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oxide layer on the substrate, and silane and ammonia may be supplied for the

formation of a silicon nitride layer. Polycrystalline silicon, or polysilicon, is
deposited on the substrate by the decomposition of silane or a chlorosilane by

15 heat.

Gases are also supplied to an etch chamber to 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
20 the perfluorinated (PFC} gases such as CF4, CaoFg, CsFs, and C4Fg, although other
suitable etchants include fluorine, NF3, SF¢ and hydrofluorocarbon gases, such as
CHF3, CoHFs and CHzF2. 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
25 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

30 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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Solid particulates, such as SiO; particulates, that are entrained within the gas
stream entering the scrubbing unit are transferred to the water passing through the

20  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 rernain 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

25 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
30  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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the closed loop, and controlling the reduction of the acidity of the

| i quby dependi ng upon the nonitored acidity to control the solubility
of the sphidresent invention also provides 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
electrochemical unit for reducing the acidity of the liguor, diverting a proportion of
20  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, retuming
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
25 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

30 - 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 siream containing HF may be dissolved in a hydrofluoric acid solution
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scrupbing unit. The diverted liquor may be returned to a storage vessel [ocated in
the closed loop and in which the diverted liquor mixes with liquor discharged from
20 the electrochemical 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
25  liguor. 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-iine acidity analyser, which is preferably a halide analyser
30 when the acid contained in the gas stream is HF or HCI.
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whi ch i nobee anddld il slatb®etween two membranes and inlet and outlet sinters so as
to be permeable to the liquor containing the ions. Alfernatively, the particles or
beads may be in a coherent form, bound together with a binder. The electrical
20 potential which is applied 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
25  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 electrochemicaj unit into the closed loop.

The method of the invention is applicable to the treatment of gas streams
30 comprising a wide variety of acids, such as at least one of HF, HCI, HNO3, H2SC.,
H3803, and H3PO4.
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15
Features described above in relation to method aspects of the invention are

equally applicable to the apparatus aspect, and vice versa,

Preferred features of the present invention will now be described with reference to
20 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
25  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 iniet port 12 for receiving the gas stream
30 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



Figure 2 illustrates schematically an acid renoval unit suitable for
use in the 25 apparatus of Figure 1. Figure 1 illustrates apparatus
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and by- 15 products fromthe etch process. For exanple, the gas
stream may contain a mxture of C FyHz, 02, Ar, SiF4, and COF2. The
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before the gas streami1s conveyed to the scrubbing units 10,
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gas str er%mtl_ljr% ctxfr@ Ff IQI 2, Ar SiF4, and COF,. The perfluorinated gases mentioned
above are water-insoluble, and so before the gas stream is conveyed to the
scrubbing units 10, it is passed through an abatement device (not shown) such as
a thermal processing unit (TPU) or plasma abatement device to convert the
20 perfluorinated gases to water-soluble acid HF. Any SiF4 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.
25
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
30 of the circulating ligquor can be diverted into the supply conduit 18, and an entry
port 26 through which the diverted liguor 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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t hr ough W@”EB%?@C%EP?‘%&F%@I ates the liquor within the closed | oop
20, one or nore filter 15 units 42 for renoving particulates fromthe
liquor, a heat exchanger 44, a fluid analyser 46 and an acid renoval
[

unit 48 Tl liqweribrhenterethecsiased logp thsomitgadank BaPaseesdn Hynr tyowgied
to the t sLH i b H

e r et at i 22HAal cittdatBE Rl fiilor WiFPIHe Obded [or 80, Hriclorthald fiter

t he Bupplityitscdén triremo8ing partitilgtasxfzomithe liqer, Alhdad exoldngerd44 6 fluid
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t he sanebefsrd baihgarétuanyd to theaank!3at is diverted through the exit port

24. Alternatively, the fluid analyser 46 may be | ocated i medi ately
upstream fromthe exit port 24 so that,

The fluid analyser 46 monitars the acidity of the circulating liquor that is diverted

20 through the exit port 24 to the supply conduit 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,

25 again, the acidity of the liquor passing through the fiuid 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 fluid
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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si gnal 50 that is indicative of the acgdlty of the liquor passing
t her et hrough, which signal 50 is receiVéed by a controller 52. 30 WO
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supply conduit 37 is initially opened to supply an anount of water,
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| d.
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t o cil® cukicdatimgligwarer within the closed | oop 20. Consequently, the

scrubbing liquor initially circulating within the closed loop 20 is
wat er. The supply val ves 32 are subsequently opened so that a

propor ti fmopératibs, vAlé 60 Bid Wty GUPPRIddadLit B7a5 inifidlly EHeHERl 18 supplnd
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scrubbi ng uni For exanple, a first
be | btat ebwaiert valve 60 ud biosgd andtpuntp R8opetatpdite cirgulate thetwter within the

si gnal t&o&@& Io%‘boftl).yConsequenﬁy, the scrubbing liquor initially circulating within the
closed loop 20 is water.

The supply valves 32 are subsequently opened so that a proportion of the

20  circulating scrubbing liquor, for example around 10 litres, 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

25 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
30 ports 12. The gas contacts the scrubbing fiquor 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



25 valve 32 when the level of liquor within the scrubbing unit 10 has
reached this switch, in response to which the supply val ve 32 cl oses.
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scr ubbi ng .
oses. As the return valve 64 closes, the supply vaive 32 associated with that
scrubbing unit 32 is opened so that fresh scrubbing liquor is diverted from the
20 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

25 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. Alternatively, there may be periods in

30 which no scrubbing liquor is being diverted to, or returned from, the scrubbing
units 10.



25 units 10 may be synchronised so that, at any given tine, the
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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.

25 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

30 and a decreasing amount of SiO; particulates. This enables the lifetime of the
filter units 42 to be significantly prolonged.
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r egemer atleove 400 pgohange unit. The unit 48 20 conprises an anode 80
and a cathode 82 on opposite sides of the unit 48. These el ectrodes
80, 82 are bathed in an electrolyte that is fed into two opposi ng

el ect r odehe RENORKS ald opbratidd ditink SRmPE bh arseftabie MR tndvauhe 4B fol he
electrolyte js fed into the el ectrode channels 84 froman electrol yte

closed | b Behesmprrainyilbnow becdassriped withgetrieneatarigeresdd Qther
el ectrol %i&nﬁ%%f %pnét% a%mﬁwahg% ;@ﬂé&ﬂapaawsﬁy ?g-pshsﬁbf@é Yhfent

within the electrolyte 0s oop The el ectro
15 application 2006/0101995 A1, the contents of which are incorporated herein by

reference.

The acid removal unit 48 is in the form of an electrochemical unit, and in this
example is an electrochemically regenerated ion exchange unit. The unit 48

20 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

25 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
30 arranged ion removal channels 92 and concentrate channels 94. The ion removal
channels 92 are internally manifolded to receive the scrubbing liguor from the

closed loop 20, and fo return the scrubbing liquor, with a reduced acidity, to the



may conprise an aqueous solution containing 0.25% phosphoric acid for
I nhi biting corrosion of the cathode 82. Between the el ectrode

channel s 8¢ Afo7sdkt 84 conprises an array of alternat@yesfornsor2s
arranged ion renoval channels 92 and concentrate channels 94. The ion

renoval channels 92 are internally mgq'gf_ol ded to receive the
scrubbing liquor fromthe closed | oop 20, and to return the scrubbing
| iquor, with a reduced acidity, to the WO
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exception of ,the .on renoval material, 96 cl osest to the cathode, 82,
The 10 | Broug g8 TibuR] carBils 42 pHoHeYSr G alase ndationc
perrreabl;gaemb?m $videdad on the other side by a cation perneable
menbrane 100. These nenbranes 98, 100 are relatively thin, and

operate in such a manner that selected ions are capabl e of passing
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per moabl @oAHERS 3B 885 o The BN T b Bib=8PR Sasipoablh BRr e Aabi o
nmenbr aneTH&Se mEhtbranss 681 100 are fdtivehsthitt aiideopsdraid inrsughidvnahnal that
mani f ol ded, and receive an 20 aqueous concentrate solution froma

concent riglected iersyateseapabie oteassing thigugh the membrane by migrating from one
ion exchange site to another whilst inhibiting the passage of water and other non-

15 ionic molecules through the membrane. The ion removal material 96 closest to
the cathode 82 is bounded on one side by an anion permeable membrane 98, and
on the other side by a bipolar permeable membrane 101.

The concentrate channels 94 are similarly internally manifolded, and receive an

20 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

25 concentrate channels 94 so that there may be a relatively smail leakage of
sctubbing 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

30  concentrate solution.



concentrate storage vessel 104 and a concentrate punp 106 for
continuously circulating the concentrate solution within the
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boundi ng 1ratetradh et Befiksd, 86 3on BReTioEatTial DB e s through
the cation permeabie membrane 98 lnto a concentrate channef 94. The anions
are prevenied from migrating further through the array by the cation permeable
membrane 100 bounding the concentrate channel 94, and so are conveyed out
20 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

25 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 materiat 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.

30
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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val ue, for exanple around 100 tres ve 124 in the

| i quor sopntainednduit 112 is opened so that scrubbing liquor is
diverted fromthe closed |oop 20 into the concentrate tank 104. Wen
the |l evel of the concentrate solution in the concentrate tank 104 has
reached WieerhihghtoRkemoeint sfmztmbbmg ligher thahkad Bden didchargedifrora thé osed,

and dlschar valve 0is 0O sp .t hat ncentrate sol uti
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concentrate tank 104 has fallen to the |low |l evel switch, for exanple

after ar BIHRT & gverteadomeihe grseriaon 2 i the exceatatedank d0dc héthgadhe

leve! of the concentrate solution in the concentrate tank 104 has reached the high

20 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

25  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

30 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 falien to the low level switch, valve
60 is opened to permit water to be supplied into the tank through the first fluid inlet



25 through the discharge conduit 118, valve 120 is cl osed. The

di scharged concentrate solution nmay be renoved fromthe apparatus for
further trggy sgof€r 1 0di ¢ di scharging of concentrate ﬁ?f/féﬁioﬁﬂosioQG
this manner w gradual |y reduce the anmount of scrubbing I'iquor
circulating within the closed loop 20. In view of 30 this, the tank
34 is also provided with high and | ow18%vel switches. Wen the |evel
of the scrubbing liquor within the tank 34 has fallen to the | ow

| evel switch, valve 60 is opened to permt water to be supplied into
t he tank PofrZuglhenaivg 6 is ¢lpsediwhan dite levelid scrgahing Bguortwithin #he/tan0

is close Wﬂﬁﬂ' el. of I jng liquor within the tank 34 has
reached gﬁé Ié%@ﬁg%é%&éﬁﬁg%ﬁ'sH@Qq7 - CLAIMS 1. A nethod of treating

a gas streamcontaining an acid and solid particul ates, the nethod
conprising the steps of: 5circul ati ng an aqueous scrubbing |iquor

t hrough an essentially closed | oop (20) conprising an acid renoval
unit (48) for reducing the acidity of the |iquor; suppl yi ng at
| east a portion of the circulating Iiquor to a gas scrubbing unit
(10); 10supplying the gas streamto the scrubbing unit;



nonitoring the acidity of the liquor to be supplied to the scrubbing
uni t; and controlling the reduction of the acidity of the
| i qguor dependi ng upon the nonitored acidity to control the solubility
of the solid conponent of the 15gas streamw thin said at |east a
portion of the circulating liquor. 2. A nethod according to Caiml,
wherein said at |east a portion of theléi-rculating Iiquor is diverted
away fromthe closed |oop, and is subsequently returned to the cl osed
| oop. 20 3. A nethod according to Claim2, wherein the acidity of the
diverted liquor is maintained at or 6b&WMSa predeterm ned value. 4. A
met hod according to Caim3, wherein the acid is HF, and the
25concentration of HF within the diverted liquor is nmaintained at or

above 400 ppm fHmetdtedfiadiing eQjd itbandcomtiintly 44 atifmind dofid partivhrited, n
the acid removal unit is an electrochenm cal unit, and the acidity of

the liquor is hAmmedhastcepprisingthecerdal upstream fromthe

el ectrgcheni cal uni irafgdhidlPANabi &R d@Bitd gl tRough aRlessBhedlydised
liquor is diverted £0 tﬁuerqucru%%l ng urﬁﬁﬂ.l @Cl8 6. g« r{eteklsod a.c.gordieng
to any of O ai heoR(20)cemprisiag @nradichesnayvadpoié (18)ifepueducisg theadidinedf the
a storage vess%uér%) | ocated in the closed |oop and in which the
diverted liquor'nmxes with liquor discharged fromthe el ectrochem cal

unit. supplying at least a portion of the circulating liquor to a gas
scrubbing unit (10}
10 supplying the gas stream to the scrubbing unit;
monitoring the acidity of the quuor to be supplied to the scrubbing
unit; 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

15 gas stream within said at least a portion of the circulating liquor.

2. A method according to Claim 1, wherein said at least a portion of the
circulating liquor is diverted away from the closed loop, and is subsequently
returned to the closed loop.

20
3. A method according to Claim 2, wherein the acidity of the diverted liquor is

maintained at or above a predetermined value.

4, A method according to Claim 3, wherein the acid is HF, and the
25 concentration of HF within the diverted liquor is maintained at or above

400 ppm.

5. A method according to any of Claims 2 to 4, wherein the acid removal unit
is an electrochemical unit, and the acidity of the liquor is monitored at a
30 location upstream from the electrochemical unit and downstream from the

location at which the liquor is diverted to the scrubbing unit.



57. A net hod according to any of Jains 2 to 6, wherein the acid
renoval unit is an electrochem cal unit conprising an ion exchange
material (96) for absorbing selected ions fromthe |iquor, and across
which an electric field is applied to cause the absorbed ions to
mgrate through the ion exchange material into a separate solution,
and wherein the strength of the electril@-10field is adjusted

dependi ng upon the nonitored concentration. 8 A nethod according to
any preceding claim wherein the acidity of the liquor is nonitored
by neasuritg tmemetimdimncbrdmgltooénydxfeCIbtmthto Sowheeénthietivertaddiquor is
conprises a halide CI dit or ed usi

o1 ne. 15act dreyTiacya Shtads eS8 lspidh e FRH o2 Shal 3 e e
for treating aogaaﬁeatnﬁaanmm@tvﬂtmqura&cﬁ@ngédmweldctaﬁhbm@dlams
conprising: a gas scrubbing unit (10); 20an essentially closed |oop
circul ation system (20) conprising a punp (22) for circulating an
agueous sof Ubbimg et oRTIRY RS GhPSe 16 8ORNeRh Mletfid REASIH Ak
unit (48) for red&cHl ng tcﬁelacgbg?t)};&(? t he c+rcu %@ng %ﬁquor g an
exit port (24) |s’.@memctrecmemlgawrptrmmanmwa@iortdrpe:hang@meﬂerlaig%)lquOr
away fromt he 0 b t :
scrubbi ng unit g@ﬁ%ﬁ‘gd Qe(?(?cl:téﬂs’ Otn%%foqﬁﬁlég%? é'ﬂg%ééglg%/?vrqgét% elg?t\fgrf s
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dissolution in the. diverted |i and n out | th h whi ch
the i ver ted | TAIGHAIIoR SRERE S iodsnd et Bis HiTeH of HEReoo0d
| oop hgvi ng anﬁél’dﬂlé}édj@@féd &e%@ndfr?upfcﬁptﬂb\ﬁhé}gtolrédlé@{ceﬂtréﬁmrged from
t he scrubbing unit; 30a device (46, 54) for nonitoring the acidity of
the liquor at a | ocation within the closed | oop; and - 19 -
controll erg (52 fefeflEtha S dHit Vo Hhe |

| i quor depend| %gﬁlgg!gﬁoétyﬁé% q}@%ﬁy@eggﬂﬂ tﬁ{aﬁ}gt\?o#&t o cont r%o e 1(51%1'
solubility of ishmositdred byangamueing the conduddisidy ef thedinuer, ohimhen Hilee aCId
diverted li quof, comprises a halide, the acidity of the liquor is monitored using an on-line

15 acidity analyser, such as a halide analyser.

9. Apparatus for treating a gas stream containing an acid and solid
particulates, comprising:
a gas scrubbing unit (10);

20 an essentially closed loop circulation system (20) comprising a pump
(22) for circulating an aqueous scrubbing liquor around the closed loop, an
electrochemical unit (48) for reducing the acidity of the circulating liquor,
and an exit port (24) for diverting a proportion of the circulating liquor away
from the closed loop to the gas scrubbing unit;

25 the gas scrubbing unit having a first inlet (16) for receiving the
diverted liquor, a second inlet (12) for receiving the gas stream for
dissolution in the diverted liquor, and an outlet (30) through which the
diverted liquor is discharged from the scrubbing unit, the closed loop having
an entry port (26) for receiving liquor discharged from the scrubbing unit;

30 a device (46, 54) for monitoring the acidity of the liquor at a location

within the closed loop; and



Apparatus according to Claim9, wherein the controller is configured
to either maintain the acidity of the diverted |liquor at or above a
predeterm ned val ue, or maintain the concentration of HF within the
diverted liquor at or above 400 ppm Apparatus according to any of
Clains 9 to 10, wherein the device for nonitoring the acidity of the
liquor is located within the closed | od®-upstream fromthe

el ectrochem cal unit and downstreamfromthe exit port. Apparatus
according to any of Clainms 9 to 11, wherein the entry port is |ocated
within a storage veasehtroBs)(5pyfovcadling theeedicimadftuopcididof thewhi ch

the Iiquor discharged fromthe scrubbing, unit es, W t

i scharged 1 r ol e RReBE PRotE e SIEATE SlispalaldiotanpbiyRlupiiny
of Cainms 9 toolthe sWidrchiponBAt faké ¢as istreint Within gendiveteEidae. neasure
the conductivity of the liquor, or the device is an online acidity

anal yser, such as a halide anal yser. Apparatus according to any of
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el ectrochem ca y regenerat ed 1 on exchange unit. Apparat us accordl ng
to any of O ai sh® mainiain thehagidihhofithe dilegted ligubreati ar alboumiatpredetprmised

an i on exchanggo it e halnidf e Lot ARSRELAAF AL O TRyl 008 [aPLl e

| i quor, and across’ whicnh an e rc Is a cause the
absor bed ions above gd@ppmt hr ough the ion exchange naterlal into a
separate 30sol ution, and wherein the controller is configured to
adjust the strength of the electric field dependi ng upon the

noni t aped 1qonc ARpaRdiPAccording to any of Claims 9 to 10, wherein the device for
monitoring the acidity of the liquor is located within the closed loop

upstream from the electrochemical unit and downstream from the exit port.

12.  Apparatus according to any of Claims 9 to 11, wherein the entry port is
15 located within a storage vessel (34) provided in the closed loop and in
which the liquor discharged from the scrubbing unit mixes with liquor

discharged from the electrochemical unit.

13.  Apparatus according to any of Claims 9 to 12, wherein the device is either
20 configured to measure the conductivity of the liquor, or the device is an on-

line acidity analyser, such as a halide analyser.

14.  Apparatus according to any of Claims 9 to 13, wherein the electrochemical

unit comprises an electrochemically regenerated ion exchange unit.

25
15.  Apparatus according to any of Claims 9 to 14, wherein the electrochemical
unit comprises an ion exchange material (96) for absorbing selected ions
from the liquor, and across which an electric field is applicable to cause the
absorbed ions to migrate through the ion exchange material into a separate
30 sclution, and wherein the controller is configured to adjust the strength of

the electric field depending upon the monitored concentration.



