WO 03/ 082444 PCT/ GB03/ 01356 1 Exhaust Gas Treatnent This invention relates
to the treatnment (scrubbing) of exhaust gases and, nore particularly, to

t he treatwens/oeis4d hal ogen or hal ogen-cont ai ni ng exhaust @EEIBEEB3f00356
exanple, in the sem conductor industry. The renpval of hal ogens from
exhaust gases is widely practised. The utilisation of, or generation of,
fluorine in certain sem conductor protesses has becone increasingly 10
comon in recent years. However, fluorine is a very toxic substance, being
an aggressive oxidising agent and having a threshold limting value (TLV)
of lppm Attenpts to scrub fEuesii8e #hthTaabigahct enperature water -
primarily to form hydrogen fTuoride (HF) - have 15 generally not been
successful in that fluorine reaction rates with water are relatively sl ow
and usual |y res It In high 1 ssLon r ttenpts
have been nade oéiﬁ%Y%@%l%%ergy%?é%eﬁ%yé%g E%%QE&QEt!@%a #%gggrocégs n?or
exanpl e tégh&est ngaséstimed, 20oB€r phbet cud & hl gpdi einthy de oxa theeiNa€H) or
pota55|un1h dr oxi de (KCPD but, although this roduced reater_ fluorine
abat efentPategert @0 Rl %9%%r9°%?@hn%%%v%¥§?% of2S¢he g@%o??ﬁﬁp}% oxygen

difluori d?n({:fg)sc‘é‘ﬂi&@n&éc@of’e{ﬂduéé’ﬁzc by-product. 25 As a further

exanpl e, ammoni a - In gaseous form and as anmoni um hydr oxi de - has
been used as aﬁhetrQQOV@l ohehabveens cf ubbeexhioveverseahi bsvidet¥Bducti on
inthe fluorj ont vas fou t fornatlon of anp fluoride
oocurs wHPERCTESR HEEheSPE AR or e T naorehatt B P ont T her i Lbber

in certaln semlconductor processes has become increasingly

10 common in recent years. However, fluorine is a very toxic
substance, being an aggressive oxidising agent and having a
threshold limiting value (TLV) of lppm.

Attempts to scrub fluorine with ambient temperature
water - primarily to form hydrogen fluoride (HF) - have

15 generally not been successful in that fluorine reaction
rates with water are relatively slow and usually result in
a high emission rate from the wet scrubber.

Attempts have been made to improve the efficiency of
the wet scrubbing process, for example the dosing of the

20 scrubber with sodium hydroxide (NaOH) or potassium
hydroxide (KOH) but, although this produced a greater
fluorine abatement, resulted in a very high conversion of
the fluorine to oxygen difluoride (OF;) which is a very
toxic by-product.

25 As a further example, ammonia - both in gaseous form
and as ammonium hydroxide - has been used as additive to
the water scrubber. However, whilst a reduction in the
fluorine content was found, the formation of ammonium
fluoride occurs which is emitted in the form of a fine fume

30 from the scrubber.

In the semi conductor industry, fluorine containing

species are used to clean the wafer making production



In the sem conductor industry, fluorine containing species are used to
cl ean the wafer nmaking production WO 03/082444 PCT/ GB03/01356 2 chanber
after a fwbrBdepaesiti on step. Gases |like SiH4 (silane) amdTasBwHIZE6 ( NH3)
may be used to deposit a filmof silicon nitride on to the wafer. The
cleaning step (NF3, F2 etc.) is used after several cycles of deposition
have 5 taken place. The downstream equ?pnent, including vacuum punp and a
gas abat ement system needs to be capable of handling both deposition and
clean gases in turn. There is a need for an inproved nethod/ apparatus in

10 which hglaeepsaredd gspethahbyodl tobhnsregan besésenird simye
efficiently and effectively so as to neet the increasingly stringent

regul ati ohsilenat deng amsodiaptNBi). "B herdredhdlogiarosist wedierdin to

i ncl ude bot h. I I hal ogen gen i di hal i des.

15 SiniIa%fgfcgﬁeg§§¥%$gf?%ogﬁn%ﬁggggﬁégd h£$§r§9%%g§% I%géﬁbéﬁﬁ”nnlecular
fl uori ne pncdd Uorinersadhpoivws,sdaveetaldidyrldd waf ideosimniacdorndance with
the invention, there is provided a nmethod of scrubbing a

hal 0gén- cb#f e nPhdCGas stream 20 conprising contacting the gas streamwith

water at a te@HQrQBHﬁQtPEaﬂte&@%ﬁ&eé@?-igbfu&@ﬁgrvééﬁﬂﬁrﬁ&MﬁeaHBYa
advant ageously be at l|east 35C° Preferably, the "tenperature of the water

is not nogastabatéded: spseempreéedabty PeoeapsiclecoBocnfbingxhaphe 40 to

80C. 25 Ige i nvention ?ag %articglar.apglggation to the scrubbing of
mol ecul ar SFPROFFhE™ (#2Y. CIheP e3P hy tHe F&lperature of the water in an F2

There is a need for an improved method/apparatus in
10 which halogens, and especially fluorine, can be treated
more efficiently and effectively so as to meet the
increasingly stringent regulations regarding its disposal.

The term “halogen” is used herein to include both
molecular halogen and halogen compounds, including halides.

15 Similarly, the term “fluorine” is used herein to include
both molecular fluorine and fluorine compounds, including
fluorides.

In accordance with the invention, there is provided a
method of scrubbing a halogen-containing gas stream

20 comprising contacting the gas stream with water at a
temperature of at least 30°C. The water temperature may
advantageously be at least 35°C. Preferably, the
temperature of the water is not more than 100°C, more
preferably from 35°C to 80°C, for example 40 to 80°C.

25 The invention has particular application to the
scrubbing of molecular fluorine (F;).

Increasing the temperature of the water in an F,
scrubber might have been expected to result in an increase
in the vapour pressure of the F; in the gas (F, (gas)), with

30 the consequence that the rate of dissolution of F, in the
water (to give an F, concentration of F; (ag.)) would

reduce. More particularly, it might have been thought,



scrubber m ght have been expected to result in an increase in the vapour
pressure of the F2 in the gas (F2 (gas)), wth 30 the consequence that the
rate of oweldlsa4uon of F2 in the water (to give an F2 comcerdBoanisdn of F2
(ag.)) would reduce. More particularly, it mght have been thought, WO

03/ 082444 PCT/ GB03/01356 3 based on the reduction in scrubbing efficiency
observed at elevated tenperatures in fhe scrubbing of acid species such

as HF or basic species such as NH3 with pure water, that the rate limting
stip was dissolution of the fluorine, F2 5 (gas), in water: F2 (gas) , F2

(ag. ) Thexddyesh oise hav@udoion ihadcr et g sd M yiendye dfseffegtdveness of
renoval of the F2 fromthe gas is inproved when warmwater is used. It is

bel i eved ¥rifatey bRMPHETEERS ail tHEE tFpERET af ACEHDRESHRS use i n
accordance, with i nyent i r [ F2. wi th er cording to
t he equat?%\r,lgl; 1 gaérfléflz%%{%%r %%&oag%u@% 5’@3 I I%fll\.é‘el rvlvag\g%ts’e&&%%ce, F2
(aq.) is tm ntateaedimitelayisely waw dfssmurt ngn eof etlat | Velgrinmgh Fat e of
upt ake 2? of F2 (gas) by the water. The conpeting reaction of F2 to form
oxygeR di {93 i d&? (%@ %S%oured at | ow tenperatures over the conversion to
HF, but it has been found by the inventors that at el evated tenperatures
of 30C and above the reaction to give HF predom nates. 25 Heating of the
wat er can be effected by traditiBndBaspethéds(ddndl udi ng i mersion heaters
within a hot sunp in the scrubbing apparatus or on-line heaters in to the

punped

The inventors have found that, surprisingly, the

10 effectiveness of removal of the F, from the gas is improved
when warm water is used. It is believed that may be
because at the temperatures of above 30°C used in
accordance with the invention, reaction of the F; with
water according to the equation:

15

F, + H0 - 2HF + %0,

occurs readily. In consequence, F; (ag.) is maintained
relatively low, favouring a relatively high rate of uptake

20 of F; (gas) by the water. The competing reaction of F; to
form oxygen diflouride is favoured at low temperatures over
the conversion to HF, but it has been found by the
inventors that at elevated temperatures of 30°C and above
the reaction to give HF predominates.

25 Heating of the water can be effected by traditional
methods including immersion heaters within a hot sump in
the scrubbing apparatus or on-line heaters in to the pumped
flows. Whilst the method of the invention can be used for
scrubbing any halogen gas, it may offer particular

30 advantages in the scrubbing of fluorine-containing exhaust

gases.



flows. Whilst the nmethod of the invention can be used for scrubbing any
hal ogen gas, it may offer particular 30 advantages in the scrubbing of

fl uori ne-wonBasitng exhaust gases. WO 03/ 082444 PCT/ GBO3POIREM3/0M35¢he
water may be in the formof water vapour (or stean) with the hal ogen and
steam being adm xed in the process. The water may, if desired, include
added ingredients to enhance the renmo¥al of hal ogen and ot her 5 substances
fromthe gas streamlIn a preferred enbodi nent, the process of the

invention can include a hot stage and a cold stage. In the hot stage, the

hal ogen gas Withe Pkt &F endy abé yid eged Fbih of heathwt wWat®ir busrthe gas flow
will tend to becone 10 saturated with water. In the subsequent second

stage, tderamkanipe bhe ciabedsn ARGNBRA™ oPe bl Bk kN a®nia  and, in
r educi ngocgleé?ggg. teﬁpgr‘gz%tlf.lélg,mg{ ,ati§t<ff’§§jk¥%é,l ﬁﬂé’ﬁ?de a dedyction in the

entraine er vapour. s general nown that, where silane is present
in 15 t hengxddlstt gase éhleaprovilse arendvah af rhall dgen coandtageers usef ul
to prevent fire/exglﬁ}gion which is normally added to the inlet of a wet

t

scr ubBer . SHOReRRTE TR t92e TEFHR  shown to reduce the capacity of

the wet scrubbgy begauperiia émsseansst | henyobr@isd Cof loyerate and reduces
the contact 20 tine in the scrubber of the gas(es) to be treated. Silane

(Si H4) isinveyrbphorse fasludxperhehcetadevendthagold siaagme i Enpflksent at
oo AP BBl L e O BT8R, WAL ko ol
the hot water but the gas flow will tend to become
10 saturated with water. In the subsequent second stage,
there can be an effective removal of gases such as ammonia
and, in reducing the gas temperature, that stage will cause
a reduction in the entrained water wvapour.
It is generally known that, where silane is present in
15 the exhaust gas, the provision of an air dilution stage is
useful to prevent fire/explosion which is normally added to
the inlet of a wet scrubber. However, this practice can be
shown to reduce the capacity of the wet scrubber because it
increases the volumetric flow rate and reduces the contact
20 time in the scrubber of the gas(es) to be treated.
Silane (SiH,;) is a pyrophoric gas. Experience shows
that if silane is present at > 2% in a gas stream it has

the potential, on contact with air, to react to form:

25 SiHy + 20, - S1i02 + 2H,;0 + heat

(air)

By causing the air to mix with the silane-containing gas
stream in a cyclone the larger particles formed by the
30 reaction may be removed from the gas stream.
Should the air addition to the silane-containing gas

stream dilute the silane below its pyrophoric limit then



By causing the air to mx with the silane-containing gas streamin a
cyclone the larger particles forned by the 30 reaction nmay be renoved from
t he gas swoaams24houl d the air addition to the sil ane-contParGBIg/0gss
streamdilute the silane belowits pyrophoric limt then WO 03/082444

PCT/ GB03/ 01356 5 the gas will not further spontaneously react in a violent
manner. |t has been found with the protess of the invention, in
particular, that treating the silane by addition of air 5 after the wet
scrubbing stage allows for a | ower mass flow and hi gher contact tine for

the hal ogane ohdnuedn higherfurBssr eipatdateaigl aredder i of evisl émel uded in
the silane flowto ensure the safe oxidation of the silane and
m ni m satfMgHGf - t he tenperature rise resulting fromthe 10 oxidation. Thus,

the method of fing,d DVl HLIRY FATPIIRESrded £a5E G2 [AdNEI AT eat ent

step, follow ng ep o contacting w water at a tenperature of at
| east 30Gn pgehetiatulaasttione frrdtierg trleatsEirnastizp athiant ayevlusd yr

conpri_ses step of contacting the gas streamwth ter_at_ 15

Lonperat (FEF O RS SV hai SO0 ISRy COUSTSP riot™ br B2V Chale S5 L Ahd

pref er abl yh Noti AL A R0G i ANdi Y Ehestiefl og¥n di | Mthieh teygas stream
with a diluent gas, preferably air. \Wiere present, the dilution step may

advant agewss yof bedded rald @ herelgns die devdeded Gie Bhg tblag or m of
20 cycl ongy devi £ 8, eserd heged ool S oRsAn fat epfa pegid | cation ho.
1023932A. e invention also provides an apparatus for scrubbing a hal ogen
from a gasirsiniesds it i tShd ot @mprta twaisd r s ubdssunle g nfyesm i thevhi ch t he
gas ﬁ%re%&iﬁfgkfgifx”¥ﬁﬁgfohe method of the invention may comprises
at least one further treatment step, following the step of
contacting with water at a temperature of at least 30°C.
The at least one further treatment step advantageously
comprises a step of contacting the gas stream with water at
15 a temperature of less than 30°C, advantageously not more
than 25°C, and preferably not more than 20°C, and/or a step
of diluting the gas stream with a diluent gas, preferably
air. Where present, the dilution step may advantageously
be carried out in a cyclone device. One suitable form of
20 cyclone device is described in our European Patent
Specification No. 1023932A.
The invention also provides an apparatus for scrubbing
a halogen from a gas stream, comprising a hot wash
scrubbing chamber in which the gas stream can be contacted
25 with a hot wash flow of water, a water supply device for
supplying to said hot wash scrubbing chamber water at a
temperature of at least 30°C, a source of a halogen-
containing gas for supplying to said hot wash scrubbing
chamber a gas stream containing the halogen and an outlet
30 from said hot wash chamber for treated gas. The apparatus

advantageously further comprises a cold wash scrubbing

chamber downstream of said hot wash scrubbing chamber, a



25 with a hot wash flow of water, a water supply device for supplying to
sai d hot wash scrubbi ng chanber water at a tenperature of at |east 30C, a
sour ce ofwe obasmgen- containing gas for supplying to sai dPOOIGBOASIBS6
scrubbing chanber a gas stream contai ning the hal ogen and an outl et 30
fromsaid hot wash chanber for treated gas. The apparatus advantageously
further conprises a cold wash scrubbing chanber downstream of said hot
wash scrubbi ng chanmber, a WD 03/ 082444 PCT/ GB03/ 01356 6 cold water supply
device for supplying to said cold wash chanber water at a tenperature of

| ess t han30EC, wa e £ 0TRWI ¢ add-PicPatdwayud ry inansposd i @f cé e wasat ed gas
from the outlet of the hot wash chanber into the cold wash 5 chanber, and

annbogft I etCHQSt}tbeeI;éfaﬁﬂ'e@r ls 4 riepmperat wot Phakdes cHametC°$n dne advant ageous
enbodi nmen i I t ]3{_\@§h: S i haobh S anged
above theé%ﬁuﬁhg%%{%grr%%%%yc (grnbc‘gl#%l or a %#gér nlgjﬂger St%%él nfglat(r):ﬁrl t he

i nvent i onphe efetlefceof 1thav hdt neaslbechmdesr bintvayclod exkbdpbadh cati on only,
to the acconpanying drawings, in which: Fig. 1 shows in_schematic form an
appar at usc}?%?be%'ar%rﬁlr@“o%‘ﬂgjo%% E‘b‘f MR O3 fcsﬁor? HAT AV o"ﬁ"‘,‘sch Fig. 2a

i's perspegidise Vi ew f&om aboye: Medudasniuinansiof @id angesmidoh or use in
the apparatus of Fig. 1; and Fig. 2b is a side view of the arrangenent of

Fig. 2a. th¥ tdridkfwasncecrebhirg dratibry bpprreanagcdfabeiee (i dret on
conprises_a .bod having in the base thereof a 20 water tank 2 divided in
to two paft¥ 3?%'29]1% nﬁ%a%%ao % separator 5.

For a better understanding of the invention, reference
10 will now be made, by way of exemplification only, to the
accompanying drawings, in which:

Fig. 1 shows in schematic form an apparatus for
carrying out one form of process of the invention;

Fig. 2a is perspective view from above of a gas

15 transfer arrangement for use in the apparatus of Fig. 1;
and

Fig. 2b is a side view of the arrangement of Fig. 2a.

With reference to the drawing, apparatus of the
invention comprises a body 1 having in the base thereof a

20 water tank 2 divided in to two parts 3, 4 by means of a
separator 5.

The part 3 acts as a water sump and is adapted to hold
cold water, for example at 15°C, and the part 4 also acts
as a water sump and is adapted to hold hot water, for

25 example at 35°C to 70°C. Part 4 comprises an outlet (not
shown) for periodic withdrawal of water from the system.
Part 2 comprises an inlet (not shown) for periodic
introduction of fresh water. The tank 2 possesses
electrical heater and control means (not shown) to maintain

30 the water at these temperatures. Although not shown in the

drawings, an insulating wall, which may be in the form of a



The part 3 acts as a water sunp and is adapted to hold cold water, for
exanpl e at 15C, and the part 4 also acts as a water sunp and is adapted to
hol d hot watoans24ior 25 exanple at 35C to 70C. Part 4 conpPCIasBoan1sat | et
(not shown) for periodic withdrawal of water fromthe system Part 2
conprises an inlet (not shown) for periodic introduction of fresh water.
The tank 2 possesses electrical heatef and control neans (not shown) to
mai ntain 30 the water at these tenperatures. Al though not shown in the
drawi ngs, an insulating wall, which may be in the formof a WO 03/082444

PCT/ GB03/ @356 waOpubhel ¥ed hg ese| Dssuds Bnd Nsit apddige @) rmapcket , may be
present between parts 3 and 4. Situated above the tank 2 within the body 1
is a two PHRgenpilexereenvierrhavd Pd $ower part 6 and an upper part 5 7.

The | ower parto . [1as.@ REGIOMahe DALE OMWRLA: £3 nd QUGN wh ch wgber drai ns

back into tank pper part is separated fromtower part 6 by a
separ at i opa=at rraciesdnt oweleslcaviveg del ovemi part ef exmdican t wppey. p2rt The | ower

part 6 and upper. part 7 are filled wt ckings whi ch. provide 10
di strifbut{on ﬁﬁ%n%‘g"t’%ri%aﬁ%lc% lb%?taf%?r{]%%%? O]W(’J%tfor{}va“t’%}f %)%Er et hrough (and
in good C@HgéﬁﬁhtWEH@ﬂ“%Qﬁefn@ﬁ@ﬁﬂge@écpfinﬁ@et&ﬁmei.pamﬁpéﬂQéyﬂing

a

channel s to ow the water to be returned to the tank 2. The packings are
of a nat ek afepamatied Hoon eheed cadrantl Phet ng¢P3eat sPRANRErargRRKanpl e, 15

oo Yor DB 0 U1 LB, KL 0L, 031 p 00y, o i 3,001 voLure
and 7 hasaibemppetnshrt 07 berpaf il ted avi tyh spidlabhes i whpelacpreeidal t hough
hi ghe::Lro aé]:{jsérgjy\bel.rltivgrildcl}l/grlll}ljenfss {Tr?'yeaaclzgopatl)ft u?oeng'tk?g ]):A?gwocfaf water
therethrough (and in good contact therewith) independent of
the other part including channels to allow the water to be
returned to the tank 2. The packings are of a material
having good chemical and thermal resistance, for example,
15 polypropylene. A proprietary packing of polypropylene
giving a void volume of approximately 80 to 90% of the
total volume in each of tower parts 6 and 7 has been found
to be particularly suitable in practice, although higher
and lower void volumes may also be used. By way of
20 1illustration, the total volume of the parts 6 and 7 may be
about 0.1m® distributed in a ratio of 3: 1 between the
lower part 6 and upper part 7, although in practice a wide
variety of different volumes and distributions may be used.
Two pumps 8 and 9 are provided to pump water from the
25 cold water tank part 3 and from the hot water tank part 4
respectively in to the distribution channels of the upper
packed tower upper part 7 and distribution channels of the
packed tower lower part 6 respectively.
An inlet 10 is provided in the body 1 for the entry of
30 an exhaust gas stream in to the body 1. The inlet 10 is
adapted by means not shown to provide a combined aqueous

liquor and nitrogen gas “curtain” in water to prevent any



20 illustration, the total volunme of the parts 6 and 7 may be about 0. 1n8
distributed in a ratio of 3: 1 between the |ower part 6 and upper part 7,
al t hough wo optosaasd ce a wide variety of different vol unesPem@GRIBSIISEbuUti ons
may be used. Two punps 8 and 9 are provided to punp water fromthe 25 cold
water tank part 3 and fromthe hot water tank part 4 respectively in to
the distribution channels of the upper® packed tower upper part 7 and

di stribution channels of the packed tower |ower part 6 respectively. An
inlet 10 is provided in the body 1 for the entry of 30 an exhaust gas

stream i ipda 1dhel Hodybloclige | h@tod 0 i uondepileds byediRams twbasti®wn to
provi de a conbi ned aqueous |iquor and nitrogen gas "curtain"” in water to

prevent die \WhawEperg 2 gvipcTh | BB NBIHR T | RIPER TS Brdck@ge and/ or

| i quor b%é‘c‘ﬁfﬁ?@? ng towards the chanber in which the sem conductor
processing 1s octurring. An outlet 11 is also provided in the body 1 for
the 5 exitinq@ofowabetstIeain fabso twobiotsd 1in Alpe peody? 1ifdes the outlet 11

with a cyclone 13 jn to which the s stream flows. Any pyrophoric gas in
the Str&dmMt¥ed %ﬁa?ﬁﬁesg?%lﬁe%f%wﬁi%%}%%g}rsed or heavily diluted with

air provided by gpaiis b ones due dapernch no apidY 4 heysidaderzoncerdration
in the gas stream Any particulates forned during oxidation (silicon

oxi des i nhtieh Wasegat strese)flews be Any Iwcrerheric eapake Biethe cycl one
13,0300 14, 20BN ODEL RS, ghel 008, L1 0 AP A0 Sl 2uf e ey dp) iR he
parti cul adEsutwed® wikilai fipd proeidde harkn 2511t Hobevemyl 4 ndgeendhey on
reCIE%U|%5§S silane concentration in the gas stream. Any
particulates formed during oxidation (silicon oxides in the
case of silane) can be collected at the base of the cyclone
13 (and if appropriate drained in to the tank 2 via the
tube 15) with the treated exhaust gases exiting from the
15 cyclone 13 via the tube 16. Where particulates are
drained into the tank 2, those may in part be recirculated
with the water to tower parts 6 and/or 7. For that reason,
the pumps 8 and 9 are preferably mechanical agitative pumps
where the particulates are returned to tank 2. As a
20 result, any large particles or agglomerates will be broken
up by the pumps and the resulting small particles can flow
in suspension through the tower with little or no
deposition occurring.
Referring to Fig. 2, a separation arrangement for
25 dividing tower parts 6 and 7 is shown. The separating
arrangement comprises two vertically spaced, coaxially
arranged plates, comprising lower plate 14 and upper plate
15. Lower plate 14 forms, in use, the top wall of tower
lower part 6 and the bottom wall of tower upper part 7 and
30 has a multiplicity of risers 16 which provide communication

passageways for the gas from the lower side of plate 15,

that is, from tower part 6, into the tower part 7. Upper



with the water to tower parts 6 and/or 7. For that reason, the punps 8 and
9 are preferably nechanical agitative punps where the particulates are
returned wo osasde4f. As a 20 result, any large particl es oPCAgLBOHOEISaL €S
will be broken up by the punps and the resulting small particles can flow
in suspension through the tower with little or no deposition occurring.
Referring to Fig. 2, a separation arrahgement for 25 dividing tower parts
6 and 7 is shown. The separating arrangenent conprises two vertically
spaced, coaxially arranged plates, conprising |ower plate 14 and upper

plate 15.ploveripl s esddpdotd®, ih nclsegowde Bppsuwbdrofméaner (ndtower part 6
and the bottomwall of tower upper part_7 and 30 has a mJItiLPIicity of

risers 16SKPWh Vi deateohfuht caRd o pasQRdeitiysorer Rhetgakt fRont t he

| ower si de. L at t [ fromiowef Pt fseitpsthe tower part 7.
Upper V\Ddtg%%aggﬁiﬁ%%eéo%rﬁ%ée 9@% ate 15 1s l'Fsup(?)orted' in the tower by
support meemsidinng fehoawn)lsacimtddietivees Spacgopdr oexthenltonert pl ate 14
by a distance greater_than the height.of the rjsers 16, roviding for a
cl ear @ncefHet ekt Y HEUpple? ké?(?‘?%‘ﬁj ?qi/r%?c% Oeéc% <?tresejrgandUI{’)]% F JotTom
surface ofgs Rt forldredPRr c PERLBar | SpPRrd LAt 7, byh&i T6eh @ioaPsf tikies 17,
the location of the perforations being such that they are not in register

with thepeyberat 1ens Treiny apetler tFt dpeY (A%S 1Tt | ¥ pFeI &Y ywithwer than
the interfial dAIRLCle Of fhSChPad:of o Mpexalil e 14 NE gPRLLLESS )T TBY
a mm ers a

have a di aneter o out and the ri an I nter I anet er of
about 25mMawdyr tthiah nalge Dutéetal ndtamdtoym)of srisews dedl. f aFor enoval of
wat erlOCO|el>?a?rE1glneg, Otnhé haepégt?uggsrf]?'%ema%; lg.at]'\?e pa|1 acﬁieargfgtie;rhoa about lémm
and the risers 16 an internal diameter of about 25mm. A
drainage outlet (not shown) is provided for removal of
water collecting on the top surface of the plate 14. That
water, the temperature of which will typically have been
15 increased slightly during passage through upper part 7, is
returned via a conduit (not shown) to tank 4. The
separation arrangement permits the gas stream to pass
upwards from part 6 into part 7 whilst water penetration
from upper part 7 into part 6 and entry of the packing into
20 the risers 16 (which could hinder passage of the gas) is
substantially prevented.

In use of the apparatus shown in the drawings, an
exhaust gas stream is pumped from the semiconductor
processing chamber (not shown) by means of one or more

25 vacuum pumps (not shown) in to the inlet 10 and thence in
to the tower lower part 6 of the packéd tower where it
contacts the hot water pumped through the distribution
channels formed in the packings thereof by means of the
pump 8. The water flowing through tower lower part 6

30 returns to the tank 2 via the perforations in the bottom

wall of tower part 6.



water, the tenperature of which will typically have been 15 increased
slightly during passage through upper part 7, is returned via a conduit
(not showwp oBosmank 4. The separation arrangenment perm t CrheBogas3sst r eam
to pass upwards frompart 6 into part 7 whilst water penetration from
upper part 7 into part 6 and entry of the packing into 20 the risers 16
(whi ch coul d hinder passage of the ga3f is substantially prevented. In use
of the apparatus shown in the drawi ngs, an exhaust gas streamis punped
fromthe sem conductor processing chanber (not shown) by nmeans of one or

more 25 vacuunripsrpss € Aobusiemmhdihd s tihe dmd edowldy anek thesticechar to the
tower |lower part 6 of the packed tower where it contacts the hot water
punped t Hsu@kRAES i ST | PRIBEAE Hfe| FEDF ndtf | HE I Hel PG hgs t hereof by

f . j tbs 30
means o gﬁlde,h% an?(ﬁzt@%q%lefe%@"wf&ftéHé)%éPWeA OMET - A dc s

returns to t Vi a orations in the bottom wall of tower
part 6. Whé3SBP 4t ACTHEROSE OIB56 t b udle Wi stearbutdébritlohanmed s9in t he

tower are such_that .the exhaust s steam can then enter di stribution
channél s of t Qg PP Ok %‘ghet o%%"?e]\'/\%%w‘ﬁ Rt ae’gt%E hﬁhee col d wat er
punped t hesatdy oughe byi reahs Ofe thandkp & H1ddiel iy, pERase: afidihe tower
| oner part 6 of the packed tower is for the renoval of fluorine by contact

with thehmthalatertencred ahyaparkd cul atad ehtenli e eh 1the-nstream The
packed § GRS iher oTHeeT et GO b1 (R e ey e Gt r UbbEY by
contact wiHd dfeecobslrt Wwat®f .the packed tower where residual gases
10 including ammonia are scrubbed by contact with the cold
water.
The resulting gases then pass to the cyclone 13 for
treatment as described above. Periodically, a proportion
of the water is drained from the system and replaced. That
15 is done by draining approximately 25% of the water from
tank 4, transferring a corresponding amount of water from

tank 3 to tank 4, and introducing fresh water into tank 3

to replace the removed water.



The resulting gases then pass to the cyclone 13 for treatnent as described
above. Periodically, a proportion of the water is drained fromthe system
and repl awed3/08aat 15 is done by draini ng approxi mately 2Pp@aaiBoBlessoat er
from tank 4, transferring a correspondi ng amount of water from tank 3 to
tank 4, and introducing fresh water into tank 3 to replace the renoved

wat er. WD 03/ 082444 PCT/ GB03/01356 111 Clains 1. A method of scrubbing a
hal ogen- cont ai ni ng gas stream conprising contacting the gas streamw th
water at a tenperature of at least 30 C. 5 2. A nethod according to claim
1, in whiglhaithe gas stream is contacted with water at a tenperature of at
|l east 35 C 3. A nethod according to claim1l, in which the water is in
the |iquil- phasenehod ¢t soduletd it M P HFM U2 IRFFIRH $HESYBS stream

10 s CONUGRLEM: M Mo IRLLL YAPOMe as LRI, BOLOILLLD Lo gy one of the

preceding clainms, ~in gas streamis contacted wth water at a

t enper at utempdrdtrone 36 Git 01880stC.3%. A net hod according to any one of the
preceding clains, 15 in which, follow n aid contact with water at a
tenperat ufe of® dtetad2%e° ,l‘??\et%a%l%ltrge_ m13 ‘glihjo‘f g 9% %'_fr?%ﬁs_t one
further t{geatsflceiEPwith Mat®thod Accanshd AgcdLe ORI At 6leddt Whé chesai d at
| east one further treatnent step conprises contacting the gas 20 stream

with wat e¥- at A nerped aaeeerding ess ¢hadm 30, Gngvhichethedvatedrddng to
claim6, jn v@écﬁ&ﬂg &gaéggst one further treatnent step conprises

diluting the gas
4, A method according to claim 1, in which the gas stream
10 is contacted with water vapour.
5. A method according to any one of the preceding claims,
in which the gas stream is contacted with water at a
temperature of from 35 °C to 80 °C.
6. A method according to any one of the preceding claims,
15 in which, following said contact with water at a
temperature of at least 30 °C, the gas stream is subjected
to at least one further treatment step.
7. A method according to claim 6, in which said at least
one further treatment step comprises contacting the gas
20 stream with water at a temperature of less than 30 °C.
8. A method according to claim 6, in which said at least
one further treatment step comprises diluting the gas
stream with a diluent gas.
9. A method according to claim 6, in which the at least
25 one further treatment step comprises a step in which the
gas stream is contacted with water at a temperature of less
than 30 °C and, thereafter, a step in which the gas stream
is diluted with a diluent gas.
10. A method according to claim 8 or claim 9 in which the
30 gas stream is contacted with the diluent gas in a cyclone

device.



streamw th a diluent gas. 9. A nethod according to claim®6, in which the
at least 25 one further treatnent step conprises a step in which the gas
stream i swoonwsated with water at a tenperature of |ess PharGEBG/0G5and,
thereafter, a step in which the gas stream is diluted with a diluent gas.
10. A nmethod according to claim8 or claim9 in which the 30 gas streamis
contacted with the diluent gas in a cye one device. WO 03/082444

PCT/ GB03/ 01356 12 11. A nethod of scrubbing a hal ogen-containi ng gas
stream conprising contacting the gas streamw th water, subsequently

treating 1he dRSmEtREAME Nserey6] 0fea deyisgehiconbathihg d8sdituéed, With a
di luent gas streamand 5 withdrawi ng separately fromthe cycl one device
solid paremeiaied naeetralingdtlhe t9Rat eEreRB Yikkan?taR: A nethod

accor di g0, chal 14 .10, WL fheco L COPELALULE OF obDEoMa! AEyL Se MR Nt i ned

at less th d acc rdlng 0 anyone 3, In
10 whi ch whecki ivehs gasutsdavith l4. dAluehthogaacsoreamgatd any one of the

preceding clains,, in whicht al ogen- cont ai ni n as streamis an exhaust
gas fPom EErRLHANRE of SRARRFS ¥u£€oml% eAFﬂ%f g%%b?%l %f g]any one of

the prec%ﬂé?@1@u?&@§,maééri&l“@h&h '@ré@@e@rggécgtﬁgé@r contacting step the
gas streamis arranged to be in generally counterflow relationship with

t he wat erl216.AAngehbddaacendiiagt® ockaann 16, innwivk¢lehthe the or each
e oo A8 P RS L PR 010 Bubraggenerally
13. A method according to anyone of claims 8 to 13, in

10 which the diluent gas is air.

14. A method according to any one of the preceding claims,
in which the halogen-containing gas stream is an exhaust
gas from semiconductor manufacture.

15. A method according to any one of the preceding claims,

15 in which in the or each water-contacting step the gas
stream is arranged to be in generally counterflow
relationship with the water.

16. A method according to claim 16, in which in the or
each water-contacting step the gas stream is caused to flow

20 in a generally upward direction and the water is caused to
flow in a generally downward direction.

17. A method according to any one of the preceding claims,
in which the halogen-containing gas stream is a fluorine-
containing gas stream.

25 18. An apparatus for scrubbing a halogen from a gas
stream, comprising a hot wash scrubbing chamber in which
the gas stream can be contacted with a hot wash flow of
water, a water supply device for supplying to said hot wash
scrubbing chamber water at a temperature of at least 30°C,

30 a source of a halogen-containing gas for supplying to said

hot wash scrubbing chamber a gas stream containing the



flowin a generally downward direction. 17. A nmethod according to any one
of the preceding clains, in which the hal ogen-containing gas streamis a
fl uori ne-womawsd4mi ng gas stream 25 18. An apparatus for PCTIGRIBOGBSA

hal ogen froma gas stream conprising a hot wash scrubbing chanmber in
which the gas streamcan be contacted with a hot wash flow of water, a
wat er supply device for supplying to s&i d hot wash. scrubbi ng chanber water
at a tenperature of at |east 30C, 30 a source of a hal ogen-contai ni ng gas
for supplying to said hot wash scrubbi ng chanber a gas stream contai ni ng
the WO 034 . PG4 GBO3M@IBS6 £ASh hed D@ evt angsancioatbet feem said hot
wash chanber tor treated gas. 19. An apparatus according to claim18,
further comatiedr@sa cold wash scrubbing chamber downstream of said hot
wash 5 scyubbi sUppd Vi sygm% ' to said
cold washfésj'cru i%ﬁ%se?a\g/\%%?l egoterrpet)f{a]tq%’r eﬁ?%t;}?%ress t %lting . a
comuni cad | @l Ppatdwiaysdoublb I amsqioatbeaf ddwrest remt edf gasid rloot teeslout | et of

t he hot wash chanber. into the co wash chamber, —and an_outlet for treated
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or claimgZ0,safArdhes COOM!&SHMo Phgash bkt i Pl i de | ) Wahsdrdderd r eat ed
gas can be diluted with a diluent gas. 21. An apparatus according to any
one of clef needd thwrR2030°dA5b & ncomiehi ¢del @pupaidhway af @pufeangport of

fluorine_§ﬁ£“€¥éﬁé¥%i%§§s from the outlet of the hot wash chamber
into the cold wash chamber, and an outlet for treated gas
10 from said cold wash chamber.
20. An apparatus according to claim 19 or claim 20,
further comprising a gas dilution unit in which the treated
gas can be diluted with a diluent gas.
21. An apparatus according to any one of claims 18 to 20,

15 in which the source is a source of fluorine-containing gas.



