

e R8Iy S Rah RGBS ftesr RRLRES Been siasfiotd from e

scrubbiaigainifadl d Has RedcHdd #¢BRalMfalas! Y eRYnipghe afidPROO litres,
per meabl e menbrane 100 boundi ng t he concentrate

valve A dfnetated withinl theliquer stpplegenduitil 12 isapened saithatdscrubbing
Ilquomé 5@)%{1%@%&@ Eﬁ% ﬁqu?tdgg&g lzﬁtl'npo eSS A n%tra?e 9éjr'ﬁ<h1 (SJ? € When the

level of the concentrate solution in the concentrate tank 104 has reached the high
level switch in the tank 104, valve 124 is closed, and discharge valve 120 is
opened so that concentrate solution is pumped out from the concentrate closed
loop 102 through the discharge conduit 120. When the level of concentrate
solution within the concentrate tank 104 has fallen to the low level switch, for
example after around 10 litres of concentrate solution has been discharged
through the discharge conduit 118, valve 120 is closed. The discharged

concentrate solution may be removed from the apparatus for further treatment.

Periodic discharging of concentrate solution in this manner will gradually reduce
the amount of scrubbing liquor circulating within the closed loop 20. In view of
this, the tank 34 is also provided with high and low level switches. When the level
of the scrubbing liquor within the tank 34 has fallen to the fow level switch, valve
60 is opened to permit water to be supplied into the tank through the first fluid inlet
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scrubbing liquor is reduced by the unit 48 is
dependent, inter alia, upon,the el ectrochem ca
driving force which causes the anions to nove through
the ion exchange naterial 96. Consequently, the
to adjust the magnitude of _th
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port égec 3?efgfver$8%r3d0’§§ﬂ§meéﬁthséw@@{ SCHD 'P@J!ﬂ%fd‘é@h'sldhe tank

34 n82 rbSci¥difie hidhIoVEI" he reduction in the acidity of
thé ??quore lgglﬁg%fﬂ%%ﬁgh the unit 48. As the acid

removal unit 48 operates to renove acid fromthe
circulating scrubbing Iiquor, the acidity of the
concentrate solution |located within the concentrate
tank104 will gradually increase. In order to contro
the acidity of the concentrate solution, an anount of
the concentrate solution is periodically discharged
fromthe closed | oop 102. Returning to Figure 1, the
cl osed | oop 20 within which the scrubbing Iiquor is
circulated has a second exit port 110 |ocated between
t he anal yser 46 and the acid renoval unit 48. A liquor
supply conduit 112 extends between the second exit
port 110 and an inlet port 114 of the concentrate tank
102. The concentrate closed | oop 102 has an exit port
116 | ocated between the concentrate tank 104 and the
concentrate punp 106. A concentrate di scharge conduit
118 extends fromthe exit port 116, and contains a

di scharge val ve 120 and a di scharge punp 122.
Actuation of the discharge valve 120 is controlled by
hi gh and | ow | evel switches located in the concentrate
tank 104, between which the |l evel of concentrate
solution in the concentrate tank 104 is normal ly

mai nt ai ned. Wen the total anount of scrubbing |iquor
t hat has been di scharged fromthe scrubbing units 10
has reached a certain value, for exanple around 100
litres, valve 124 |ocated within the |iquor supply
conduit 112 is opened so that scrubbing Iiquor is
diverted fromthe closed |oop 20 into the concentrate
tank 104. \Wen the
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| evel of the concentrate solution in the concentrate
tank 104 has reached the high level switch in the tank

waesovabee 124 is closed, and di scharge val vePQRGBR2®7/050726

opened so that concentrate solution is punped out from

the concentrate closed |oop4%Q2 through the discharge
conduit 120. Wien the level of concentrate sol ution

within the concentrate tank 104 has fallen to the | ow

| evel switch, for exanpleggéhié around 10 litres of
concentrate solution has scharged through the

di scharge conduit 118, valve 120 is closed. The

di scharged concentrate solution may be renoved from

t h& aetedolikeatng & gasistieam eani@ining aradiddnd solid particulates,

di j tr )l ution in this manner
W ﬁ‘ﬁgaeghﬁ(gF?{/np?%E&e@etﬂéﬁ%ﬁgunt of scrubbing |iquor
ci r cul atiroglatihg ainnadusdus! sm?@ltsbihQQJigu@Pthrbﬂ’gW afAsekntially closed

this, the tank 34 is also provided with high and | ow’
| eRAP SRNPESIBY aneifl f?ﬁ@vagwt fosredueing dheigpidiy of it Bguor;

Wit hin e : QW .t.ch,
val ve. 65 FRVARLaGapeR poRiertsl e sefish Rl 1GEKFla 35501 s

t hecruobing bnibugh the first fluid inletport 36. The

val ve 60 is, cl o%ed when thj | evel _scrubbing Iiquor

wi t hi n CHEPYIIGNS G35 Stream i dhe SHubRInghUNEy e|

swi t ch. GhaMitdring: thé JERIityst tRé i ' i
containing an gci g‘ andiyg(gl ﬁ%l hgg?ﬁdc%?gta%@ﬁ%ghﬁe%%%bmg
cotpiti@nghg the steps of: circul ati ng an aqueous

bbi ' i all I I
corpr 1 s Agrafing ng Roditd0arth i 38Ry b e Brig depsiing upon
acttl ipnitbrédhacitlitg tocontselnne wolbily of gRssolitl GethpbAENIAT the
the circul ating Iuguor to a gas scrubbing unit;

suPpp iR WeEhsaid gt laast adparken o thepdirawiating Nquor.

nonitoring the acidity of the liquor to be supplied to

t he scrubbing unit; and controlling the reduction of

t hé methtid 3canfrdinigeolClginor , ddpesidisaid apleast &@oniut dothed

acidity.to .cont.r(g. trpe sol ubi | itR/ of the solid .

c oﬁ',S%‘HéH?Q liqueris diverted away from the closed foop, and is subsequently
returned 1o the closed loop.

A method according to Claim 1 or Claim 2, wherein the acid removal unit is
an electrochemical unit.

A method of treating a gas stream containing an acid and solid particulates,
the method comprising the steps of:

circulating an aqueous scrubbing liquor through an essentially closed
loop comprising an acid removal unit for reducing the acidity of the liquor;

diverting a proportion of the circulating liquor away from the closed
loop to a gas scrubbing unit;

supplying the gas stream to the scrubbing unit for dissolution in the
diverted liguor;

returning the diverted liquor to the closed loop;
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gas streamwi thin said at | east a portion of the
circulating liquor. 2 . A nethod according to Claiml,

wob@seinocai d at | east a portion of the circul BE€T/G§2007/050726

10.

liquor is diverted away fromthe closed |oop, and is
subsequently returned to th?80| osed | oop. 3. A nethod
according to CGaiml or laim2, wherein the acid
renmoval unit is an electrochem cal unit. 4. A rret hod

et cordaT R G P g i e
Ci élﬁgé&ﬁ?cﬂﬂ azﬁ@oaqueous scrubbing I'i quor through an

essent | sed | oop conprising an acid renoval
uni t focomtemilmg trp tedeiction af thye atidithef thebquor dépesrdingigpon

Shlb R Shh G SARRES AR PEPE FEPA G e
stggg&g]régmt\}g%,ﬁ%é@wem@dqmdorf or dissolution in the
diverted liquor; returning the diverted |iquor to the

cl osed | oop; noni toring the acidity of the circulating

8155 DTS bR 0 g

depaintaingdugtan dbowenppiddet@thined diatue.t o control the
solubility of the solid conponent of the gas stream
within the diverted liquor. 5. A nethod according to

A AlrfitthodMiZoRliflg YO T1AMH 8! hheRlin 1R a8l e drld fHedr 1 S
mai nt al ned at or ove a pre etermne de. 6. A
mecdromendationdif itf with{@ tiendiGeriedh ﬁqebmlstmamtmheld la$ oHRbove
angl he concentration of HF within the diverted |iquor
fhi ned at or above 400 ppm 7. A nethod
according to any of Clains 4 to 6, wherein the acidity

of the Iiquor
A method according to any of Claims 4 to 6, wherein the acidity of the liquor

is monitored at a location upstream from the electrochemical unit and
downstream from the location at which the liquor is diverted to the

scrubbing unit.

A method according to any of Claims 4 to 7, wherein the diverted liquor is
returned to a storage vessel located in the closed loop and in which the

diverted liquor mixes with liquor discharged from the electrochemical unit.

A method according to any of Claims 3 to 8, wherein the electrochemical

unit comprises an electrochemically regenerated ion exchange unit.

A method according to any of Claims 3 to 9, wherein the electrochemical
unit comprises an ion exchange material for absorbing selected ions from
the liquor, and across which an electric field is applied to cause the
absorbed ions to migrate through the ion exchange material into a separate
solution, and wherein the strength of the electric field is adjusted depending
upon the monitored concentration.
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is nonitored at a |ocation upstreamfromthe
el ectrochem cal unit and downstream from the | ocati on

w@rooshiwbe t he | iquor is diverted to the scrubbP@myGsBrior/050726

11.

12.

13.

14.

15.

16.

8. A nethod according to any of Clains 4 to 7, wherein
the diverted liquor is ret_U{éu_ad to a storage vessel

| ocated in the closed |oop and in which the diverted
liquor m xes with |iquor discharged fromthe

el ectrochem cal unit. 9. A nethod according to any of
Clains 3 to 8, wherein the electrochem cal unit

co : . e : .

e RieoRGHS AR Ehcc i e MieR G $Bjid gomponent of
3 the @as sinkmmds a silfionebasad camponent ofuhetgasmimases an

i on exchange material for absorbing selected ions from
the liquor, and across which an electric field is
apAlrhethodaccavdifig td angprecddifg ichiis, tWhaiei Beesdiflf G3t8Ponent
the ion exchange material into a separate sol ution,

anef thBegas siream is siliepguipxide.t he el ectric field is

adj ust ed dependi ng upon the nonitored

concentration.11. A method according to any precedi ng

cl Aimgtheldeaagionding ¢o anl ipdeceding ciiin, ofherdia theaicidityesithe liquor
I's, a silicon-based ¢conponent of the gas stream 12. A
melHBanieres Ry measuringiheperdtivgy of ediaufer ei n t he
solid conponent of the gas streamis silicon dioxide.

13. A nmethod according to any preceding claim wherein

t hA naethdidtaccotdingdo lang wd IClaisnsrb o t1ar etiebsin teasaid camprises a
the cpnductivit f the. ligyor. 14. A nmethod accordin
A, andcataereln e acidity o g liypris BoipiPEuSpEiATanne
hah¢idy araNs8hiRhas dRafde dhalysef. the liquor is

nonitored Using an on-line acidity anal yser, such as a

hal i de anal yser. 15. A nethod according to any

0 BG4 B fog B e e R e Bd brses
HNeRst bRSaMid ddiecid fromd thl Gkdup comprising HF, HCI, HNOj3, HoSOy,
HsBOs, and H3PO4.

Apparatus for treating a gas stream containing an acid and solid
particulates, comprising:

a gas scrubbing unit;

an essentially closed loop circulation system comprising a pump for
circulating an aqueous scrubbing liquor around the closed loop, an
electrochemical unit for reducing the acidity of the circulating liquor, and an
exit port for diverting a proportion of the circulating liquor away from the
closed loop to the gas scrubbing unit;

the gas scrubbing unit having a first inlet for receiving the diverted
liquor, a second inlet for receiving the gas stream for dissolution in the
diverted liquor, and an outlet through which the diverted liquor is discharged
from the scrubbing unit, the closed loop having an entry port for receiving
liquor discharged from the scrubbing unit;
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17.

18.

19.

20.

21.

22.

23.

16. Apparatus for treating a gas stream containing an
acid and solid particul ates, conprising: a gas

wa@esoaloong unit; an essentially closed | oop ciPCIGBR006/050726

system conprising a punp for circulating an aqueous
scrubbing liquor around thepcl osed | oop, an

el ectrochem cal unit for reducing the acidity of the
circulating |iquor, and an exit port for diverting a

02801 8RB 4 Lo S BB B i e

sefdgeldilBgpand having a f| rst inlet for receiving the
di verted Ilquor a second inlet for rece|V|n? the
st r eamef eantenlies ipraardieliing theaeductian ekthei aidiy, ofatha anor

[
F MehBbabRL AT 28 kil g i BBt e
eisolig cpoplonkat of theegas stgeamquithin thes divertgddighionm t he
scrubbing unit;a device for nonitoring the acidity of

the liquor at a location wthin the closed | oop; and a

c Wﬁﬁa%thgrac%Bquﬁﬁ'tB CWitd 16, Wﬁ@re‘ir?ﬂtécédrﬂfbt@ id &?nhgaxred to

acidity of the ITquor dependi ng upon the nonitore

c orjetain the aeidity otthﬁ diyerteddiquor albon ahaveod prevetemningd
c nent of the gas streamw thin the diverted
li'quor. 17. Apparatus according to Caim 16, wherein
the controller is configured to naintain the acidity

of the diverted |iquor at_or above a predeterm ned
vARparatug aCABﬂaﬂatQ@l%tebb%dwhgretrbtte eemraller ispenfiguied to

t f
| Bl UL e 4 B NP0 ot o above
ad®deppt00 ppm 19. Apparatus according to any of

Clainms 16 to 18, wherein the device is |located within

the cl osed | oop upstream fromthe el ectrochem cal unit
aWi!)paratus according to any of Claims 16 to 18, wherein the device is

located within the closed loop upstream from the electrochemical unit and

downstream from the exit port.

Apparatus according to any of Claims 16 to 19, wherein the entry port is
located within a storage vessel provided in the closed loop and in which the
liguor discharged from the scrubbing unit mixes with liquor discharged from
the electrochemical unit.

Apparatus according to any of Claims 16 to 20, wherein the device is
configured to measure the conductivity of the liquor.

Apparatus according to any of Claims 16 to 20, wherein the device is an on-
line acidity analyser, such as a halide analyser.

Apparatus according to any of Claims 16 1o 22, wherein the electrochemical

unit comprises an electrochemically regenerated ion exchange unit.
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downstreamfromthe exit port. 20. Apparatus according
to any of Clains 16 to 19, wherein the entry port is

WO a6 t hi n a storage vessel provided in tPer/cBe®eds0726

| oop and in which the |iquor discharged fromthe
scrubbing unit mxes wth.pjquor discharged fromthe
el ectrochem cal unit. 2 1. Apparatus according to any
of Clains 16 to 20, wherein the device is configured

SpBORLE SckORMEPRA b Gt 1 Ui Wil 8 clgpgrcr

t beit demptizes @anaibn@xchange atatdriblfonnbbyrbing selectedidng from
hal i de anal yser. 23.. Qpparatus gﬁéording to any o

hquof sang agross whichian ¢lgetric figld isapriigdtie caise the
C j ] t Welnp
cERLRATORICHAGIORIEILE the lorf SAHMGE RdicrBlinto separate
1solutioa3andviieetin théeoatrelierriscoafigomd toradjustdhp streagth of

anp ion exchange material for absorbing sel ect.ed ions
i e R SR r e R Bouthass B RPBROBH BICeTRESR] el d | s
applied to cause the absorbed ions to mgrate through
the ion exchange naterial into a separate sol ution,
and wherein the controller is configured to adjust the
strength of the electric field dependi ng upon the
noni t ored concentrati on.



