WO 200 410 8 9 5 1 5 PCT/JP2004/ 004488 1 DESCRI PTI ON METHOD AND APPARATUS
- FOR TREATI NG EXHAUST GAS Technical Field 5 The present invention relates to

a met hod wpdoogRpasat us for treating an exhaust gas, angdq %ﬁm fn’&&d cularly
to a method and apparatus for efficiently detoxifying an exhau

containing a fluorine conpound which is discharged froma sem conductor
fabrication 10 process such as a dry-cl ehning process of an inner surface
of a sem conductor fabrication apparatus or an etching process of various
types of films such as oxide fil rrsDEB@BIEEE‘cImU Art 15 In a sem conduct or

fabrication pro CEN%S vapor
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(e.g., CHF3) - or perfluoroconpound (e.g., CF4, C2F6, C3F8, C4F8, C5F8,

CAF6, SF6, and NF3) have been used in a system In some 20 cases, CO NH3
or 02 may be used in a seni conduk®ernifabr Fdglichn appar atus. An exhaust gas

di scharged {rom gnescpicaadiot ar, /Al £at |4 appar alys whiglyegs Lhyorine

conmpounds, CO or NH3 I ncludes harnfu corrpone S suc
F2, COF2, @EP&ra(MF-% SpINFI rTheirghawst gashabsl sogampl udﬂsiflrm@rene

co ounds which a npt har nf ul af fect the gl oba Therefore,
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appar at us da&tldag.ﬁyuoglame OPOENdga 8rcbheainke @n Qfl‘iﬂdrqfi{@r@icﬁﬂl pound
at nosphere, ecgssary to det OXIfy a harnful gas 30 incl uded in the

exhaust ga¥ érr?él" all§o &SGbesgsske é%sa\/\mﬁﬁlcé’&@@@qme fglatata W@ Hi ng.

|n 2 auweptionals Wideh ok breathng &y s.¢(Si R O5E8.
CAF6, or NEB |ncS | uded in gn eXhaust WO 6%‘?’%%8% %f A it &2 sif¥ee
of a semiconductor fabrication apparatus or an etching

process of various types of films such as oxide films.

Background Art

15 In a semiconductor fabrication process such as an
etching process or a chemical wvapor deposition (CVD)
process, fluorine compounds such as hydrofluorocarbon
{(e.g., CHF3) or perflucrocompound (e.g., CFy, C;Fs, CiFg, C4Fa,
CsFs, C4Fg, SFs, and NF3) have been used in a system. In some
20 cases, CO, NHs or O; may be used in a semiconductor
fabrication apparatus. &An exhaust gas discharged from a
semicoﬁductéi fabrication apparatus which uses fluorine
compounds, CO or NH; includes harmful components such as
CO, NHs, SiF4, F2, COFz, CsFg, C4Fs, or NF3. The exhaust gas
25 also includes fluorine compounds which are not harmful but
affect the global warming. Therefore, when an exhaust gas
is discharged from a semiconductor fabrication apparatus
using fluorine compounds or the like an environmental
atmosphere, it is necessary to detoxify a harmful gas
30 included in the exhaust gas and alsc to decompose a gas which

causes the glchal warming.
In a conventional method of treating a harmful gas
(SiFy, F2, COF;, CsFs, C4Fs, or NHs) included in an exhaust



PCT/ JP2004/ 004488 gas, harnful conponents are adsorbed by an adsorbent such
as a synthetic zeolite. However, in this conventional nethod,

per f | uor ogaEpRWResisPFC) cannot be renoved fromthe exhg,%zlhggfﬁmmﬁégt her,

t he adsorbent needs to be replaced 5 with a new one perio 'y, resulting
in increased running cost. A wet treatnment apparatus (scrubbing process)
has been used to scrub an exhaust gas for renpbving a water-sol uble gas
and a hydrolytic gas such as SiF4, F2 or 10 NH3 fromthe exhaust gas.
However, sawh, ehascmibbi ngmpoocesss «xamreol s o eppdebgaapsatibatrbang soich

wat er - sol ubl e, such ,as, PFC. here has been proposed .a net hod of renpving
PFC from a?‘lseilha'clysf’thdbeagl% lzﬁogﬁr ius ?I.)?B’(?sve&?' chaI % ‘FBPVEBg&(?ﬂ?ggi ng
PFC. Howevigtyhbfl, thér € atiah-bonsoded efp it pteethno 3 d Remdps ottt og @imonent s
such as CO C5FB, and CAF6 nay be di scharged into the environnental

at nospher eexhaedtageby EBbtréhedot dlioraiiorPentt heedst &oybe repdasdths al so
b b [ F - | . CO
een pr 03@%@% ane! Qﬁ%_%ﬁ%é?ﬁ%‘a’ﬂf ge@hdlci%g%g&u' Qﬂcﬂé%"&\rg&&nn% or

may be pr as a gas,” ‘depéndi on"the co I'on
conditionscoStnce this nethod requires a fuel such as H2, natural gas

(city gas), or propape.,gas,, it _is necessary,to vi de equi pnent for

suppl ying the fL}%I‘B?Ie If-g%eﬁ]té‘?‘?nE éBﬁ’ﬁ‘lriactd{%d(BF5g‘i’g’slqgs Pgaﬁgﬁé& tbcf‘?ranage
the operatign. {dbere kas alsureah Proposedta gekhodoef 22nissarposd ng PFC
by a heating oxidative deconposition. However, in order to deconpose PFC
(e.g., CF4yatpatrspduluis ides and athietvp5¥tbe gacorpsseds &iFaxhBusit gas

Shoul do, s Lt DAL R iR o LRGSR gRtsod et 2
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an exhaust gas with wvarious types of catalysts for
decomposing PFC. However, if the catalyst is deteriorated,
15 then harmful components such as CO, CsFs, and C4F¢ may be
discharged into the environmental atmosphere immediately
after deterioration of the catalyst. There has also been
proposed a method of treating PFC by combustion. However,
NOxX or CO may be produced as a by-product gas, depending
20 on the combustion conditions. Since this method requires
a fuel such as H;, natural gas {(city gas), or propane gas,
it is necessary to provide equipment for supplying the fuel.
Further, a complicated process is required to manage the
operation. There has also been proposed a method of
25 decomposing PFC by a heating oxidative decomposition.
However, in order to decompose PFC (e.g., CF;) that is
unlikely to otherwise be decomposed, an exhaust gas should
be heated to a high temperature of 1400°C or higher. 1In
such a case, loads applied on materials and a heater in the
30 system become considerably large.
There has been proposed a method in which NHi, a lower

saturated hydrocarbon gas, or a lower unsaturated

hydrocarbon gas is added to an exhaust gas, and PFC is



3 PCT/JP2004/ 004488 deconposed by a heating oxidative deconposition w thout
free 02 gas. Further, there has al so been proposed a nethod of deconposing
PFC with @V(phﬁ@ﬂ@r#@ the presence of water (H20 . However. when PFC is

ul

deconposed, a har gas such 5 as CO or HF is producedP GATPZPHI0MEE NOK i s
al so produced. Therefore, it is necessary to provide a separate exhaust
gas treatnent apparatus for treating thg harnful gas and the thermal NOx.
The Japanese patent No. 3217034 discloses a nethod 10 in which water is

added to afe€XRBHSLAIASy COMhakRERg RBRG aAndyvEheR dip S Pedish gasniontheat ed
in the presence of oxygen to react with catalyst so that PFC is deconposed

or oxidi zefiree Homeasr, Elekthesxithevarhass ispésaf plamrsed acospdatts

such as hydrofl yo I .+ CHF3), .and. 15 rfl uoroconpou .q., CF4,
oo, " CamBE pdSRBBRIRY AR Yugag T e PO LSRRI et ounds
are heat ed(H{0) | h&opreasancaiain Watcei s desbr@lo ddiese hlautaride Lompasrds are
deconposed and hence_an aci d gas such as hydrofluoric acid is produced

when bei n@heaPedt EBnsdghERERFed Rece TSR 20% bF 0Bt 8 PROARSE S

heating segipRRf-ed 43S itd GALEIRHLaLINKo b3 oRAdLAed Yo ARLRCEG GRS ISUCh as
hydrof luoric acid. Disclosure of Invéntioh The present invention has been

made in vigasofrehéme2d apparatasbicks trertiing dreflbaeninlolpectarst t he
pr esent igﬁ/engc_lor% t Q{]&Vi de a nethod and apparatus for treating an
exhaust ga thiref t86es ot produce an acid gas such as hydrofluoric acid

at a heating secthenjabadegas dateai vend . Bankoandictadlbbes ar éeeMod he
heat i ng section of the gas, 30 _treatnent tank from being corroded by the
acid ¢%s. BRcBRéchgWed e aspdedobor RB prESMT iFRenErBhaindmg £5G

provi ded a,nBtHiod, Gind Sad 1o Y LAR2MSh1ERS1 n O Yl h e ld HOEen
conpound, the nethod conprising: WO 2004/ 089515

to react with catalyst so that PFC is decomposed or oxidized.

However, there exist wvarious types of fluorine compounds

such as | hydrofluorocarbon {e.qg., CHF3) and

15 perfluorocompound {e.g., CF4, C2Fg, C3Fg, CsFs, CsFs, CsFs,

SFs, and NF3). When such fluorine compounds are heated in

the presence of water, most of these fluorine compounds are

decomposed and hence an acid gas such as hydrofluoric acid

is produced when being heated. Consequently, thére arises

20 a problem in that a heating section of a gas treatment tank

is corroded by an acid gas such as hydrofluoric acid.

Disclosure of Invention

The present invention has been made in view of the
25 above drawbacks. It is therefore an object of the present
invention to provide a method and apparatus for treating
an exhaust gas which does not produce an acid gas such as
hydrofluoric acid at a heating section of a gas treatment
tank, and can thus prevent the heating section of the gas

30 treatment tank from being corroded by the acid gas.
According to one aspect of the present invention,
there is provided a method of treating an exhaust gas

containing a fluorine compound, the method comprising:



4 PCT/ JP2004/ 004488 heating the exhaust gas in the presence of 02; and then
addi ng H2O to the exhaust gas to deconpose or oxidize the fluorine
conpound. wioneoew/qmeefser red aspect of the present inventio orine
conpound i s deconposed or oxidized in the presence of ari)ccr:ﬁéjt%g?o;ggagﬁjt er H20
I s added to the exhaust gas. In a preferred aspect of the present

invention, a nethod of treating an exhéust gas further conprises: before

t he heating, renoving at | east one of a powdery conponent, 10 a

wat er - sol ildad icogrpbhenexhand ta dydr dhytihe qunpeaent orford: it ten@xhhest gas.

In a preferred aspect_ of .the present inventi,on, a nethod of .treating an
exhaust g&éideQfTngso W%f@&%‘ﬁfﬁrgaf’hgof PﬁSPWé’sceoer%Lﬁf&l‘ii%zae%éﬁposed
or oxidi zed, d-eimyi egmpbuad.aci d gas, which is produced when the fluorine

conmpound is deconposed, fromthe exhaust gas. According to the present
i nvention descrilfe@ BFAAETTH 25RRASt °§asheoRraiseniy I ¥eRBEPRe EBRPOUNd

I s heat ed . - [ I 1.0 0
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t he exhausif gascatThgstf afdersilte mtaddedots tbe exlsausnh ghe-heating
section, an acid gas suc ydrofIJEJ)ogigc cid is not produced even when
r ~oxi

the fluorine cdfpdundtf 9338 1o it S R ERELEr ARG T He 25

heating sefdiidict BrewetrRf ahl eAhheishdgs 8r foeele BYcdmp Yy deefl:l HeEbgeaci d
gas. 02 is heated sufficiently by the eating _section after being added to
t he exhausthgydseaiig, trRIROWAREr aksla@8ECRe ¢ he SANRARTY RRTPANERA TH20

addi sectiqQn... T. e ori s .d
oXi ding%d %Hagbernt%}ii‘g%f% he (\?\fﬁléblrﬁéa%ﬂgi%e 90? tﬂgt§ﬁe§§@ﬁgﬂ§§§t ?gr?glr An
aci d gas prtoducedawhéngtlse fl uorine conpound is deconposed is easily
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method of treating an exhaust gas further comprises: after

the fluorine compound is decomposed or oxidized, removing

15 an acid gas, which is produced when the fluorine compound
is decomposed, from the exhaust gas.

According to the present invention described above,

an exhaust gas containing a fluorine compound is heated to

a required temperature ranging from 600 to 900°C, for

20 example, by a heating section under 0, atmosphere without

adding water to the exhaust gas. Therefore, since water

does not exist in the heating section, an acid gas such as

hydrofluoric acid is not produced even when the fluorine

compound is decomposed or oxidized. Accordingly, the

25 heating section is prevented from being corroded by a

hydrofluoric acid gas. O is heated sufficiently by the

heating section after being added to the exhaust gas, and

then water is added to the exhaust gas in an H;0 adding

section. Therefore, the fluorine compound is decomposed

30 or oxidized efficiently at the downstream side of the

heating section. An acid gas produced when the fluorine

compound is decomposed is easily removed from the exhaust

gas by an acid gas removal section disposed downwardly of



WO 2004/ 089515 5 PCT/ JP2004/ 004488 the H20 addi ng section where the
fluorine conpound is deconposed or oxidized. In this manner, the exhaust
gas is tweabmemsdfisbe harnl ess, and is then rel eased topgﬁugf%oﬁb@§ﬁhere

In the present invention, air or an 02 gas is supplied e exhaust gas
containing the fluorine conpounds so as to add 02 to the exhaust gas, and
the exhaust gas is then heated to a temperature ranging from600 to 900 C
while adding water (H2O to the exhaust gas. Thus, nost of the 10 fluorine
conpounds texcepio f addPRG smdatasn%@re Skfhe Wil abringe uabinkelyd oibe
deconposed, can be deco sed or oxi_di z d to be har n1§1ess Further
deconposi FEGPMRO d?Za ?‘b izgd perIfrbr iFERRELpr E5&NEF ST FR Sl yst |

so that PEC (&-efted t6Fbe FKhImiBAL,i Santdl i kelndd be1 dgsampasedrgan
conpl etely 15 be deconposed at a rel atlvely | ow t enperature of 600 to 900C

by cat al yeitmosagovt¥®n. Therefore, when catal yt|c reaction is perforned

after the heati i i i on X&4TP S nts
such aEt’s CF4 andri%sgéet a%gglrﬁe:d%%?gg%ﬁy% a%e %c%lnp Jégs Sn%?gabe
treated 2@o fhe ewhefustthegag abaltammmq’ng:m@rfmiﬁéed:g'mpeudetsoafpoaed and
renoved. Accordin to anot her aspect of the @rese i nventi on, Fﬂere S

provi ded &omeédtbdPzoftor F8& iSF 3 exPadist 2gds th MHg FF | bdr

Cormound, detiod, C@Qﬁgé%h%&r@@cé}ﬁﬂﬁﬁgf%ﬁ exhaust es 90 fhe1Rresence
of 02; an addi ng to the exhaust gas to deconpose or oxidize the

fluorine @mmmmdfatﬂra(@i@)f ke e‘dhaspébﬁu@ft lees pr d8ur, imweht pénthene
fluorlge GATRAId. | SofleconRasedon Okbal 260 Lacthes RipsBIce p 30,01

cat al _ RePex aus gas erred aspec? of the
present i nseahildkeldy t@bbo&ie@émpbeéﬁj,ngaanbemmpgaedf ortdreidtargdri ses:

bef or e to be harmless. Further, decomposition or oxidization is
performed in the presence of a catalyst, so that PFC (e.g.,
CF4, SF¢) that is unlikely to be decomposed can completely
15 be decomposed at a relatively low temperature of 600 to
900°C by catalytic reaction. Therefore, when catalytic
reaction 1is performed after the heating oxidative
decomposition, for example, gas components such as CF; and
SFe¢ that are unlikely to be decomposed but need to be treated
20 in view of the global warming can completely be decomposed

and removed.

- According to another aspect of the present invention,
there is provided a method of treating an exhaust gas
containing a fluorine compound, the method comprising:

25 heating the exhaust gas in the presence of 0;; and then
adding H; to the exhaust gas to decompose or oxidize the
fluorine compound.

In a preferred aspect of the present invention, the
fluorine compound is decomposed or oxidized in the presence

30 of a catalyst after H; is added to the exhaust gas.

In a preferred aspect of the present invention, a
method of treating an exhaust gas further comprises: before

the heating, removing at least one of a powdery component,



the heating, renoving at | east one of a powdery conponent, WD 2004/089515 6
5 PCT/ JP2004/ 004488 a wat er-sol ubl e conponent, and a hydrol yti c conponent

from the“,@)im%.ﬁggﬂgas. In a preferred aspect of the pre §?}”%"ﬂé’€@5§8°n-’ a

met hod of treating an exhaust gas further conprises: af l"uori ne
conpound i s deconposed or oxidized, renoving an acid gas, which is
produced when the fluorine conpound isgdeconposed, fromthe exhaust gas.
According to the present invention, a H2 gas and an 02 gas (e.g., air) are

added to the exhaust) gffe ddid@aeht0 Shqadding yrjelc(d@onedthenrsd and 02

are added to the exhaust gas, water can be produced in the exhaust gas
which is héat eskhawest @krgh tenperature. Such water (H20) produced from H2

and 02 can deconpose O{_e%'g_,gieée a’gﬁ%ﬂfzéugéizg%%ﬁcso%?ggggtagm)@ﬁﬂmfr mgl

water. If the e ﬁlaua}stpgas contain ereln, water can be
produced R isuUpplod Rt ng 2R egdmaud o dde faxhidhust gasprisesrdahgetro

anot her aspect of the present inyention, there is provided an ap ar at us
for treatitie & wodmbgt CAROVEENL §i APRG™R T ﬂ’-ﬁ@’@dﬁp%%ﬁd,r?]ﬁg gBﬁar at us

conpri si ng;, 20. 33 hﬁ?g ] r\9h§ﬁﬁti9rb£88u'&%%lt WG he e aust i gascompoaxdaust
gas supplynfor supplyi ng the exhaust gas to the heating section;- an H2O
addi ng seditd afetonpbeed,ustramvitise r edhavfst tdees heati ng section for adding

H20 to the exhaust gas.b supplying H2Q or_H2 he _exha ; .and an
acid gas 25 ren&%@ggéﬁ?goﬁof gger Bﬁ%\ﬁeﬁg alnmé%rll%gﬁéé Br g&uggé %gﬁaa%
reaction Retween tdhegexhaust ga® antidi#lOtol Aha pxefeisiedyaspethsokatche
present invertion, the heating section corrsri ses g hgagi %V\A rg, thtg
heati h§ wia® addinduad ethi BrPY - aFhgR Enped- 9t @€ SpaFHeBCe M HEELIANG 30

section, ac_?ags,' So PN LAYy Sy BB tele 8kHEURA §a8fwh{®h is heated

to a high temperature. Such water {H,0) produced from H:

and O, can decompose or oxidize the fluorine compound as

with normal water. If the exhaust gas contains air (oz)

15 therein, water can be produced by supplying only a H; gas

to the exhaust gas. A

According to another aspect of the present invention,

| there is provided an apparatus for treating an exhaust gas

containing a fluorine compound, the apparatus comprising:

20 a heating section for heating the exhaust gas; an exhaust

gas supply for supplying the exhaust gas to the heating

section;- an H,0 adding section located just downstream of

the heating section for adding H,0 to the exhaust gas by

supplying H,O or H; to the exhaust gas; and an acid gas

55 removal section for removing an acid gas produced by a
reaction between the exhaust gas and H20.

In a preferred aspect of the present invention, the
heating section comprises a heating wire, the heating wire
is wound thicklyrat an inlet-~side part of the heating

30 section, and is wound thinly at an outlet-side part of the
heating section.

In a preferred aspect of the present invention, an

apparatus for treating an exhaust gas further comprises:



heating section. In a preferred aspect of the present invention, an
apparatus for treating an exhaust gas further conprises: W 2004/089515 7
PCT/ JP2004400dingesas cat al yti c reactor di sposed dommstreap%of t he H20 addi ng

section for deconposing the fluorine conpound by catal yt PETPRSER444E8. 1t is
preferable that the heating wire is wound 5 thickly at two-third of the
heating section, and is wound thinly at #enmaining one-third of the heating
section. Wth this structure, it is possible to widen the tenperature
range necessacgtady tillee reeatticny cixdias &ueddraemResin i +wd g e fange
of 600 to 900 gﬂ Fu%ther | t is.alsg 10 gossLbIe to prevent a tenperature
of the exhatSFCy88 fPEVERGOMPREGPEhENE BSEgEdme cammopic byegetterl i iom
bei ng i ncregsgdtibed . 900 C or higher. If the heating wire is wound thickly
at the whole heating section, the tenperature range necessary for the 15
heating oxi dativel Hedénppsefroabden beasediredhaatiind Wwheecase afoudie

above stru % _Ln .t hi e, .a _tenperature of the exhaust gas

flomﬁngginﬁ%y%ﬁglgg%EIgPPck%fégtﬁgf%%ﬁi15??E§g$v%?§g58nhnéP@bééﬁ“ﬁbﬂgbo C

or higher, thimdycausiemsimendeins+ohatonr afhd e pafadh Ysict foRe Wwhnh

accelerateqagn a grg%g{red asgect of the present invention, an apparatus

for treating hh EXARTEtdas turthePoSodtiseto. widematidre heanpry aipe:

di sposed atrihge hgaldarg tFOR; j:n: H2O, .added to the.exhaust
ol SR AT th\é‘h%%%‘g% ?%%B%ﬁq’? Wat @P Rt iy pi pe

gas in the H20 addi ng 25 section is supp roug e
and is hedfethby the warnge heht 60§ Biope0Q n°@. pr Fhertted: aspect sofa itde

e HIL T RSN e R R
into the subsequent catalytic reactor from being increased
to 900 °C or higher.

If the heating wire is wound thickly at the whole
heating section, the temperature rangé necessary for the
15 heating oxidative decomposition can be secured as with the
case of the above structure. However, in this case, a
temperature of the exhaust gas flowing into the catalytic
reactor may excessively be increased to 900 °C or higher,
thus causing the deterioration of the catalyst to be
20 accelerated. '
In a preferred aspect of the present invention, an
apparatus for treating an exhaust gas further comprises:
a water heating pipe disposed at the heating section;
wherein H,0 to be added to the exhaust gas in the H;0 adding
25 section is supplied through the water heating pipe and is
heated by the water heating pipe.
In a preferred aspect of the present invention, an
apparatus for treating an exhaust gas further comprises:
a water heating pipe disposed outside of the heating
30 section; and an external heater disposed on the water
heating pipe; wherein H,O to be added to the exhaust gas
in the H,0 adding section is supplied through the water
heating pipe and is heated by the external heater.



30 section; and an external heater disposed on the water heating pipe;
wherein H2O to be added to the exhaust gas in the H20 adding section is

suppl i ed w0 2glsdsihe wat er heating pipe and is heated al
heater. WD 2004/ 089515 8 PCT/ JP2004/ 004488 Accordi ng tob%l%'gﬁ%rogsf&eog{sg

I nvention, water (H20 to be added to the exhaust gas in the H2O addi ng
section is heated sufficiently by the wdter heating pipe provided at the
heating section, and is thus vaporized. Therefore, water 5 to be added in
the H20 addi ng settFohatBInkatidir iy esenghintenpiont wateandzienas the

fluorine compg [ | e: ex as, can efficiently be

deconposed or %g%(ig%ée%;ﬁ%g#va téa:% fﬁga?ﬁ%éhpcgﬁgdﬁﬁg S?C&iléjﬁbslééh?ﬁ\ﬁérddl y of

a circunferehfialendllly diy t heeheationy Seation gk Saichraviiaie 40 that the
rly or spirally. Alternatively, the

wat er heati nefq%ﬁi e Egxtgmds Iinaa

heating sedtFonHaySREVEOR dBRA &SwkPus FeRstiFed cofiresefigran Watier wal |
and an But &fo W ladsed thatha heat 8AdH S gP LR e t | npe Il .and the
wat er heating pipe is provi ded?(ian t he guts%\r(:'tf/\igﬁ .l%\é{%ar‘t%lﬁlZE?V\%Shtl e
added in tHEHRRFa88FrRg 386t hercrafhise fdwontiine dampoutdiecwatead nkentiinng

pi pe extend t s 0 Jd1si de t.he heating section, and may be
heat ed by Sﬂ%g}{r‘gﬁ%ﬂ %g;[ag} .e%%?lﬁ%yslf? ?W@gﬁege%e?’é% r&S6f wat er
can be corihel Wedery hhetéxpermibe hemier bas despoedd 2Ahwaralpr ef er wed

aspect of the present_invention, apparatus for treating an exhaust gas
further cor?plrlicglérgferﬁﬁt&i B]aigt%fq'f}b‘? R"rﬁeﬂm%‘? M9t e prics sch ¢f sthae

haust o b t i 0op,
exhausi0o gahathilcd Watebeaesdatiggt gdphY eliheiga lllq%[%g&%rse}%g?%?m?ﬁed

addi ng section, and the acid gas renoval section,
val ue; and?dURARIE1PRPY f bher Beatdineg se aren mofy thevée reealmdb bahaudtl gas

LR Lol esiahderhte! BEnBRRRNAY %N Yhalr | aTh X 2hR° o BRIEE: HDRYS 920
that a heater is provided in the inner wall and the water
heating pipe is provided in the outer wall. Water {H,0)

15 to be added in the H,0 adding section may be supplied from
the water heating pipe extending from outside to inside of
the heating section, and may be heated by the external
heater. With this structure, a temperature of water can
be controlled by the external heater as desired.

20 In a preferred aspect of the present invention, an
apparatus for treating an exhaust gas further comprises:
an air.ejector for maintaining a pressure of the exhaust
gas, which has been treated by the heating section, the H,0
adding section, and the acid gas removal section, at a

25 predetermined value; and a bypass pipe for returning a part
of the treated exhaust gas to an inlet side of the apparatus
so as to mix the treated exhaust gas with the untreated

exhaust gas.

30 Brief Description of Drawings
FIG. 1 is a block diagram showing an exhaust gas

treatment apparatus according to a first embodiment of the

present invention;



30 Brief Description of Drawings FIG 1 is a block diagram show ng an
exhaust gas treatnent apparatus according to a first enbodi nent of the

present i RweRdois@Ls1 YO 2004/ 089515 PCT/ JP2004/ 004488 9 FI ' I ew
showi ng an exanple of a gas treatnent tank; FIG 2B is &?@@8@0?@\5

enl arged view showing a heating wre incorporated in the gas treatnent
tank shown in FIG 5 2A; FIG 3 is a bléck diagram show ng an exhaust gas
treatment apparatus according to a second enbodi ment of the present
invention; FIG 4AL&hrZdugls &G ewlBhane g ews ceaap 1shew 1gant r 54 raxappl e of
a water (Hzo%g_xﬁuppl y or a H2 supply incorporated in the gas treatnent
tank; and th 5 is a block diagram show ng an exhaust gas treatnent

appar at us accor dingGt @ 16h rgkreshedi Fesy 1 9F gkRey i By iﬁg‘éeﬂte'a%’l-n 5

Best Mdde for Carrying Qut the Invention An exhaust gas treatnent apparatus
accordi ng LT enbBEPHRATS e titte thegmn trwabrent tehk beodesdm e . bel ow
with regerepce to the drawi ngs. Like or corresponding 20 parts are denoted

by like or ‘cofresponding reference nunerals throughout draw ngs and will

not be described Fb@l od. irepet blioedd ydiafken kishweisgaanexhanstsgagas

t r eat ment aratus, according to a first enbodi ment of the present
i nventi on. aLp]g%a ﬁ@néxmﬁefabag FFeqrremI hpparsaernd aRfradisrent of the

pre-treat myite s8AEI QR VLRt if@OVI Ng powdery conmponents, water-sol uble
conponents, or hydrolytic conponents froman exhaust gas containing

fluorine conpoundslGa ABathxpuddxi B&Ei vé detoapuseng secth oshéwingeraor mi ng
heatingp oxample of a water (H20) supply or a H; supply incorporated
in the gas treatment tank; and

FIG. 5 is a block diagram showing an exhaust gas
treatment apparatus according to a third embodiment of the
present invention.

15

Best Mode for Carrying Out the Invention

An exhaust gas treatment apparatus according to

embodiments of the present invention will be described

below with reference to the drawings. Like or corresponding

20 parts are denoted by like or corresponding reference

numerals throughout drawings and will not be described
below repetitively. A

FIG. 1 shows an exhaust gas treatment apparatus

according to a first embodiment of the present invention.

25 The exhaust gas treatment apparatus comprises a

pre-treatment section for removing powdery components,

water-soluble components, or hydrolytic components from an

exhaust gas containing fluorine compounds, a heating

oxidative decomposing section for performing heating

30 oxidative decomposition of the pre-treated exhaust gas, and

a post-treatment section for post-treating an acid gas such

as HF which has been produced by the heating oxidative

decomposition.



xi dative deconposition of the pre-treated exhaust gas, and a
ggs?-treat ment se(r:r}t)i on for post-treating an acid gas such as HF whi chlgas
been prodwaethelyysssire heating oxi dative deconposition. %ﬁ&gﬁ&g}%‘?ﬁi&;

PCT/ JP2004/ 004488 I n this enbodinent, a fan scrubber 1 serves a f
pre-treatnment section. An exhaust gas to be treated passes through the fan
scrubber 1 and then passes through a m';lo separator 2. The exhaust gas Iﬁ
introduced fromthe nist 5 separator 2 into a gas treatment tank 3 throug
an exhaust gas i r‘gﬂhﬁt?%oﬁﬂﬁ@nﬁb. Fheath aacsubbleerl ls@ﬁdeshasmﬁ;e -
P ayed Tram o e op e o SR e ke P T P PanEEeAUSSOPEE S o
sprayed froma water spray provided in eaclﬁ _o? an :

m st separ dth9ro2gh The efhauscribbeas icanidaitlidig fd sk n@hgg{]gﬁugdﬁxi Sltows
fromthe fan,s ygpeé 1 fQwar the m st separator 2 whi | e béing rought
into contact ™ J[g% Watei sprayetPrSh oRe \?o@?té@@&%@daﬁdomhéheempemgyed
conponedt s, sewed ezt sol 21hiret € RENE HrSa 2 en RYLALRLY I&ﬁgg@ﬁnglgt %Xﬁ%ﬁégmvt
fromthe exhaust gas, 15 Instead of the fan scrubber 1, e pre=-tr men
section mE&P% UG hRR SR IREr AY - t o’ﬂ@@e,f@ngaﬁrphbeargel g?gr g}rlgglgtligggﬁédor
n adsorpti Ko Fid | ' d ent _such as zeolit .

2ar bon. ‘Fl)'ht;sgv%% er s%r%y%&ééb?}qga ggi:plpg&:é’gl&esﬂart}eﬁdnf afduakiiehe
adsor pti onWedrfe, edricl ¢ 2praghice¥edrhe @ﬁ@é@r@?&agrfgoeﬁﬁ%g $n g\QEEL i's .
retained ipg ¢l ngI&Ei tank 15a, and . is supplie o the fan scru e(r]I

by a circulating punp %%%h @d}Fgrté%%%%éeﬂétr@rtqr Bovi Bee ¢xhbestse n?:
the priedtr gatsmeabnsedinioiy Ca&MyoRiieRer bﬁn\?%mgcﬁ%n@cgr%ﬁng% cggﬁ]pngd
in the exhaust . .25 gas to be treated, a degree to \ .ICh powde ar xed,
or states GFEHRPEH dntovgintk dhenmdddosemasms tank fWHi el bvé 1 wqu@glztirar;lroltent
uses No Wakeko Conth AWiA ft¥r AHARFINEL S, 110 WRSL S, VAl er Lreat

equi pnent is provided in the system

hence powdery components, water-soluble components, or

hydrolytic components are removed from the exhaust gas.
I5 Instead of the fan scrubber 1, the pre-treatment section
may comprise a water spray tower, a gas passage stirring
tank, or an adsorption tank filled with an adsorbent such
as zeolite or activated carbon. The water spray tower, the
gas passage stirring tank, and the adsorption tank can also
20 achieve the aforementioned effects. Water is retained in
a2 circulating tank 15a, and is supplied to the fan scrubber

1 by a circulating pump 15 which compresses the water..
Devices to be used as the pre-treatment section can
properly be selected according to components in the exhaust
25 gas to bé treated, a degree to which powders are mixed, or
states of the plant. Since an adsorption tank filled with
an adsorbent uses no water, it is suitable for a case where
no waste water treatment equipment is provided in the system.
If the exhaust gas contains materials which should

30 specially be maintained, such as arsenic {As) or lead (Pb) ’
then waste water used in the wet scrubbing process 1is
contaminated by such materials. TFor such cases, the wet

scrubbing process is not suitable, but the adsorption
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I f the exhaust gas contains materials which should 30 specially be _
mai nt ai ned, such as arsenic (As) or lead (Pb) , then waste water used in

. . : . n
the wet sq/ohpi/mgspy ocess is contam nated by such material s ofaoayC
cases, the wet scrubbing process is not suitable, but the a&sor p?l on WO

2004/ 089515 PCT/ JP2004/ 004488 11 process is suitable. The fan scrubber has
a high rate of renoval of the conponentslwith a small anount of wat er

being supplied. Further, the fan scrubber has an excellent capability of
capturing pOWRIERSS APt ABUGRPURe wilthe fom aycBulbbeer haequi héghat atRerEmsed

t of ' | to achieve a high rate of renoval
g;m'tjﬂe gorr\é%énlg(?]‘tré? &fﬁ%?gggggrﬁygﬁg% acsarﬁa?éo?fﬁ%uﬁ sqpa‘fatt%bﬁp’rﬁé} at us

because of $umpiiegle sFunthere. ’Tﬂhéi Cfl.ﬁr?_éa;gb?gqashﬂlgls%ggte%}érggitj_gréirlrtg t ank
can be adjusted in,pH by a neutralizin i qui ~supplied . .

Ther ef or eJ, (f&f’t%gtéhg * ggs%}ég%a%ﬁlf: FPHQPPEI%I@I Shashathiogigly dhe vhteenspalayof
conponehlt s #diadr Wordneli bes Qﬁfiﬂl@yghsgg Qﬁo((}%r{og%dw )Ee%n%tohgre %V\tﬁgﬁcrelébbl ng
process. In the pre-treatpent section, as described above, ™ "po ﬁ
conponent s, 1MAEECISbP At eBApbhdatsTabe ol Femalral yifi theorPEPEALS tar,e

d f a ST wat er _or. an adsorbent. For exanple, an
!igirrgvgas ;3{:&1& g‘gagé?Fﬁﬁggzt%%?er%%dr?PBﬁet P TxhhsttifasaPRArREUS
pre- treat néecEese icdh i theimghaust rgasuwhi.ch hagupassed Hd4R4IPa 58S 20

re-treatnent, sectiaqn, i.e. the fan scrubber 1, is introduced into’the gas
Itoreat ment ta %W%&o%ft}ﬁ Ct%g@x%%ﬂlgtste&a%niﬁﬁ Podaci¢hrplpeiny laguiids then
heat edito bﬁjppﬁiﬂédeﬂneﬁét@?CQPﬂ%‘i‘%ﬁﬂar&h%ﬂ?ee%E'sngagélag%tE¥§rg“ %Ogne%%.lkt ! 0n2
is performed in the gas treatnment tank 3. An ait pipe (I 7777 "257an 0
supply pi pé2S #shd@indatedl 06 memapesl t pfatcemionamks $hiadr wapDdybeg 02

roatment Cad B5E7E0 000 r LB b BlogRe' S i} Weiethi g igbatrra

wat er) necessary Iforthe pre-treatment section, as described above,

powdery components, water-soluble components, or

15 hydrolytic components are removed from the exhaust gas with

water or an adsorbent. For example, an acid gas such as

5iFy or F; is removed from the exhaust gas in .the
pre~treatment section.

The exhaust gas which has passed through the

20 pre-treatment section, i.e. the fan scrubber l, is

introduced into the gas treatment tank 3 through the exhaust

gas introduction pipe 11, and is then heated to be oxidized

or decomposed. The heating oxidative decomposition is

performed in the gas treatment tank 3. An air pipe (i.e.,

25 an 0; supply pipe) 5 is connected to the gas treatment tank

3 for supplying O, necessary for the reaction. A water pipe

& is connected to the gas treatment tank 3 for supplying

water (e.g., city water or industrial water) necessary for

the reaction. The city water or the industrial water is

30 purified up to a level of distilled water or pure water by

a water purifier 7 connected to the water pipe 6, and is

then supplied to the gas treatment tank 3. Thereafter, the

purified water is vaporized by a water heating pipe and is



[ [ [ [ Is 30 purified up to a
he reaction. The city water or the industrial water is
}evel of distilled water or pure water by ahmater Purlzler 7 caﬁnected to
the wat er w pe4/gesgnd is then supplied to the gas trea W\ ‘% _
Thereafte?@j?ﬁe Burified water is vaporized by a materlﬁggbih@ B? % and is
WO 2004/ 089515 PCT/ JP2004/ 004488 12 supplied to an end portion of a heatlﬂg
section of the gas treatnent tank 3. Ad%%rnat!vely, water required for the
reacti on may: be S%@a%ed with a spray provided in the heating oxidative

hO

deconposi ng” ARk g38 FreRPERECPaAK 3)h6atinkost chidiorg ofaperd zad by

| ' [ | s heated and
the water heaidfgeRtPeankn 3thi $11625€,+19 pra d water s
vaporizedin1tf£§bheating oxi dat’i ve d%con%% |n8%t TEErod Spgwd han

f ZeagkieR @ay b shoayasl withos mptaf o vened AGrn2BL LS 3
géﬁgﬁgfig JU & giqﬂé %% showi ng a heating wire incorporated In {ife gas
treatment tank SHOwn i Oi%PgTﬁéa s_(ttlhé’at%ﬁt gkt Behas taank eB?Tgtrl cf
t ube f ubnace. thowmidédelng arait €5z A0y § &V W %ed-‘h?ﬁg'&%i A%I arlg‘?BG:i& groﬁ
pl ate nmenbers 10 %&vin%{an excel l ent thernmal conductivi yp re e
ahic4

an inner 15%ififac@®of o eveites timehéatndcarfi t vapotrthzadlef Quenpat h

' 435 [ he el ectric
h wh i : gas shown in FIG 2B, t _
Engu?urna?gnghﬁggaggﬁg§F%%% wre Oaﬁﬁghgﬁgk'mnund thickly at two-third

of the heating s&&G-oR3(konds &n wwamtbldidt Va ab £ FGERIHAG, © -éggégugi

heat i ectl o . Wth | S structure, a mxture of the X _
;gg cgﬁt;P%ﬁg}ﬁhéﬁﬁiﬁ%ggbnﬁ88n5§25n§qm%s(@ZﬁcéaﬁéﬁﬂédEHkiwgeﬁevaEW'akpgh
5 i s heht edhbwing eniesat Uhg w&&@lﬂhédfﬁBrJQQgt?n9Q%%.gggaﬁgggﬁ%ﬁhg hi ¢!
t he heatin% wire 9a is, arranged is not limte 0 the manne n A
2B. For 25 -8X&npiteWR hinhEEGi-n¢EAi reThe gay beamtmentwiankors mie ah the

[ [ ' ' ' d ,once at the
nl et - si deepaicirafe thihdeating-sest [, 9R.39-20d I8 .woun :
gutlet-sidgmpart 6% t he heatina sec?loﬁ gé.cgrﬁﬁh%ﬁ RS ERPe2 8 75

provi ded i hep&€rgas Ardatment nualler of plate members 10 having an
excellent thermal conductivity are provided on an inner

15 surface of the electric tube furnace 9 to form a detour path
through which the exhaust gas passes. As shown in FIG. 2B,

the electric tube furnace 9 has a heating wire 9a which is
wound thickly at two-third of the heating section 30 and

is wound thinly at remaining one-third of the heating

20 section 30. With this structure, a mixture of the exhaust
gas containing fluorine compounds and air (0;) supplied
from the air pipe 5 is heated to a temperature ranging from

700 to 900°C. The manner in which the heating wire 9a is
arranged is not limited to the manner shown in FIG. 2B. For

25 example, the heating wire 9a may be wound twice or more at
the inlet-side part of the heating section 30 and is wound
once at the outlet-side part of the heating section 30. &
water heating pipe 8 is provided in the gas treatment tank

3, and is connected to the water pipe 6 which supplies water

30 (H20) . The water heating pipe 8 extends linearly from an
inlet portion to an end portion of a heating section {a
region 30 shown in FIG. 2A) comprising the electric tube

furnace 9 and the plate members 10. Water (H,0) supplied



[ [ [ lies water 30 (H20). The
connected to the water pipe 6 which supp _
\%/:at gpdhlaZti ng pipe 8 extends linearly froman inlet portion to an end

. : - i G rising the
porti on ofw@zdeetdsipg section (a region 30 shown in Fl P‘(Zﬁ%ﬁf’)@iﬁﬁtﬁﬁ

el ectric tube furnace 9 and the plate nenbers 10. Water ied WO

20041089515 13 PCT/ JP2004/ 004488 fromthe3water pi pe 6 ![s Er;eat ed and
vapori zed by the water heating pipe 8 té. be forned ilupeovapor 's e ected
hi gh-tenper at.upe Mgp‘g%terThe water. as g hi gg-tdfngg&;' o s k&
froman open S G S " RRETWRLES Bedsi Rgaprgeasd u iedth

i 1 by [ I xed, with and added to the
hebtedihg nibiegB tenperab ey AT S U XEC h
Qirs]aggtengas | f ngcessary, an oxgzgen supply ~co nF%QPl ﬁj‘t\}dq%wléxhaust

gas i ntroduttfofafPpe2fld (iihekemperagasesupmpey D thecheat img,seqtion

' ' - h air 10
b [ f 0 en (e.qg., air, oxygen-ric L
;3)8r ga)cl)%gen@gir{ %ggﬁgﬁh%ﬁgg#X%n@% %(1{8@)1%90%? %gt%"é}tl?cﬁ?{}(ﬁiuﬂegas wha ategi on

e T CEAP PGSl b st e bRl d P e L B e
t oxi.dation o a
ﬁgﬁrgg? ';nr)?%{@gr doe,’n&gt%oﬁ}g,e'e’i}%a%§ﬁr%5’f uol?BéJ@rQﬁﬁﬁThaaleczi d\ﬂgaﬁfrgg?mn@go
[ i Eakliow REg teaghko I The I ,
%fgﬂd: ggl E)ccmgfggnlg\?ml;t \rgleg% of ?%g %gg%dr%é 2%%‘?% SHE30GUC IR rBEiRGed by a

heat i nsul at'ot® BFdeasi Aupkd waor thhentent ingnkedtiba hi ﬁlfag}deaddi ng

' | | d due to addition of "water
tion 40, i 204 ol + QNG K east Lons procee , i on ar
?a(Z:OI)O and portzﬁg(?he%xha %as&v%z?%?ieﬁa S bBen REht RKYGeB-hiigh air

.components in the exhaust gas that are
terrper]a?uré%urﬁ]emé}?@ee, o bog}oes can be oxidi zed or deconposed.

oo by SRR U SRRSO, 20 o o e

'n the  hedgi g Gse i) 00 o3t a0 Al Rfduiri o 21 gl (HE) (93, [ s produced in

the heatinggsegti qn 30 hecayse water (F29 '3, oxidation of co and
decomposition of PFC having four or more carbon atoms,

15 hydrofluorocarbon, and NF; are performed according to the
following reaction formulas. The H,0 adding section 40
which is located downstream of the heating section 30 is
surrounded by a heat insulator 20 provided in the gas
treatment tank 3. In this H,0 adding section 40, the

20 following reactions proceed due to addition of water (H;0)
and O; to the exhaust gas which has been heated to a high
température. Therefore, all of the components in the
exhaust gas that are considered to be harmful to human
bodies can be oxidized or decomposed. Although oxidation

25 and decomposition of fluorine compounds proceed even in the
heating section 30, no hydrofluoric acid (HF) gas is
produced in the heating section 30 because water (HL0) is
not added to the exhaust gas in the heating section 30.
Therefore, in the gas treatment tank 3, the electric tube

30 furnace 9 and the plate members 10 constituting the heating

section 30 are not corroded and damaged by a hydrofluoric
acid (HF) gas.

2C0 + 0, — 2CO7:



not added to the exhaust gas in the heating section 30. Therefore, in the

gas treatnent tank 3,

the electric tube 30 furnace 9 and the plate nenbers

. . . . by a
10 const i &b bgd@ogdies heating section 30 are not corrode (3&0&9&9
hydrofluoric acid (HF) gas. 2C0 + 02 --> 2CO2 WD 2004/ 8%‘8@%51

302 ->
PCT/ JP2004/ 004488 14 CO + 2O CO2 +H2 2H2 + 02 2H20 CBF8 + 4H20 +

5002 + 8HF C4F8 + 4H20 + 202 4CQ2 + 8HFl4 2C4F6 + 6H20 + 502 8C02 + 12HF
2CHF3 + 2H20 + 02 3C2 + 8HF 2NF3 + 3H20 ---> NO+ N2 + 6HF In the

oxi dation, 02 may-be" sipdl Ted Pz diHany 02

02-rich air, and & 0z, ﬂlg}ggroxi de may be used as 02. In this gas

treatnent tank 3, the air pipe

i ntroduction pipgeBel}r $d:0hat 30.r -andcbhe+exhaust gas to be treated are

IS connected to the exhaust gas

sources such as atnospheric air,

i ntroduced into tén% gas %%Sa%g%nt tank 3 fromthe top of the gas treatnent
c

tank 3. The aforefféfitio

SKents4€52i h EHE exhaust gas can be oxidi zed

' he oxi dation
and decbnposed at2@Fet enpernat w &d,angi Bgof,r @M 4¢Q- to 900C. If ti
and deco%osition aréS perfér med at a tenpérature of 1000C or higher,

an anmpbunt of the

t hen
Phatsed By N2 309 tth8HEr is increased. Wen the

oxi dation and decofmosi t4:0/h 20 £ PSS orrre(g#a\t a tenperature of 900C or

| ower, it

manuf act ur isrg;_lrcg

+
is possible to ‘economcal 'y %sele

from 700 t ®<200€6 de Theyostuseqakgen) . segt it@ﬂQQfés't‘v{f@éﬁmgHtagggkggf
as HF whi Chch' s prodyced_in the deconposi ng process o

15

20

25

30

e alr pipe 5 1s connected to the exhaust gas introduction
pipe 11, so that air and the exhaust gas to be treated are
introduced into the gas treatment tank 3 from the top of
the gas treatment tank 3. The aforementioned components
in the exhaust gas can be oxidized and decomposed at a
temperature ranging from 700 to 900°C. If the oxidation
and decomposition are performed at a temperature of 1000°C
or higher, then an amount of thermal NOx caused by N, in
the air is increased. When the oxidation and decomposition

are performed at a temperature of 900°C or lower, it is

possible to economically select a fire-resistant element

which is required to be used in the gas treatment tank 3,
and hence a manufacturing cost can be lowered. Therefore,
in the present embodiment, the oxidation and decomposition
are performed at a temperature ranging from 700 to 900°C.

The post-treatment section post-treats an acid gas
such as HF which is produced in the decomposing process of
fluorine compounds. In the present embodiment, the
post-treatment section comprises a sSpray nozzle 13 serving
as an acid gas removal section. The decomposed exhaust gas
pPasses through a water film formed by the spray nozzle 13
which is provided in the gas treatment tank 3, and the

exhaust gas is then introduced to a mist separator 14

a fire-resistant el enent.

ich i i redtothe wsedldniohe gas Mapabeenuppiked. £ heyC
e st ur fou a9 | oner ed Tﬁ%ref.oyfe, inélﬁe present enﬁgdl ent,

%‘éd%g% b%%i??%ﬂsﬁgegrlé: Beftrohed igh alttemperdaurze 1Gangi ng

t he oxidation an

c%za

such



fluorine conpounds. In the present enbodi nent, the post-treatnent section
conprises a spray nozzle 13 serving 30 as an acid gas renoval section. The

deconposeg@¥idpsiigas passes through a water film for%ﬁéo‘}%}t&gray

nozzle 13 which is provided in the gas treatnment tank xhaust

gas is then introduced to a m st separator 14 WD 2004/ 089515
PCT/ JP2004/ 004488 15 t hrough an exhaust @&s introduction pipe 1lla. The
exhaust gas passes through the m st separator 14, and is then released as

a harnl ess ghsough he ekiesphegas The raphayt i 80221 ge 181 and fhe Juisdust
separator 14 are su%)%li%ggwith city 5 water or industrial water, which is
sprayed in 838h RF°iHe OB ot BPe MiF tandepRe ahiat ddparandr 154, thew

exhaust gasrel s REEQUHY 4 '"EQrﬁQ?%égE;_a‘é’i &R, %}%ﬁrﬁésﬁﬂé?&ed ff&o%éﬁaeysmay

nozzle 13. As a result, a hydrofluoric aci gas” produced by
deconposi ti dbnzgflePt@ ppdt KbeHAOsaddepgradosedid ar e isuppl idd v nposy ng
treatne S Lon)._4 he . gas ,treatnent, tank 3 is repoved fromthe
exhaust %asggE ﬁs%’ga ngpsﬁtﬁ:elasjptwﬂ:%zﬂ Iy 1% l@’ﬁ%%?dtjr%a?mtoge@‘? on
may conpri sspaafanoselebberand vaéeii SPrapdoWehr 840aSrhPaASeRUes L4441 Ng
tank, or an,adsorption tank filled with 15 an adsorbent such as zeolite or

activated cafbBROUEE fHRtOsEPRbBET e waher walrely spweyedt Keogastipassage
i ; oo .
Siiing, Lapkeyepechie pesoal pnantc oo sl Ve 0 g v, o

af orenenti oned éffects. OWs an ‘ex reat men

accordi ng tpradueeshdoenbbei mbntomposheipnesent PFavent i the HAS Shiimd n

FI G 3,1 he%%a?tre?tment Eﬁnk 3 further conprises a catalytic reactor 4
di sposed doRRSEFEBm 5t St Het P RedEFAYPLELPdohT 86 E 1R & RechAom ) 48t RErER? ank
3, the exhagsk tgasatmeficatiethit 03ba Oxighaodorsdor ompeseskh Bukle heating
25 section 30, and is successively introduced into the catalytic Teactor 4
where the ekRah8e98s theqebsayoreazbs 13atbhgtpesteseceiadmenths asdrpoment s

of this enmbgdiMeRhprise a fan scrubber, a water spray tower, a gas

passage stirring tank, or an adsorption tank filled with

15 an adsorbent such as zeolite or activated carbon. The fan

scrubber, the water spray tower, the gas passage stirring

tank, and the adsorption tank can also achieve the

aforementioned effects.

FIG. 3 shows an exhaust gas treatment apparatus

20 according to a second embodiment of the present invention.

As shown in FIG. 3, the gas treatment tank 3 further

comprises a catalytic reactor 4 disposed downstream of the

heating section 30. In the gas treatment tank 3, the exhaust

gas is heated to be oxidized or decomposed in the heating

25 section 30, and 1is successively introduced into the

catalyti; reactor 4 where the exhaust gas is decomposed by

catalytic reaction. The components of this embodiment

other than the catalytic reactor 4 provided downstream of

the Hz0 adding section (i.e., the oxidative composition

30 treatment section} 40 are the same as the components of the
exhaust gas treatment apparatus shown in FIG. 1.

The catalytic reactor 4 has a catalyst filled therein

for decomposing PFC. The exhaust gas is introduced into an



other than the catalytic reactor 4 provided downstreamof the H20 addi ng
section (i.e., the oxidative conposition 30 treatnent section) 40 are the

same as %ﬂ@ﬁ@%@?{}ents of the exhaust gas treatnent a{)ﬁar at us shown in

FIG 1. fic reactor 4 has a catalyst filled t REFdFPHPO4/PYysss
deconposi ng PFC. The exhaust gas is introduced into an WO 20041089515
PCT/ JP2004/ 004488 16 upper portion of thescatalytic reactor 4 and fl ows
downward from an upper catalyst layer to a | ower catal yst |ayer. The

electric tuppdmipraceldn . thkeaber)l v e o0ft Heiraghess i Sws WSRANEY q _
upstream of_the catalytic reactor _ 4, and hence the 5 catalytic reactor 4 is

heated to &4WhPer HPBEE Fakgila§ & Lenerebo 2 d 90y Caltial ¥ leatel yt Fbe
reactor 4, o dANPLEAUBE £oinkBE 218l YSheCRa e MRLALAL ped AL 3 suiLabl e
y €

level for catalytic reaction eat "o6f the exhaust gag i REF6ddEEd*Sint o
the catal ydispesed orpsitrdhnref ditss datadlsyynod & diesessamnhd Beple@Virde a
speci al . devi ce for. heatin

C th .ctalysdtsinthe catal ytic reactor 4. PFC
havi ng T hr & lyi—rJegsr%zé?gﬁﬁ lgtlcﬁrse&ri&? E6 areeMrotghbirentanedRCaEEomi t h
the catal y3io t50 9datctherdeeompesitd oprof PEC-apd %EG%SH?%ILQEH%%
o}

according to the foll ow ng reaction formulas. In 15 the ng reaction
fornul as, ©@Ff Wik aentysbutes ke nahatadeehaed ta enuiHzsb beeheuddedotro t he

exhaust gas, . Lt - e s treatment tank 3, and water (,H20)
has been ?r?t%%c?ﬁ‘gleﬁ %%tg%%gﬁél e@) hglues g%fs a et%hgﬁ&tpgreﬁ oerJE)]f'Oé‘ﬁﬁ&gi

heati ng sedmniton 3bGedi sptsddrtipst reamtafr t he catTdlatd £o28, r eact ars 4nothe

cat al yg& conprises_a catalyst . for fluorine_ conpounds, such as y alum na or

al uni nRC zi PESTH TR SHmpSsi PEOViiferd aFPES AleddSW L Aot (RSt &5 addite®. LNt h

this structurelyit is eReskbte1tedecnpass RFC m%ﬁvmgttﬁ&s ugli kel y
to be disconposed and have not been deconposed by the heat 25 OX|gat|ve

deconposi t L6FS PRIt onhand Fdscaral yroeghtedntor cantecitnwétpokheed
into the exiauslygas YPatARet tiAPPRLALHBoAURANCRES $53! 4 gk, diLect!y
performed according to the following reaction formulas. In
15 the following reaction formulas, O, which contributes to
the decomposition has been added to the exhaust gas, to be
treated, in the gas treatment tank 3, and water (H,0) has
been introduced into the exhaust gas at the end portion of
the heating section 30 disposed upstream of the catalytic
20 reactor 4. The catalyst comprises a catalyst for fluorine
compounds, such as y alumina or alumina zirconium composite
material carried with tungsten oxide. With this structure,
it is possible to decompose PFC and SFs that are unlikely
to be discomposed and have not been decomposed by the heat
25 oxidative decomposition. Therefore, when the catalytic
reactor 4 is incorporated into the exhaust gas treatment
apparatus, components that do not directly affect human
bodies but adversely affect the global warming can
completely be removed from an exhaust gas.
30 CFy + 2HO0 — CO, + 4HF
2CyFs + 6H0 + 0, — 4C0, + 12HF
CsFg + 4H,0 + 0, — 3C0; + BEF
23F¢ + 3H;O + 0 — S0, + S0; + 6HF



bodi es but adversely affect the global warm ng can conpletely be renoved
froman exhaust gas. 30 CF4 + 2H20 --). C02 + 4HF 2C2F6 + 6H20 + 02 4CO2 +
12HF C3R8otoskhidsésis 02 3C02 + 8HF 2SF6 + 3H20 + 02 S02 pcPaBt4/idfss\O
2004/ 089515 PCT/ JP2004/ 004488 17 Next, nodifications of the exhaust gas
treatment apparatus according to the above enbodi nents of the present
invention will be described. FIG 4A shdws a gas treatnent tank 3 having a
wat er heating pipe_8a which i.s disposed in 5 the electric tube furnace 9
and extends spi rglel"&,’ i‘ﬁ@gégéca&l%ﬂ% Rt drhdegkineg 33 peas (weeaEnent2A)
which is digpesestudia r | f r.eat tank 3 _and
extends | ia%earl y. Wt%]étﬁ?jgggttrdagﬁ?r ggoﬁgatémgggﬁznﬁéet% g?gﬁffgﬁ‘?%‘ﬁp?y
performed Bamsedr athé lekhdus degas idret waFac .1@A( 5ROy sf & oyh 910 #dy orghtt he

wat er heati.n iLp t roduce. a hi gh-tenperature vapor (H20), and hence
the hi gh-%@%ﬁ‘gﬁaﬁﬁggn\iﬁgwa%%)he@at&rg% %Eg%oﬁ%d“%%hekﬁamﬂswogaé &b the
end poriionhef eflketheiat ithghsertiifacd0o ThG «4BesShR r tank 3
having a water_ 15 heatjng pi pe 8b which isedi gpos\é%pg'n tsleiy'o%ftéérquEld

ci rcunf er eREi BPepBRrEPENLEELRG BLBEt i ¢SEaLBIGur DAL ewlgiphdes dfspesadi cs,
i nst ead of ' [ i ar.e . di sed,in a S
akhﬁé@iﬁel‘eﬁ’éfﬂﬂoﬂ PER 1 P%%nggee%%mr%b% t@fﬁéégr%ﬂgces}?tqggswat er

passage fornmed in e electric tube
heating pi péngardpens 20Watht hetteingl psttiemuofe t henbedt i egcseaidon 89. The

wat er heat,] .pi-p. s cannected to a water pipe 6 for supplyin city

wat er or i%gggtlﬁlaef%gg ePeLERGTEL g%eﬁ%%%la 0 =ts F%Stofgat%@féﬁéﬁgﬁﬁ t ube

furnade 9. (WADRr F{6RENof hawiorgH RTaUGH +dhe 8¢ 85 g oAb e %F&%&?ﬁ@dﬁ?eheat ed
en suppll

by exhaust heat of the 25 electric tube furnace 9, "and is ed to
the end pBrti BRI taiPaeatirg se¥aper 30 (Hidhe gasid r edterere t abke 3.

Wth this gt gHCiWhe Ao PLOB- LEPRE A VBRP'L{ H8Red to the exhaust

gas at the end portion of the heating section 30.
FIG. 4B shows a gas treatment tank 3 having a water
15 heating pipe 8b which is disposed on the outer
circumferential portion of the electric tube furnace 9 made
of ceramics, instead of the water heating pipes B, 8a which
are disposed in a gas passage formed in the electric tube
furnace 9 made of ceramics. The water heating pipe 8b opens
20 at the end portion of the heating section 30. The water
heating pipe 8b is connected to a water pipe 6 for supplying
city water or industrial water, and is diéposed outwardly
" of the electric tube furnace 9. Water (Hz0) flowing through
the water heating pipe 8b is heated by exhaust heat of the
25 electric tube furnace 9, and is then supplied to the end
portion of the heating section 30 in the gas treatment tank
3. With this structure, a high-temperature vapor {H,;0)
heated by utilizing the exhaust heat of the electric tube
furnace 9 can be supplied to the end portion of the heating

30 section 30.

FIG. 4C shows a gas treatment tank having a water
heating pipe 8c which extends from outside to inside of the

gas treatment tank 3 and opens at the end portion of the



heated by utilizing the exhaust heat of the electric tube furnace 9 can be
supplied to the end portion of the heating 30 section 30. FIG 4C shows a

gas treatwBnbhod@mMgshaving a water heating pipe 8c whi CI}C%?@%MM m

outside to inside of the gas treatnent tank 3 and opens at e end portion
of the WD 2004/ 089515 PCT/ JP2004/ 004488 18 heating section 30 in the gas
treatnent tank 3, instead of the water lfeating pipes 8, 8a and 8b which
are disposed inside or outside of the electric tube furnace 9. The water
heating pi peacin$ IRhbeRetl tih dhmiteas gipeatnént sappl §i nignSteatlyowat er

or industri t ; rpal jheat e 16. Water (H2 suppl.i ed
fromthe mtﬁeervﬁég%rGH%g%%ggfl}d@gg ?heB&ta&%a?b hEBLER PE S ?B‘éggd
suppl i ed t drndidend opastidenodftihde heati-ng seskbiBn-39cko t hengass tLeat nent

tank 3. Wth this s.truEture, water (H20) is heated to a suitable 10
t enper at ur @S8A THHEE B GG LF FEBIRCHPdt he aMadiay eipshé foursizmeel 9ingnd is

then suppl icady qdther and monid o 0f ibee NeALNGISEH 107 A, Y4l eL ¢ (E20)

may be sprayed directl to the end portion of t eat| ng secti onh
wi t hout paé@i-ngwattlﬁrouéﬁzq’%esélmm e ethd 6ya Uepepiipag6ohs tieatsant 15

condi tions I 4 a e nt .tank_having a H2,gas . supply pipe
8d i nsteadb(%: %1% gﬁ%leaéofw%&r }g%%%%%ll g%%r%gﬁﬁo)supfﬁ]el?@ ngs S pehdpi pe
8d opens apothe en pahti baaofingheechdatd 3y mct]'ql@rgg»g) ﬂf}e%ﬁgeggstgﬁgat ment
tank 3. A H2 2Q .supplied fromthe H2 gas supply pipe 8d and an 02 gas
whi ch hasgbegﬂf%g@blﬁpﬁtﬁ\%'t Y eiﬁa@stlﬁg%a&@ Fendexiiitdgéeher to
pr oducep watemddi2Mure Therwauer a0y preduced; iy omLhe, & 4as. apdyLhe 02
gas contains less inpurities, conpared to city watér or AUt i Wat er .
Ther ef or e, fgrreEse P poxied bl then|i spppdded to dine eqd prentiderodi shil | ing

ChePtr el R e 0h S0k i) LB os LS R 2P,
to the end portion of the heating section 30 without passing
through the external heater 16, depending on treatment

15 conditions.
FIG. 4D shows a gas treatment tank having a H, gas
supply pipe 8d instead of the pipes for supplying water (H,0).
The H; gas supply pipe 8d opens at the end portion of the
heating section 30 in the gas treatment tank 3. A H, gas
20 supplied from the H; gas supply pipe 8d and an 02 gas which
has been added in advance to the exhaust gas are bonded
together to produce water (H;0) . The water (H,0) produced
from the H; gas and the o, gas contains less impurities,
compared to city water or industrial water. Therefore, it
25 is possible to dispense with any equipment for distilling
or purifying city water or industrial water, thereby
reducing a cost of the treatment apparatus as a whole.
Water (H;O0) is required for the oxidation of CO and
the decomposition of PFC. Water (H,0) is introduced into
30 the exhaust gas treatment system in a vaporized state. If
the water contains Si or Ca, then Si or Ca may be deposited
or scales may be produced when the water (H,0) is vaporized,

thus causing the apparatus to be clogged. Further, Cl1



Water (H20) is required for the oxidation of CO and the deconposition of
PFC. Water (H20) is introduced into 30 the exhaust gas treatnent systemin
a vapori aRg 28d4alses1s! f the water contains Si or Ca, thenpgirPhoosfody be
deposited or scal es naybe produced when the water (H20)P IS vapori zed,

t hus causing the apparatus to be clogged. Further, G WD 2004/089515 19
PCT/ JP2004/ 004488 contained in the wateld%my cause a catal yst to

deteriorate. _ Therefare, the supplied water (H20) needs to be purified

wat er suchcﬁéltﬁdﬁée%\dfb?:h@rwait%"i PRECHasera oadool vk hgly detidr israteessary
to provi derar ddxiependent pipe19R ying .pure water or_distilled
water to the apparatus, andggl S0 ‘%IO‘J%%‘%i gﬁeg@ d%?g(dfg FSr%éﬂiﬁjr%beﬁure
water or #adew c@dtoesppudecivagedi st Hlied ivdret weanar at elosor SoRgeguent 1y,
i nstall atiq_ng cost_of the ap%ar atus | i ncreased. |In the present

enbodi nent ; “siice Wat 87t b€ FF SUPPPi 88 AddsRrneents pémea del yakoand an
02 ‘gas,5 t heupiplstiald gluen wosér fOF @LoVidLRG RLRRS ard thhe Ji ke can be
elimnated. FIG, 5 shows an exhaust- gas treatment apparatus -accofdihg to a
third enbodPRedt S theresent ai ApFadefor Broduthng emediwenér ap air

ej ector 165is Ife r I L ni.ng r ure of ,an exhaust gas treated
by the gasEl t?ggﬁ\r?eeﬂt d£:t(;a}'(r::k %?%(?ﬁg&%rggdgtqesﬁﬁﬁgﬁdvawﬁggrméez!fﬁ*r ret¥or 16
serves to dpPsskangmnthe, exhasibal jasibor cidhlat foem e ggpdreabgenistank 3
where the Eéh%%stsr%ias SSES 20 _ther %%&Jgh_, so that an internal pressure
of the gas™ treatient tahk-3°cBheBERAd R NGREN BhRSesHAtE@ Uy bae
heati 1@ oxsdpbilve deLonpasiducsy ofrr xkau as,. 3N e~ 0 t reat nent
tank 3 can,bgbperfor_mad at a sui tangépfeggu%sg %!rjt ﬁterp,oénagﬁél y‘ézailé? 17 is
provi ded foRShAHLALIRP £t kv ar P ¥l Hdn gob ipem enehtth e dnt leé neghn i e t he
treated exhapst,gasand a tenperature of the treated exhaust gas.

FIG. 5 shows an exhaust gas treatment apparatus
according to a third embodiment of the present invention.

15 In this embodiment, an air ejector 16 is provided foi‘
maintaining a pressure of an exhaust gas treated by the gas
treatment tank 3 at a predetermined value. The air ejector

16 serves to discharge the exhaust gas forcibly from the

gas treatment tank 3 where the exhaust gas passes

20 therethrough, so that an internal pressure of the gas
treatment tank 3 can be adjusted. With this structure, the
heating oxidative decomposition of the exhaust gas in the

gas treatment tank 3 can be performed at a suitable pressure.
Further, an analyzer 17 is provided for analyzing a

25 concentration of components contained in the treated
exhaust gas and a temperature of the treated exhaust gas.
Furthermore, a bypass pipe 18 and a bypass valve 19 are also
provided for returning a part of the treated exhaust gas

to the inlet side of the fan scrubber 1 so as to mix the

30 treated exhaust gas with the untreated exhaust gas. With
this structure, the exhaust gas can be treated repetitively,

and the exhaust gas can also be easily treated in a case

where the heating oxidative decomposition is not reguired.




Furthernore, a bypass pipe 18 and a bypass valve 19 are also provided for

returning

a part of the treated exhaust gas to the inlet side of the fan

scrubber wo3m4ag91® M x the 30 treated exhaust gas w t hpthgpihaibqadsed
exhaust gas. Wth this structure, the exhaust gas can be treated

repetitively,

where t he

20 PCT/JP28g4/004488 CIhe£§co gnents of the exhaust gas treatnent
S

appar at us

exhaust gagctbeatimRNtt ARRA At GSRLHERN 0 bove- nent i,gned enpodi nent s.

5 Next, test results of exhaust gas trgatgﬁtgntth\% '(t%ha?“ae RTINS a&é

equi val ent SXBatysé exh@ast gdereatmentnt apmpeanktssaccosdépgdiagt he sgcond

enbodinentawgggj%%ngggﬁg'bg@bOQESNZ as mxed with various types of gases
| %ﬂ#%

to be treate

concentr ati on (plektef testpanenibti nothexﬁ%%s\/@ﬁ%age@fé&%ﬂle%tt g,
of locations.,The electric tube furnace (the heater) 9 was contro
n%%?&tl&rgeaé’ﬁ’atrﬁé%sateaq%‘f%l?éact@rtha QBb amgitn u@isn éd et tEOEC.  The

s L0 DA LIS 3 T O Tl oFTT 5 TS

Inthis test, SiF4 was sup

that a te

and CF4.

BESr FRP IV hP s Centidth nehbalFé ns stnea hsenhosemir 4 bes

was | ntroduce testing apparatus, and 10 the

180 m / mi ndeegrebed -m Ani Ny GaFenifed wirkh, vEDi b2G0 tiiddl It BFbs 1

m/mn, N
were m xe

L SE 20/ mn,, a CF4 45 m/mn. These gases
%ﬁ%ﬁegkggh aSagggéﬁp%§§ﬁqﬁﬁgﬂrﬁ#?l%ﬁ?Fng BPPEH??HSHrﬁéhm

i ntrod@cedthat cdiweyhsatibaat (Eph)t K Zompidndess i At ogyged

heat i ng
flowrate

oxi dati v

. ! qh Bt grdde
deconposi ng. section of the gas treatnent tan at a
B¥238* EFmi f?ﬂp%ﬂﬁg%§FHg°@2%qgﬁﬁ¥%@5for oxi dation. 25

Simlarly, pure meéereyasti-Akrogdyged ifMtg, 1he 98fhe heater) 9 was

15

20

25

30

controlled so that a temperature of the catalytic reactor
4 was maintained at 750°C. The gases to be treated comprised
SiF,, CHFs3, C.Fg, C4Fe, CO, CsFy, NFi, SFs and CFy. In this
test, SiFs was supplied at a flow rate of 60 ml/min, CHF,
180 m1l/min, C4Fy 60 ml/min, C,Fe 10 ml/min, CO 1200 ml/min,
CsFg 10 ml/min, NF; 120 ml/min, SF¢ 120 ml/min, and CF,; 450
ml/min. These gases were mixed with the N: gas supplied
at a flow rate of 120 1/min and introduced into the gas
treatment tank 3. Air was introduced into the heating
oxidative decomposing section of the gas treatment tank 3
at a flow rate of 30 1/min for supplying 0, required for
oxidation.

Similarly, pure water was introduced into the gas
treatment tank 3 at a flow rate of 5 ml/min for oxidation
and decomposition. Table 1 shows the test results of
exhaust gas treatment. In table 1, example 1 shows the
results of a case where pure water was introduced from the
water heating pipe 8 whose open end is positioned at the
end portion of the heating section 30, and comparative
example 1 shows the results of a case where pure water was

introduced from the top portion of the gas treatment tank

and the exhaust gas can also be easily treated in a case
heating oxi dative deconpositi 6 is not required. WD 2004/ 089515

Eus

rality
I%d SO

Mm%, CHF3



treatnment tank 3 at a flowrate of 5 m/mn for oxidation and
deconposition. Table 1 shows the test results of exhaust gas treatnent. In
tabl e 1, vweaaoplogesisshows the results of a case where ppCEIVRLILIINRBS
i ntroduced fromthe 30 water heating pipe 8 whose open end is positioned at
the end portion of the heating section,30, and conparative exanple 1
shows the results of a case where pure ter was introduced fromthe top
portion of thq gas ttr t{?; tg?fkt (2)%044 0p89515 21 PCT/JP2004/ 004488 3

e

(i.e., the inlét df ating se atiP| 8SFtéR)at the outlet of the

post -treat nent sectlon Conponent Corrparatlve Exanple 1 exanple 1 CF4
(ppm <0. 2<Q, ,lCHF?’ (pPm <0. 2<0. 2 CAF8 (ppm <0.2<0.2 C5F8 (PPM <0.2<0.2 CAF6

(ppm) <1<1 £8or) <2<2 NE3 (ppn) <1<l SF6 (oom <1<1 HFE (ppm) <1<1 Si F4
(ppm<1<1 |5 It can be |seen Gfa{songghg 1%, hhat alsmall anount of
t he gas corrponents had been det ecte at t eif of the post-treatnent
section as %@own I n the examﬂSat—ltaadtmbIme: meptat@ﬁll ve exanple 1. These
resul ts sHoW@FPORARY Hese gas conponenfs were efficiently treated in the
case of 14 supplying tlhe s SodLen from t hReMRETrSt et i hg pi pe (wat er
example 1

CF, (pprm} <0.2 <0.2

CHF3 {(ppm) <0.2 <0.2

CsFo (ppm) <0.2 <0.2

CsFg (ppm) <0.2 <0.2

C4Fs (ppm) <1 <1

CO (ppm) <2 <2

NF; (ppm) <1 <1

SFe¢ {(ppm) <1 <1

HF (ppmn) <1 <1

SiF, (ppm) <1l - <1

5 It can be seen from the above results that a small

amount of the gas components had been detected at the outlet
of the post~treatment section as shown in the example 1 and
the comparative example 1. These results showed that these
gas components were efficiently treated in the case of

10 supplying the pure water from the water heating pipe (water
vaporizing pipe} 8 which opens at the end portion of the
heating section 30 and also in the case of supplying the
pure water from the top portion of the gas treatment tank
3 {i.e., the inlet of the heating section).

15 Next, there will be described study results of a HF
gas produced by supplying water (H,0) from the top portion
of the gas treatment tank 3 (i.e., the inlet of the heating
section). In order to confirm that a corrosive HF gas is

produced at the heating section with a high concentration



vaporizing pipe) 8 which opens at the end portion of the heating section
30 and also in the case of supplying the pure water fromthe top portion

of the g%ﬁo&&ﬁ@%ﬂ%Qt tank 3 (i.e., the inlet of the hea&*ﬁﬂﬁﬁﬁﬁﬁhﬁﬁ)' 15

Next, there w e described study results of a HF gas produce
supplying water (H20 fromthe top portion of the gas treatnment tank 3 (i
e . , theinlet of the heating secti8gd) . In order to confirmthat a

corrosive HF gas is produced at the heating section with a high
concent r at FBRIVEIE6042 689515 PPPPETLIPL0N Db44BEPvihent poneofiatee ¢ Ss

suppl o4 LGB OR B 490 8416028 LS K o i o

gas-introduction test was carri’e

to the abovétbxhaliestiges dpwatabnts appdnailsntinger thbe abeOWsiithust
conditions; 5 {he eclectric tube furnace (the heater) 9 was controlled so

that a tenpePatiré Bt heRBEAATESe Wit ofheafaadd omding aroredihion50C. I n

this tést, CF4 weilsesuppkiediat wadd ow AL g af m Am F3, 180 m / mn,
and C4F8 60 ml/m.n. These PFC gases were nfgedéaﬁﬁh g hgeﬁgg éﬂpdT?%d 10
at a flow FaRETef 1£20 5P kb tamd tampdmatoxedafi bhesopphiled i Atrendteow rate

f 30 1/nipg, i R treatnent tank 3. 1n ord
Lo moasur & A ansint L1 OBE brodddee by Mudig NRGr (RRORS FURRLER (e

outlet of aheahBhbtwngasecdifod S0milmMas SERPlegh thi PHOR, t BeaWet pI deating
pi pe 8. Tabi? 2_shoyws the Eest results of the above gas sanpling. In table
2, conparat{ V&lexanpfa2P Ehofe S5 Sc e avidife it e F: was supplddated

from tibe top Partdwn Hfetde UG 1 /684 k L4 §ariLhe Jinl et of the
heati ng section and eianple 2 éo sﬂ%ﬁg %fga£%§mé%%§aﬁﬁfﬁlﬁ£P W not

i ntroducedt T%tb%@;oﬁ cad-eato ft 0 ol then, ohndhd hpostin teatitest dedid Ghe
gas treatment tank 3.

In order to measure an amount of HF produced by adding

water (Hz0), a gas at the outlet of the heating section 30

15 was sampled through the water heating pipe 8. Table 2 shows

the test results of the above gas sampling. In table 2,

comparative example 2 shows a case where pure water was

introduced from the top portion of the gas treatment tank

3 (i.e., the inlet of the heating section), and example 2

20 shows a case where pure water was not introduced.

Table 2
Gas at the outlet of the
post-treatment section
Component
Comparative
Example 2
example 2
CFy {(ppm) 2700 3000
CHFs; {(ppm) <0.2 1200
C4Fs (ppm) <0.2 400
HF (ppm) 8000 <1

From the above test results, it can be seen that HF,

25 which is a corrosive gas, was produced in the heating



Conmponent Conparative Exanple 2 exanple 2 CF4 (ppmnm) 27003000 CHF3

(ppm <0. 21200 C4F8 (ppm <0.2400 HF (ppn) 8000<1 From the above test results,
it can beygagsdshas HF, 25 which is a corrosive gas, jn the
heati ng WD 2004/ 089515 23 PCT/ JP2004/ 004488 section w rﬁégﬂﬁﬁ’g%&%d
concentration in the case where water (ZHZO) was added fromthe top portion

of the gas treatnment tank 3 (i.e., the4Pnlet of the heating section), as

shown in con[crplrarativ. exagjé{e 2. However, it is clear that HF was 5 not
produced i fi e Hedtiny BttIDIFFRCeRBrakdeonwier éhmtcerse (HR2M) e wast aot

added, as showmn wAsexamRle 3 r L L1 _be_described test results of
a case where a H2 gas was intTo uece%c}?%%\‘t%Singd @5 FaSert qadlgyent

instead of taadi dg (Water (HE0)inIke desthachappanat s ATbl0, the d1skhng
conditions;su reatment tenperature of a gas were the sane as those
of the abo%r(;i ?@?%Fglttr}‘f%ieg%e, ry()iF4H9\}d§V§ﬁpprCeélsa@19arl bhatallE wds 450

m / i n,5 CHE3t 1800 dlibridn i nCAN8 1B8a vl AR fecBik . d Q1200
m/ mn. Thgﬁe gases to be treat e?j Weg‘e n?xedﬂvmﬁl?hﬂié@a% vg{;%r%df)apt_r?léd at a
flow rate 6F29D0"3FnPRtafddsd, f@F sbewWbatitoressampl eed.at a flow rate of 30

1/ mn, and then ybptrodyeed {84 e reafnent, tank 3. In_order to
confirma treatnent effec?go Eégp%gyfiggéréﬁ)ﬁf{ gefss,t %%t&ﬁfﬂ?é%ﬁﬁ? omthe

wat er heatVhgrpi peig gits w2t drfirmduad® =5 as étollprfiduuééls,sﬁggrogm%?pﬁl yi ng
i Y

r rs e Ws the resulf{s of this test as exanpl e le 3
pure water;ns{able 3 %@%1ng water lézO). The testing appggatus and

10  the testing conditions such as a treatment temperature of
a8 gas were the same as those of the above tests.
In this test, CF, was supplied at a flow rate of 450
ml/min, CHF; 180 ml/min, C,Fs 60 ml/min, SiF, 60 ml1/min, and
CO 1200 ml/min. These gases to be treated were mixed with
15 a N; gas supplied at a flow rate of 120 1/min and air for
oxidation supplied at a flow rate of 30 1/min, and then
introduced into the gas treatment tank 3.
In order to confirm a treatment effect of supplying
a H; gas, H, was supplied from the water heating pipe 8 at
20 a flow rate of 1.4 1/nin, instead of supplying pure water.
Table 3 shows the results of this test as example 3.

Table 3
Gas at the outlet of the
Component post-treatment section
Example 3
CFy (ppm) <0.2
CHF3 (ppm) <0.2
C4Fs (ppm) <0.2
CO (ppm} i <2
SiF,; (ppm) <1
H; (ppm) ) <100




Conmponent Gas at the outlet of the post-treatnment section Exanple 3 CF4
(PPmM <0.2 CHF3(PPM <0.2 CAF8(PPmM <0.2 CO ppm- <2 Si F4(PPM <1 H2(ppm <100
WO 20041G883dd0k8sh5 IP2004/ 004488 24 From the above testBk%Bphﬁ@th&{can be

seen that fluorine conpounds were efficiently treated by introducing the
H2 gas and it is possible to obtain the sane treatnment effect as the case
of adding water (H20). 5 The exhaust gag%reatnent nethod and apparatus
according to the_present invention are not limted to the illustrated
exanpl es. Al t hou§RO%ertdf napedrertest sesaditrent stofcarheopr esent thwenti on

have been 13 « H8AL ' [ PP oul d_be .under,st ood  hat
vari ous 10%%?%&% and mﬁ??%ﬁ%o%g%%yl%%ﬁ%g}er?%%? iBY it UCHRBarti ng
fromthe stbpeEpnfgaheapdesénisipueatbae. tAsodesdn hed abene t @acoardhag to

t he present __inyentio it _is possible to efficiently and econom cally
det oxi fy afféfhaust® gggecSﬁfﬁi i n@‘ghfrfﬁo‘f’?ﬁ%rcdﬁp&hnd 15 which is

di scharged from ahsentgBadyst ogakabti-catthh+ aRRATAIYS t ' Lt hout
causi ng any danage to the heating section. Indusgg%ala %ﬂ!%ﬁﬂ%*%#€%20 The

present ingERPFER NS pptheapresent al meensd cane r cappdr dtinsi ted €6 fiiteent |y
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embodiments of the present invention have been shown and

described in detail, it should be understood that various

10 changes and modifications may be made therein without
departing from the scope of the present invention.

As described above, according to the present
invention, it is possible to efficiently and economically
detoxify an exhaust gas containing a fluorine compound

15 which is discharged from a semiconductor fabrication
apparatus or the like without causing any damage to the

heating section.

Industrial Applicability
20 The present invention is applicable to a method and
apparatus for efficiently detoxifying an exhaust gas
containing a fluorine compound which is discharged from a
semiconductor fabrication process such as a dry-cleaning
process of an inner surface of a semiconductor fabrication
25 apparatus or an etching process of various types of films

such as oxide films.



process of an inner surface of a sem conductor fabrication 25 apparatus or
an etching process of various types of filnms such as oxide filnms. WO
2004/ 089546 28m /0844 M5 PCT/ JP2004/ 004488 1. A net hod of_@t@gihﬁgﬂggm@xhaust

gas containing a fluorine conpound, said nmethod conprising: 5 heating the
exhaust gas in the presence of 02; and hen addi ng H20 to t he exhaust gas
to deconpose or oxidize the fluorine cémpound. 2. A nethod of treating an
exhaust gas according to 10 claim 1, wherein the fluorine conpound is
deconposed or oxidized in the pr esenC&HMS cat al yst after HROis added to
t he exhaust gas. 3. A nethod of treating an exhaust gas according to 15
claim1 or 2, further conprising: before said heating, renoving at | east
one of a pomderg 'gﬁﬁﬁﬁgﬁ@,oé Clgng 1ok eexbapehents a6 taidwgohytic
conponent §n 5 by @g}@@g as . thod of treating an exhaust gas
accor di ng togggny%one of Cﬁug.f mga%%t gﬁeﬁ“ﬁ;r‘fﬂl&}?r&ﬁﬁqgi ng: after the
f1uori e conpounkiea$itecaiposechansoxydszed, tHEMBYLREnAR 3% ¢, 9as,,phi ch
i s produced mhen%ﬁgg %I%ﬁrin cggpqgﬂd i s. deconposed, from thé exhaust
gas. 25 5. A nethod of élé;tieif'?é) exhausthgss tc o ai B ndegomplaser i owe
conpound, sridiget ok cONPs+shAJcohedtidig the exhaust gas in the presence
of Oz; and then adding H2 to the exhaust gas to deconpose or 30 oxidize
the fluorine conpound. WO 2004/ 089515 26 PCT/ JP2004/ 004488

2. A method of treating an exhaust gas according to

10 claim 1, wherein the fluorine compound is decomposed or

oxidized in the presence of a catalyst after H,0 is added

to the exhaust gas.

3. A method of treating an exhaust dgas according to

15 claim 1 or 2, further comprising:
before said heating, removing at least one of a
powdery component, a water-soluble component, and a

hydrolytic component from the exhaust gas.

20 4. A method of treating an exhaust gas according to
any one of claims 1 to 3, further comprising:
after the fluorine compound is decomposed or oxidized,
removing an acid gas, which is produced when the fluorine
compound is decomposed, from the exhaust gas.
25
| 5. A method of treating an exhaust dgas containing a
fluorine compound, said method comprising:
heating the exhaust gas in the presence of 0;; and

then adding H, to the exhaust gas to decompose or

30 oxidize the fluorine compound.



6. A nethod of treating an exhaust gas according to claimb5, wherein the
fluorine conpound is deconposed or oxidized in the presence of a catal yst
~after H2 we enddegsist o the exhaust gas. 5 7. A nethod of ptreedobdignsasy exhaust
gas according to claimb5 or 6, further conprising: before said heating,
removing at |east one of a powdery conpgnent, a water-soluble conponent,
and a 10 hydrol ytic conponent fromthe exhaust gas. 8. A nethod of

treati ng an exhagst n0as+86606¢ RGLQ 3,80y, 0ne of clains 5 to 7. further
conprising: after the fluorine coﬁbgﬁ% i%nd%%gﬁﬁﬁgeaaéra&ﬁQﬁ@&%ﬁ tags

g enovi ng gﬁléémd Sgaswhewetn ﬂibéplfdglmﬂuthmeb@ﬂc% UD$ | A8 cofPBRUN, - S
econposed, .t exhaust gas. 9. apparatus for treating an exhaust
gas contai%f%gggg ﬁﬁbrlne %5%%%ﬁﬁ8,O?QFH‘&%%%%&?GSaéﬁﬁﬁrﬁﬁ|M§ aaled
heati ng setti ahef exHwait ngaé he exhaust gas; an exhaust gas supply for

suppl yi.ng the exhaust gas to said heating section; an H20 addi ng section
Iocateé just downstream of said heating section for adding H2ZOto the

exhaust gas by 25 sup LR F2 H. t he .exhaust gas; and an acid gas
renoval section for reﬁ%%?ﬁgoghggg%g%éifé%n%ﬁﬁﬁ%ﬁgbga RESCETIRDiNeen

the exhaus¢lgd® an@rHAD Murtherappapatiusdes treating an exhaust gas
according 30 tqmg%g'g1%§ w@eéein,said heati ng section conprises a heating
wire, and said heating wite i SSRGAME t hf ERPY 1akd apt ileast siode paft of said

heating septwdargndcospenwid t hianl watalr a8, puhh et - ShAs R of said heating
sectigg. @%6§0041 89515 27 PCT/ JP2004/ 004488 11. An agparé%ds or™ t reat i ng
an exhaust®¥IECL¥ESiGRFPanert af ren, ther eidrawsbpgasing:

8. A method of treating an exhaust gas according to

any one of claims 5 to 7, further comprising:
after the fluorine compound is decomposed or oxidized,
15 removing an acid gas, which is produced when the fluorine

compound is decomposed, from the exhaust gas.

9. An apparatus for treating an exhaust gas containing
a fluorine compound, szaid apparatus comprising:
20 a heating section for heating the exhaust gas;
an exhaust gas supply for supplying the exhaust gas
to said heating section;
an H»O adding section located Jjust downstream of said
heating section for adding H,0 to the exhaust gas by
25 supplying H;O0 or H, to the exhaust gas; and
an acid gas removal section for removing an acid gas

produced by a reaction between the exhaust gas and H;O.

1O.Anapparatusfortreatingen1exhaustgasaccording

30 toclaim 9, wherein said heating section comprises a heating
wire, and said heating wire is wound thickly at an
inlet~-side part of sald heating section and is wound thinly

at an outlet-side part of said heating section.



[ [ [ [ tion for
a catalytic reactor disposed downstream of said H2O 5 adding sec
deconpoging the fluorine conpound by <catalytic reaction. 12. An apparatus

r treaty apn exhaust gas according to claim9, further conprising: 10 a
I/vgt er heg*‘?%%”@?%é:’ di spoged at said heating section; wheF&FH0 8o be
added to the exhaust gas in said H2O adding section is supplied through
said water heating pipe and is heated By said water heating pipe. 15 13.
An apparatus for treating an exhaust gas according to claim9, further .
conprising: a water heating pipe disposed outside of said heaFlng secti on;
and an external jheatger gis oigd %n said water heating 20 pipe; wherein H2O
to be added to the’ e%n% BFTFaLS O§a¢’€lef‘-l§®nga%l@|€ﬁ‘élasﬂéﬂ i9F Rscoupplned
t hrough satd wabeém Qeaﬁuuxu&pecoﬂpéigqﬂgxued by said external heater. 25
14. An apparatus for _treating an exhaust” gas according to claim9,
further conprisithd2sRl¥liCereacsdorf ofl smi s di abRYs& Heres N &0 4 ths

exhaus i C r by .sai d heatin section, said'HZQ
addi ngiggf?%%ﬁba%g%og@g%% ggégﬁg’r%s\f:ﬂg sEREi S UOHEMS  CamppEaet drni ned
val ue; and-atdyphds piepetfimmreturning a part of the treated exhaust gas

to an inlet side of said apparatus so as to mx the treated exhaust gas
with the untreated exhaust gas.

12. An apparatus for treating an exhaust gas according
to claim 9, further comprising: _
i0 awaterheatingpipedisposaiatsaidheatingsection;
wherein Hz0 to be added to the exhaust gas in said H,0
adding section is supplied through said water heating pipe

and is heated by said water heating pipe.

15 _ 13.Anapparatusfortreatinganemhaustgasaccording
to claim 9, further comprising:
a water heating pipe disposed outside of said heating
section; and
an external heater disposed on said water heating
20 pipe;
wherein Hz0 to be added to the exhaust gas in said H,0
adding section is supplied through said water heating pipe

and is heated by said external heater.

25 14.Anapparatusfortmeatingznlexhaustgasaccording
to claim 9, further comprising:
an air ejector for maintaining a pressure of the
exhaustgas,whidnhasbeentreatedtqrsaidheatingsection,
said H;0 adding section, and said acid gas removal section,
30 at a predetermined wvalue; and
a bypass pipe for returning a part of the treated
exhaust gas to an inlet side of said apparatus so as to mix

the treated exhaust gas with the untreated_exhaust gas.



