WO 2004/ 089515 PCT/ JP2004/ 004488 1 DESCRI PTION METHOD AND APPARATUS FOR
TREATI NG EXHAUST GAS Technical Field 5 The present invention relates to a
met hod and apparatus for treating an exhaust gas, and nore particularly to
a met hod VEPa0049BE At us for efficiently detoxifying an BXHARRHD4/¢488
containing a fluorine conpound which is discharged froma sem conduct or
fabrication 10 process such as a dry-cleaning process of an inner surface
of a sem conductor fabrication apparatus or an etching process of various
types of filnms such as oxide fil ngp&Hagkghodpd Art 15 In a sem conduct or
fabrication process such as an et cEin ng process or a chem cal vapor
deposition (CVDMEPHOResND APFHRATEIEORPRUAMBEAIUNG FoXHyds 6f GASr ocar bon
(e.g., CHF3) orperfluoroconmpound (e.g., CF4, C2F6, C3F8, CAFe, C5F8, CAF6,
SF6, and NF3) have been used in a system In sone 20 cases, CO NH3 or 02
may be used in a sem conductor rfadhcabiomriapparatus. An exhaust gas

di scharged froma sem conductor fabrication apparatus which uses fluorine

conpouritls, CO or TRF3 PHEFEAEs Bavelidbnonentsssueh a3 TEEhQRRB, amfiF4, F2,

COF2, C5Fe T t s 2 in es ori.pne.

1 ?f% e NE3 %{ﬁ‘f{:ﬁ? b
conpounds R CE%are not ﬁarnfu uté a ?Ecté¥ﬁéa§Fob§waarn%hgl fﬂef%fore,
when an expawsti qgdsarig dbschangedofir ama sppbcendisct Ho rf aelfrfiicatd onl v

apparatus _usin l.uorine c ounds or the like an enviraonnental
2t mospher edeFPRIS HAE UL S 140 bt 8% 15O AL AAPHRS " U85 At IRPFRG! he

exhaust gaghaee akso §9sdBEQHRRSE £ o@asaWhiehi ceadsrs dhe ralbala wassi ng. In
a conventional method of treating a harnful gas (SiF4, F2, COF2, C5FS8,

CAF6, 1t NPBYdasd gded iaf andeyhadsanigl @027 ©895 16T FaT/iJPpe047wo%ass
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 perfluorocompound (e.g., CFy4, CzFg, C3Fg, CyFs,
CsFg, C4Fe, SFgs, and NF3) have been used in a system. In some
20 cases, CO, NH; or O; may be used in a semiconductor
fabrication apparatus. An exhaust gas discharged from a
semicoﬁduct6£ fabrication apparatus which uses fluorine
compounds, CO or NH; includes harmful components such as
CO, NHs;, SiFy, F,, COF,, CsFg, C4Fs, or NFs;. 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 1s necessary to detoxify a harmful gas
30 included in the exhaust gas and also to decompose a gas which
causes the global warming.
In a conventional method of treating a harmful gas

(SiFy, Fp, COF;, CsFg, C4Fs, or NHsz) included in an exhaust



2 gas, harnful conponents are adsorbed by an adsorbent such as a synthetic
zeolite. However, in this conventional nethod, perfluoroconpound (PFC)
cannot be_rempved fromthe exhaust gas. Further t he adsorbent needs to be
repl aced Bt H%85 ew one periodical Iy, resulting in i nGiGTALH4O045% ng
cost. A wet treatnent apparatus (scrubbing process) has been used to scrub
an exhaust gas for renoving a water-soluble gas and a hydrol ytic gas such
as SiF4, F2 or 10 NH3 fromthe exhaust gas. However, such a scrubbing

process —cahpotyf efeye %%%&:%ﬁé}%s & Lo ”Q&séé‘@%%&' B 'é'?i' SdsHHERS Ki&G  There

has been proposed a nethod of rempving PFC from an exhaust gas with various
types of casalaysﬂsn’ﬁfmtlde@@@dolsﬁag PHOweHoavevenn ithise coatvantsion sl

deteriorated . such as CO _ C5F9, .and F6 may be
di schar gedm?EP8 h%ggg\}p%orrrgrréé)nr%%? m&nﬁggﬁiér egrinrlr%idhl)% AT € ottt Re

det eri or at £8RaQk tt ba scat guysthedheriee hags @k senbear e ¥ aOIRd @ geided of
treating PFC by conbustion. However, NOx or CO nmay be produced as, a

by-pro ctwb§§a@%H&e@eﬁéoéﬁCt@%éborﬁ?tféﬂﬁﬂn%o]ﬂﬁl%ri‘%ﬁ%as%ﬁr%’djém:%ﬁl% met hod
requires a,twel such as H2, natural gas (city gas) , or propane gas, it is
necessary to provide equi prrent for supplying the fuel. Further, a

conpl i cated procksyeits Yeepitnedtt appezgeus hd s copdrlat i onp roleerss hasaal so
been propo%ed a rret I&od of 25 d co 0Si n}g%PFC by a heating oxidati ve

deconposi t '8 PSRV er® i N deednpose BRE (&%, . SV ihat Fs

unlikely twa@b&@rs\&lﬁﬂﬂb&e MCHEQ@S@dly@ﬁoEyh&@S@a@a%Lﬁthﬁsj sile, heated to a
hi gh terrperature of _1400C or higher. In such a case, |oads applied on

mat er il s NRd T Hedter eFRAURE 936 -5 EQERY BEc oFRCR oM S ST I I RFQESS Fher e

has been DEQB%%drémB%U?stQ H&@éﬁ*&r’!"ﬁot%ia%’%f—sosla&w@t ed, dlydsospebon gas,
or a | ower unsaturated ydrocarbon gas is added to an exhaust gas, and PFC
is There has been proposed a method of removing PFC from

an exhaust gas with wvarious types of catalysts for
decomposing PFC. However, if the catalyst is deteriorated,
15 then harmful components such as CO, CgFg, and C4Fg 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;
NOx 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 das,
it is necessary toprovide 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., CF4) that is
unlikely to otherwise be decomposed, an exhaust gas should
be heated to a high temperature of 1400°C or higher. In
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 NH;, a lower
saturated hydrocarbon gas, or a lower unsaturated

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



WO 2004/ 089515 PCT/ JP2004/ 004488 3 deconposed by a heating oxidative
deconposition without free 02 gas. Further, there has al so been proposed a
met hod O(V&?O%%E%OISJ ng PFC with a plasma in the presence of water (HBO).
However, wheh °I's deconposed, a harnful gas such 5 asP@HE3P04(E4488
produced and thermal NOx is al so produced. Therefore, it is necessary to
provi de a separate exhaust gas treatnment apparatus for treating the harnful
gas and the thermal NOx. The Japanese patent No. 3217034 discl oses a net hod

10 in whi C@ec‘f‘@ﬁxﬁBsE% added ﬁéa@@n«axf@a%fatgﬁéece@c%&@wwf& andyhen the

exhaust gas I's heated i'n the presence of oxygen to react wth catal yst so
t hat PFC iSreecanpased IBirioxe di ziehie re Howeadrs o biemte pexdimstsedrd owgdhiopes of

OSSR sSUEh g8 VLD SR, (BB G U oy

When such {Huor | ngosempayndscar @ fedtisedecbmpdidr eseneen il W rsudmost  of
t hese fl uori ne_conpoun are . deconposed and hence an acid gas such_as

d
hydr of Puor?e @@ie* #& b?o}aﬁegﬁcﬂ%ﬁ%itﬁ’&% RP=X ChAsegienPrYdudfste ari ses

20 a problemiprbhat atheal iNg-s6659nt+af o2 98%d re£al apat stank xHa, for roded
by an acid gas such as hydrofluoric acid. Disclosure of Invention The
present inyeat topaltaseapomdetia ¢hewtokathiag 25habbeendudwigacksandt is

t herefore an objec f present invention to provide a nethod and
appar at us ?18? ?j?lgé:haﬁg I\Ha]f% exhaust gas which does not produce an acid gas
such as hydroflTieei Capanédsat watheati Y. seetli7on ofdbs gasstiseat mathod ank,
and can thus prevent the heating section of the gas 30 treatnent tank from

bei ng 1_(90r rbHeH115§h‘p & b5 _(j‘—i)a%‘.i e@AcEBr ARG _ AP eEPRSR 1A Drient
i nvention, anlher &n i tsh PRH Ak dEtiRode gt bl At Y A SXhAUSE F GBSy gen
containing a fluorine conpound,” the nmethod conpri sing:
to react with catalyst so that PFC is decomposed or oxidized.
However, there exist various types of fluorine compounds
such as hydrofluorocarbon (e.qg., CHF3) and
15 perfluorocompound (e.g., CF4, CyFg, C3Fg, Cy4Fg, CsFg, C4Fs,
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, there 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 1s provided a method of treating an exhaust gas

containing a fluorine compound, the method comprising:



WO 2004/ 089515 PCT/ JP2004/ 004488 4 heating the exhaust gas in the presence
of 02; and then adding H20 to the exhaust gas to deconpose or oxidize the
fluorine 4yR9 dn a preferred aspect of the present invention, the 5

f1 uorine conpoﬂﬁ%sF% deconposed or oxidized in the presencBP284044488¢ al yst
after H2Z0 i s added to the exhaust gas. In a preferred aspect of the present
invention, a nethod of treating an exhaust gas further conprises: before

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

wat er - sol uhd £ Logpohentexands @ bydr drytilce coppenerte faon, t henexhawst gas.
In a preferred aspect. of the present invention, a nethod of treating an
exhaust g&s3ipe hlg?rO cohprieed*hanfér 9ashd O BFSAIRE TBnPBuRdiRd Z8eESFposed or
oxi di zed, #EOViNG dompRudd d gas, which is produced when the fluorine
conpound 1s deconposed, fromthe exhaust gas. According to the present

i nvention descrilied abwksrrad exhagdt ofashecomtrasemy Bnvendiome ¢drepound is

heated.to .a required te rature ranging from.6p0 to .900C for 20 exanple,
by & hdat i TP SECRP or AR C00° AT UONEr ShdT ROV SG1di ) Tt BF o5 s
exhaust gast dhesehornet sifitoer Bi®ris de@deBotcexitst dxhitiethealsi.ng section,
an acid gas such as hydrofluoric acid is not produced even when the
fluorine conpoulftl #sPAEEEFIG A2 BPCEXi difzdd® ABEBFETTgI 42V EREL25 héat i ng
section '%nep’(fﬁéfﬁrgleqﬁé&{?r@'a@ﬁe%‘?xrard%q:eq_at%yfé‘rtmégrQéinﬂ(iri's(‘esazcb@f%% 02 is

heated sufficiently by the “heating section after being added to the exhaust
gas, and ‘thehewrtengisreddedndoathéecexitaose gasaiwowdeHZOCaupongnisecti on
Ther e o3 WIS 1 4904, ROMBUIA LS. SsepoBsi a0, o ozt ol ety o
fluorine toapexnduiss: degonposed is easily renoved fromthe exhaust
In a preferred aspect of the present invention, a
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 0O, 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 1is decomposed or oxidized. Accordingly, the
25 heating section 1is 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;O 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



gas by an acid gas renoval section disposed dowwardly of WD 2004/ 089515
PCT/ JP2004/ 004488 5 the H20 addi ng section where the fluorine conpound is
deconpos hdLzed. In this manner, the exhaust gas_is treated to be
har ni ess?‘gg%g()“?féb:iti en released to the atmosphere. 5 | nPCRgPH0&84488
invention, air or an 02 gas is supplied to the exhaust gas containing the
fluorine conpounds so as to add 02 to $he exhaust gas, and the exhaust gas
is then heated to a tenperature ranging from600 to 900 C while adding

water (H2@hd ogjdieagdhausts@asiofhushe ABStEIE Fheokd fd uebmpe ERIPEENdS
except for PFC such_as CF4 or SF6, which is unlikely to be deconposed, can

be deconpESEPTRHO TG dPL X1 8d2E6 -harkft ddvis FppbRer, d8CoRIdsEsbnIsp

oxi di zat i i o] i r.ese of .a I t (e.qg.,
Gra. 676) ehat TECERI el (o ba Se oL bd Sars Roap! ot 575 ofb e Hocomposed
at a rel atbitwelgpeomet enperature of 600 to 900C by catal ytic reaction.

Therefore, when_catalytic reaction, i.s performed after the heati X1 dative
deconpdsi tion, f&r %gﬁ&ﬁ?ﬁ?ngajsnXSﬁﬁ&ﬁéﬁt§‘l§u8ﬁ AR Crdagnys %#%Piﬁg are

unlikely tQ bedesdrpesedakutoneed findech & eat@dlr 20ei BoNbBWnefs tshe agl obal
warm ng can conpletely be deconposed and renoved. - According to_ another
aspect of toh@dst éxeC ithreihaiist t9epe pBdpithE gediaisiet®hwd &6 EREAti ng an

exhaust g tal ni ng lyer, (oTelyse d e d $ LSl ngs 25
heat i ng t%}a‘ex%{lau%% %asel?rﬁgt ﬁeﬁﬁj}gslenceﬂg? Sﬁgjﬁar? t%ﬂ %@gi érzlghﬁlglteo t he
exhaust gasidingecontposEHa?) oxe dilze ekbaufsltugrase Bmpounmdostnod& phef erred

csPect ol A PLESeIL L Dveati o Llec (1 yar! pe gotpound s decomposed o
gas. In ajy eherined yaspest dcdhpoRkesSebhn PYedttOfpoded or oxidized
to be harmless. Further, decomposition or oxidization is
performed in the presence of a catalyst, so that PFC (e.qg.,
CF4, SFs) 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
SFs 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,



met hod of treating an exhaust gas further conprises: before the heating,
renovi ng at | east one of a powdery conponent, WD 2004/089515

PCT/ JP200¢4/P84 510 a wat er-sol ubl e conponent, and a hy, i onent
from the exhaﬁ%? bas. In a preferred aspect of the pregg%?hﬁﬁb%W%ggﬁ, a
met hod of treating an exhaust gas further conprises: after 5 the fluorine
conpound i s deconposed or oxidized, renwving an acid gas, which is produced
when the fluorine conpound is deconposed, fromthe exhaust gas. According
to the presenitdmvenliubhe @tiBogastandnana V24983 vEe.cgcompiomeral Eradded to
t he exhaust gas, instead 10 of adding water (H20) . When H2 and 02 are
added to t?%eeﬁﬁgﬁgﬁtgéEFSMHter can be produced in the exhaust gas which is

heated to a hi gfhtﬁn'??crééftelﬂreed SugPewat &fr (H20) ppeaduaed; fyoman and 02 can
deconpose or oxidize the fluorine conpound as Wwth normal water. |If the

exhaust gasetohntapAsteeat{ng)ansxhersinganaiertban pemprddesed afit esuppl yi ng

only a-H2 gas ne e .« Accordi ng to_another aspect of .the
presen? in e%t?%ﬁ?Eggﬁe§§ﬁ¥§hﬁgg§fhéﬁxﬁh é%%%?a?ﬁéa?%rl%FéétFﬁgogﬁlg§haust
gas contaimisngid dheerwhéchompopmddudeed afpat atis £OAPF L slengomPdehdieat i ng
section for heating the exhaust gas; an exhaust gas supply for supplying
t he exhaustS ga8cPBPATEheatT My tg%c?ﬁ&%qs§uﬁ4@€)adding section | ocated just

downstream of  tXe-heat hid +8e¢hi-on fieREdi REcHRPAO they exhausih gas by
supplying H2O or H2 to the exhausf gas; and an acid gas 75 “renoval section

for renovi®g @ms a¢edggas aprdducel dydad teathicore:Jetweengehe éxtrdisstd gas and
H20. Ly a pref eried aspectHob t hg bt egent,  gyentd ony the, heating section

conpri ses Wwre, e’ heaf’ ng re S woun Yy at "an
i nl et -si degpal twot et hmarhbat pngdd0esiechitorn eahd st wayndht Bhnl ¥ hata taed

OUt|6t_Sid€opgr£i%£ %g%perature. Such water (H,0) produced from H,
and 0, can decompose or oxidize the fluorine compound as
with normal water. If the exhaust gas contains air (o2)

15 therein, water can be produced by supplying only a H; gas
to the eXhaust gas. 4

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
sectionj;- an H,0 adding section located just downstream of
the heating section for adding H,O0 to the exhaust gas by
supplying H,0 or H, to the exhaust gas; and an acid gas

25 removal section for removing an acid gas produced by a
reaction between the exhaust gas and H,0.

In a preferred aspect of the present invention, the
heating section comprises a heating wire, the heating wire
is wound thickly at 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: WO 2004/ 089515

PCT/JPZOSéé?QQ&Q% 7 a catalytic reactor disposed dommsg&igﬂgﬁ%w%%% H20

addi ng o7 deconposing the fluorine conmpound b

reaction. It is preferable that the heating wire is wound 5 thickly at
two-third of the heating section, and is;swund thinly at remaining
one-third of the heating section. Wth this structure, it is possible to

wi den the pegperaitrie: Heange netessasydf abwhhe heat idg oxé dato vedding
deconposition wthin the range of 600 to 900 C. Further, it is also 10
possi bl e t 8epLéPENECE FBABEPICITY P& fd USHARCPRCUNISRNhFa it vtife
subsequent .catal;ytf ¢ reactor from being increased to 900 C or higher. |f
the heating wire is wound thickly at the whole heating section, the

t enper at ure rangétnecespapyfefr@blichethdd helaei mpaximat wie eetsnpesithdon can

be SEoU oS WD L1 625, 0l L1 oheve oL LGV vty I1 Al ggcase. @

t enper at ur e exhaust 'gas own ic y

excessi vel ynbaliynareassdi han00ne-ah ikidber thetheisteayskvgtibe dewethorati on
of the catalyst to be 20 accelerated. In a preferred aspect of the present
i nvention, thAS &igatatusef of tt PEatR S HRlexfudtidpir Ehet AGRNDEVEES: a

wat er heat i-ng Jui Re. di $p956d £l tﬂ;rf'e m@@&%@ﬂgs%%iic?@ﬁiv&mlﬁre%ﬁ%%ﬁoﬁe added

to the exhaust” gas in the H20 adding 25 section is supplie t he
wat er heat wnghdinpetlamdrasgehedt ¢ byte heO0Rat’€r. heditt hyepi pe.t |is aapreferred
aspec f the present invention n ratu haust gas

furt hfe]TCPcoﬁﬁFiSsl :© tg %?‘e”renﬁe%"ttle%n epr?%ggﬁ? sop%l;ﬁe%r %%f‘glla%g:ng?g? gé‘ﬂégfgi ng
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, 1in 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 edwdsauedside water heating pipe and is heated gyr/isyocosiggnal
heater. WD 20041089515 PCT/ JP2004/004488 8 According to the present

invention, water (H20) to be added to the exhaust gas in the H20 addi ng
section is heated sufficiently by the Water heating pi pe provided at the
heating section, and i s thus vaporized. Therefore, water 5 to be added in
the H20 addi ng Fee¢?PBAIRY Hedthrl e 2enf ginv eehperat wrEerandzPerice Qe

fluorine gaoa;@g&% Gon aiied 4t galhenexhausto %mgrgg{) s%fecfﬂdicar?qté B8 ed

deconpose oxi di zed. The water heating pipe I sposed I nwardly of
a circunferehicabntdly lwf the hedténghsedtingn pipsuphloxisiead eatO ttHwat t he

ter heating, pi ds Linear] irally. A tively, the heati
Sect] on Moy RaVBURSABUBLR AT 6 RN B RO £47 g Sh L AREE VAT Snd an |

outer wal lgoS9e hhatdaiheaher ,6 RHOMIdEGddride 1ioangEaveld tand theymat er
heating pipe is provided in the outer wall. Water (H20) 15 to be added in

the H20 add¢mpesaétiten fay bersispitied fion ne heomapepdheamitmg (g el n
t endi i i nsi - t] i . heat ed
ext endi ng ﬁﬂgg%ﬁlﬂ%ﬁb‘ée?;%ﬁ'égﬁPélehtaﬁe/{]rﬁga&aoﬁggts'e‘?{‘graeq By, Je, heate

by the extern eate s struc a femperature of water can be
control | edlthy tWeetext @erdlidrapépeasnagsiveeddi2@olsed pnekerdled aspect of

compr| seercERUERE AL, IR RE hRs Brab 8 Bes I DA e ha Rttt gas,
whi chihbas begs theajgdcbyhthe iRRALINE: SBctd0fs 182Dy addishd rs€cty on, and

the acid gas renoval section, at a 25 predeterm ned value; and a bypass pipe
for retur thfeanpadvelof, the thraapl By exPatisengas vt basg pnlepbdiegerakl t he

apparatus 5§0,2$ k% Wohdhes 1£§aLE0; GXAAUSE, IRS, i t hn t BE LUt eated sgexhaust

gas.
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 invention; W 2004/089515 PCT/JP2004/004488 9 FIG _2A is a view

showi ng anOeEI¥5of a gas treatnent tank; FIG 2B isPSTeRHAHAY*S enl ar ged

view showing a heating wre incorporated in the gas treatnment tank shown in
FIG 5 2A; FIG 3 is a block diagram shoaw ng an exhaust gas treatnent
apparatus according to a second enbodi nent of the present invention; FIG

4A through FIG #Dcar 2avi £wsv eawhsistonh §oh i@k xakbh BXheg 9§ tar vt ®en EH20)
supply or a H2 supply incorporated in the gas treatnent tank; and FIG 5 is
a bl ock di §§F1é<rﬁ showi ng an exhaust gas treatnent apparatus according to a

third enbodi ment pof; thg ; PLEsEALmEMMENELIRr JRy BESly éfﬁg%ifr@f a@%{%ggg Qut

the Invention An exhaust gas treatnment apparatus accordingto e ment s
of the presénte iimamponaned| ibetdesgrsbedeaislcovt Wi dihk refiewente FoGt he

dr aw ng%. ?i ke or corresponding 20 parts are denoted by |ike or

corr espondi ﬁ‘g reference nunerals throughout drawi ngs and will not be

descri bed bel owrrgpet3 tigelay. bFbE« b ishpwsm aBhexialtst agasdyaitegt s
apparatus according to a first enbodi ment of the present invention. 25 The

exhaust gadreaddaterhEPRipa Bt 8e o Best @ pFecorsherprdiqwatt of £be

renovi ng powdery, CopeRgRt §n; Wat er-sol ubl e conponents, or hydrol ytic
conponents from an exhaust gas containing fluorine conpounds, a heating
FIG. 4A through FIG. 4D are views each showing an

10 example of a water (H;0) supply or a H; supply incorporated
in the gas treatment tank; and
FIG. 5 i1s 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.
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.



oxi dati ve deconposing section for perform ng heating 30 oxidative
deconposition of the pre-treated exhaust gas, and a post-treatnent section

for post-treating _an acid gas such as HF which has be y the
heating B¥ 2(9%1"?8\3813 deconposi ti on. WD 2004/ 089515 PCT/J%%%?@H@E%? 10 In
this enbodinent, a fan scrubber 1 serves as the pre-treatnent section. An
exhaust gas to be treated passes through the fan scrubber 1 and then passes
through a m st separator 2. The exhaust gas is introduced fromthe mst 5

separator 2 intdrm tgasstegabdenknignks 3f4Hr sughpare rexhatstvegassi nreoduct i on

pi pe 11. The fan sgcrubber 1 and the m st separator_ 2 are supplied with
service vvéi@“@r’e?ﬁﬂﬁ 7 &FE 1R er D TR § %Bp?éffeaefg’éﬁla‘& P& St ay

provi ded i¢hea6hh fhet Benfaprsehehibar Jhanddhe 18 st ssepRapaly@ a2nithe
exhaust 10 gas containing fluorine conpounds fl'ows fromthe fan scrubber 1
toward t hesgnasratepafat ofhe ekhbesieiors Wrodghirodneedcbnpacthwi i siat er

sprayed ”é’erﬁ%érPQEEé’gtErix??% S zq%sa“& Dense ponder ?8?88@%2%%’ ﬁgﬁg‘?{s'tso' ubl e

conponent s, roly onents are renove rom ex gas. 15
| nst ead ofgddeidtanosacubber pipet he .pr&her Eahnmeatruddeid dnantheomirditse a
wat er spray tower, a_gas passage stirring tank, or an adsorption tank

g
filled wi t}ERATAHSEr hehf SsHERPIAS S &dibh STV et iWateA R4r BBALSTRE dnat er

spray towefatihe wigashPAS SRS $dd fidY 4 aRlbe @R Lhe Ladsardd b o tank, can
al so 20 achieve the aforenmentioned effects. Water i's'retained in a
circul ati nef ttérk fEFascamipbies dupphi Betol shesdrarateybder The pyrbaust

circulatin u | ses t r. yj.ces.to b e s the
pre-t ?gat n%ah%) gocﬁ%%@%gg C%@%ﬁ??% bce&g%%é\g%%? &d ]gg%grs di%%o?oe%%%pgfnag}lts in
t he exhausécr@bbgasltioobartreatad] sa degaeeatoa ’hwhhlpowhdemrsy adreugixed, or

states of the plant. Since an gdsorgtion t%nk filled wth an adsorbent uses

no water, TRUPsCRbFeahl BIFBrYaAtEasEPRAYSE TTom the water sprays, an

hence powdery components, water-soluble components, or
hydrolytic components are removed from the exhaust gas.
15 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
a circulating tank 15a, and i1s supplied to the fan scrubber
1 by a circulating pump 15 which compresses the water.
Devices to be used as the pre-treatment sectiéon can
properly be selected according to components in the exhaust
25 gas to Be 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 eguipment is provided in the system.
If the exhaust gas contains materials which should
30 speclially be maintained, such as arsenic (As) or lead (Pb),
then waste water used in the wet scrubbing process is
contaminated by such materials. For such cases, the wet

scrubbing process is not suitable, but the adsorption



no waste water treatnent equipnent is provided in the system |If the
exhaust gas contains materials which should 30 specially be maintained, such

as arsenjc of. lead (Pb) , then waste water used ig-4h800¥Rlbs4s§" Ubbi Ng
process ?g)&@%ﬁpékinated by such materials. For such cases, the wet

scrubbing process is not suitable, but the adsorption WO 2004/ 089515

PCT/ JP2004/ 004488 11 process is suitabl®&. The fan scrubber has a high rate
of renoval of the conponents with a small anount of water being supplied.
Further, tiheofanssépubbéitafds an Bxeefdenicrebpabi hiatsy aoh igdptuftis g powder s.

Al though tpe. wgLero SRLAY BRIl f QU 11es 8aiNcLeanad auqunlo ol gl er to be

supplied 1 er to achieve a hrgh rat renova he conponents, the
wat er sprayuppieedcan Fedudewosthef fide appatdiars hbecauseeakcdltlsersi npl e

structure. A liquid in_the gas .passage stirring tank can be adjusted in pH
by 5 neut rGFPEPAY L OTC B LY SR bt of LRI braie P PSS bage
stirring taple hasqa ikiedhahat 8 cole JRIMWAloWBIt COMRANENt 4 hat Myt e

difficult to be renmoved by anot her wet scrubbing process. In the
pre-t r eat nentodet itonachs efese il el raiove I repadedyo € dfpogerponents,

water - sol ublie cormanent s, ,or o A5 Ydrol i companenss are remmued. (Lom the
exhaust gas W th water” or “an adsor bent.” For exanple, ‘an aci as such as
Si F4 or F2bksanerbyed s aintdle exhlraustumgas A n itdel d fretheesd serds segd | on.

The exhaust K gas .whi ch has ssed. .t hrough th 20 pre-treatnent sectjon, i.e.
The fan sornlaging Eloh R RS Ba N e B8 nE% Rkt fONE Tt Gugh i e

exhausty 93§ E'lti'é‘@ﬂﬁ_ﬁteir%&opj Pehdterand,i sntheds heat #9458 0sber PxhgiZeek Or
deconposed. ? e heating oxidative deconpositionis perforned in the gas
treat ment hafk a3.higharpts pef (removails oh oompepsint Hi peptsviodtlcbnpect ed to

the gas trgatmgnt, tank 13 Ty SHPRI Y Noh §2n DECHaT ALY @b LIF JRACtLon- A

wat er pi pe
In the 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

SiFy or F, 1is removed from the exhaust gas in the
pre~treatment section.

The exhaust gas which has passed through the

20 pre-treatment section, 1i.e. the fan scrubber 1, 1s

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 O, supply pipe) 5 is connected to the gas treatment tank

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

6 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



6 is connected to the gas treatment tank 3 for supplying water (e.g., city
i ndustrial water) necessary for the reaction. The city water or

wat er or

the industrial water is 30 purified up to a level of digtil]l r
wat er byWO0§ESE¥ Spurifier 7 connected to the water pi ﬁ’ect ,@ﬁ@‘%g

or

pure

t hen

supplied to the gas treatnent tank 3. Thereafter, the purified water is

vapori zed by a water

heati ng pi pe and is2 WO 2004/ 089515 PCT/ JP2004/ 004488

12 supplied to an end portion of a heating section of the gas treatnent

tank 3. Adespaicdety, ameted peguivadotfos hbetiheackicdn oy bhehsprgayed Wi th
a spray provided i

he _ heati oxi dati ve deconposi ng tank (the S
e R PPl A Sty S S
this casesedbeiSRMYLHIBbeR ey gﬁaéheg Sela yapos{ zeddl Mn tthe: hheatiidy

oxi dati ve deconposi ng tank

FIG 2A shows an exanple of a structure of the

gas treatomhdatifiR, IWEPTPCSIPE | kamkschdrmt besent aegédenitenran® showi ng a
heat i i I d_j - : nin RE.G, . 2 Th
oot g WEehISORIEL L0 008 LeEIERL Lantsaliounotn B T

gas treat nen

urnace

serving ascaseheaher .sprdacde watnder i of hpladtesl nenternvs g hawd ngnarthe
excel l ent therpal con ug{ivitg are providggion an inner 15 surface of the

el ectric ti®RC+EFnIce

17§ R aTHESIHI

of ceram'cs and

qﬁ'through whi ch the exhaust gas

passes. As showyi® P sBBws the &tesbiicotrube Surnaeer@ Bastadeptd ng wire
9a which is wound thickly at two-third of the heating section 30 and

wound t hi nfyeatmedimitaindg cfed third 8B fheaheatiampbCsentlipdge3D. VAgWh this

air (

) supp

from alr pipe S heate t

IS

Structyr e, - shutenal i, Suliaust g sanal i ng: ALugtine camaunds and

erature ranging

from 700 tanR08C8owhhemenher PA .whiTie tdes heakiangnemt et@aki 8 hars anged i s

not limted,to the manner. shown in Fl 2B. For 25 exa
9a may be SbGARITLG (%1%& §dadt & iy

15

20

25

30

I
ceramics and serving as

Tiimet © na
heater. A large number of plate members 10 having an
excellent thermal conductivity are provided on an inner
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 8a which is
wound thickly at two-third of the heating section 30 and
is wound thinly at remaining one-third of the heating
section 30. With this structure, a mixture of the exhaust
gas contalning 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
example, the heating wire 2a 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. A
water heating pipe 8 is provided in the gas treatment tank
3, and is connected to the water pipe 6 which supplies water
(H,O0) . 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

e, the heaténg wre



“~the Tnlet-side part of the heating section 30 and is wound once at the

outlet-side part of the heating section 30. A water heating pipe 8 is
provided in the gas treatnent tank 3, and is connected to the water pipe 6
whi ch supplzesosasser 30 (H20) The water heating pi pe 8 &IBAWEM*fbariy from
an inlet portion to an end portion of a heating section (a region 30 shown
in FIG 2A) conprising the electric tukbes furnace 9 and the plate nenbers

10. Water (H20 supplied WO 2004/ 089515 PCT/ JP2004/004488 13 fromthe water
pi pe 6 ihs f@@ﬁh etchean@htvapogsipe%byshtkhceau\aﬁeandheﬁpbﬁgzpidpbthth@ be tfear med
into a high-tepperature_ vapqr. _The water as_a high-tenperature vapor is
ejected fr %hngd%iaﬂee%ot‘g%eﬁ H MR ri Heatd B P peeBP e6aENE Se¥RETSt: gas

which 5 hag, begnr Beakad at @ 1y @bt EPRELRLURGp AN d Se ik XxedgWirty and added
to the exhaust gas. |f necessary, ‘an oxygen supply conmunicating with the

exhaust gaspémterstadt Foa wiper lleafine mixhadstogese sugprysteras Waidat i ng
section 30 my, b rQvi 0 | yi xygen (e, g.,:alf. .0 -rich
2. (R0 gt BegeRealettis o PR YLRETROSE Loyt Sohir Y AN O3
regi on 40 showdddd tbl the2hiosatexs | UBE rdovnsi s eamant oxheydreatuprdlsect i on

30 of the gas treatnent tank 3, . oxidation of CO and deconposition of PFC
havi ng f oufOBRURHFE tdaidhdht B o e %%bﬁ%f%%raegrrmﬁec%%wg%eﬂ

performed acgordinguke Hhe shed oy Qgrr&?étﬂ@é‘tiﬂﬁnﬂle%%-io-?h%d"%%@% ng
section 40 which is | ocated downstream of the heating section 30 is

sur roundedcbyvadhdaf o nswPal YA NROCEYE@INd&E - On st BhérgasX yoegatmert aiank 3. In
this H20O . ng ction , O follow ng reactions proceed due to
1% gggie O$§€ﬁfb)(§p o%%%e

addi tion wat e and 0 the exhaust gas which has been heated to
a high tenperattites, Thewef Bs@ adalinpkeidid cronorent a8 ragibea 4@diauat gas

that are consifiere, fo be hanmul o humen. Bodies, cap be 0 dized o

30 of the gas treatment tank 3, oxidation of CO and
decomposition of PFC having four or more carbon atoms,
15 Thydrofluorocarbon, and NFs; are performed according to the
following reaction formulas. The H;O adding section 460
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
tempé:ature. 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 (Hp0) 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.
2C0O0 + Q, — 2COg



section 30, no hydrofluoric acid (HF) gas is produced in the heating
section 30 because water (H20) is not added to the exhaust Jas in th

heating B&XI0HAS935 Therefore, in the gas treatnment tahk’%

PR ec

tube 30 furnace 9 and the plate nenbers 10 constituting the heating

30 are not corroded and danmaged by a hydsofluoric acid (HF) gas. 2C0
2C2 WO 2004/ 089515 PCT/ JP2004/ 004488 14 CO + H2O ~ Q02 +H2 2H2 + 02 -*

2H20 C5Fg + 4H2Qc3 808,65 5€0204+ 8kF C4AFe + 4H20 + 202 ~ 4CO, + 8HF 5 2CAF6
+ 6H20 + 502 -y 8CO2 + 12HF 2CHF3 + 2H20 + O2 3CO2 + 8HF 2NF3 + 3H20 - NO
+ N2 + 6HF I n tHé& okiYatTortH282 may be supplied fromany 02 sources
as atnospheric aktp, 02-41,60 i, and p,e 03yy 10 Peroxide may be used as
02. Inthis gas treatnent tank 3, the air pipe 5 is connected to the
gas introductiorCsHi ge 4H:0 so 2dmt—ai4Cand t33EF exhaust gas to be treated are

introdgped into 5@3%$a§ éé;ﬁﬂgn%% tan fg)fupq%ﬁﬂg top of the gas treatnent

tank 3.° The aforent
and deconposed atCHF;tenpEr@t #r e, rangi0g, f+ opHF00 to 900C.

i oned conponent’s 4 n tHe exhaust gas can be ox

and deconposition_are perforned at a tenperature of 1000C or higher,

an amount of thetWhr NOHeQused Byt NIOrn

ﬁgﬁaﬁdwdeconposition of fluorine conpounds proceed even in the heating

e

tric

section
+ 0Z -

such

exhaust

i di zed

If the oxidation

t hen

PHE air is increased. Wen the

oxi dation and degQmpesd tHQRG2Q 1AKE p@;fffaggg%@t sfapﬁoqmea akubR OJI}ﬁO@zC or

lower, it

is possible to economcally sefect a

Ire-resistant el'enment.

whi ch is reguiced sodie agsedmiasnler asaireabaenichaakr3, andngubiente. a

nanufq&}urbggocost can. be Iomg{
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%ide may bée use %ﬂé(ﬂherﬁko£ﬁis gas treatment tank 3,
the air pipe 5 is 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 NOxX 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 1s 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 spray nozzle 13 serving
as an acid gas removal section. The decomposed exhaust gas
passes through a water film formed by the spray nozzle 13
which 1s provided in the gas treatment tank 3, and the

exhaust gas is then introduced to a mist separator 14



in the present enbodinent, the oxidation and deconposition 25 are perforned
at a tenperature ranging from 700 to 900C. The post-treatnent section
post-treg#g an acid gas such as HF which is produced in %pf gF&QHBOSing
process 205 he conpounds. In the present enbodineﬂ?,/ ey
post-treatnment section conprises a spray nozzle 13 serving 30 as an acid gas
renmoval section. The deconposed exhaust 1gas passes through a water film
formed by the spray nozzle 13 which is provided in the gas treatnent tank

3, and thethexhaistargashadtherhd AtHadbest { enapibst 1s8pareh ore1daWox
2004/ 089515 PCT/ JP2004/ 004488 15 through an exhaust gl?s i ntroduction pipe

|la. The eSREURaSHRE 4SBT RhtdegHihe mietasebar atldr 1andadd i EheRen
rel eased as.g hardy ess Qaﬁaf‘:ﬂé%@% YIOsRher g PGSR e.“ozf¢§m%§r§9d the

m st separator 14 are supplied with city 5 water or "industria er,; which
i s sprayednir zdach Jofnchéhesprizt seraAmtdr al dihe stpiblsegavatbrecldy The

exhaust_.gas _.,is brought into contact with the water sprayed from_t spr ay
nozzl e 13. "ALSF Pgs&%[%usat%%/ad?o"fﬁﬁ%ﬂ T %ﬁﬁpﬁﬁge%pﬁédﬁég By Eﬁg
deconposi t is@t 6f nBG i henkd?©Ghaddi B 46psectican 1(d .. eThet behdagenpasi ng

treatnment section) 40 of the gas treatnment tank 3 is renoved fromthe
exhaust gads DuEtEhl sPtehedpragt ndzihe the Whkeposbrayest neremsEBLI on

may conpri < rdigber, r S StLLri ng
tank, or a%%al s){)?%tzlszglnéjt ank %?I %?d@%\}ll?ﬁ %Haiﬁa\gg%?gg%% gf}%ﬁi gg%z)e I%liste or
activat ed padsbrzedhbyf drhe sdeobhpos ittheomat &r BE aynt dber ,Hitheagdsngassage

crectt? Frat s o S S BS PRE Tr A Separsaie 050 426t SR to &
second énb@iisj?%ﬂi:eafcmtelﬂﬁ ptesent3 i hyeremved A rofowrhén ehiGusk: the .gas
treatment tank 3 further conprises a catal ;gtel cOrseta_c%lgéaémdims:pggg%ion
downst r eam@fS igpd of the spray nozzle 13, t jo) e
may comprise 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 1s heated to be oxidized or decomposed in the heating
25 section 30, and 1is successively introduced into the
catalytic reactor 4 where the exhaust gas is decomposed by
catalytié reaction. The components of this embodiment
other than the catalytic reactor 4 provided downstream of
the H;0 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



heating section 30. In the gas treatnent tank 3, the exhaust gas is heated
to be oxidized or deconposed in the heating 25 section 30, and is

successi i ntroduced into the catalytic reactor 4 aust gas
IS decon%@iéﬁmﬁ%bg%atalytic reaction. The conponents of @%ﬁgﬁ%gﬁgnent
other than the catalytic reactor 4 provided downstreamof the H20 addi ng
section (i.e., the oxidative conpositiomé630 treatnent section) 40 are the
sanme as the conponents of the exhaust gas treatnent apparatus shown in FIG
1. The cat appkircppe&dicor of hhas @atatgstystréatted & heteéimhl ovordderoapdsi ng
PFC. The exhaust _gas is inﬁrgduggﬁ into an YD 2004/ 08 SéahPCT/JPZO 4/ 004488
16 upper pOFPFoR™ofPRRE CAEAIYEcl FEaEt 0T % aHE F FERE LARNWEYE T f r bifan
upper cat akyskthrayer ddr FJdonwese cat ad ysthdayer) Jheadel eetedeakube furnace
(i.e., heater) 9 nmade of ceramics is disposed upstreamof the catalytic
react or 4, dasPorattente sar afalye eafeadtdic Feips tidatdedatns heperpEhat ur e
rangi ng, from: 800 {0 ,Q00G .l n HQ%&QE@E%{:% LRI N 2 B £§H§%gt HLEm Of the
catal yst can be mai htal hed at a suitabl e Tevel For catal ytic reaction by
heat of thé0@xhaust0@as. i ninotheedatiadtyd tihereatabyt U6 redodtmsedatther ef or e,

it is not 1Q necessary to provide a speci,al deyice far_ heati t he_ catal yst
b the ont Bty the. taddor u  BrE T PR R Pe ar & el Al Be vt leratd ok
ar e brought:aitihig/cont Ags cwh bh bg&ehe(éai alfySthe SOxhhaktt ke Jeaorpegitean of

PFC and SF6 is gerforned according to the follow ng reaction fornulas. in
15 the fol FeWiongtheacErbalidriful As82ch2Tnhfieh cohedines tottAe not

deconpps| th%ﬁé%,sﬂgie%adgfgfﬁ%g r}aﬁagégg'j!%tl Wevita b%rtk%%ttﬁ%gi Phkhe gas

treatnent ta d water een introduced Tnto the exhaust gas
at the endcpdrtliyemt ofn the bdehélrpyiseckiamt@0 4i spehapshgedhrek blre

tal yti 0 t 4. . Th t al_yst ' . cat al f f.l '
Compounds, 18iEh AE AP AT K SFGrTRa BT CORF bk EBnpoAET Wit ekt

catalyst, so that the decomposition of PFC and SFg is

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,O0) 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 SFe 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 + 2H,O0 — CO; + 4HF
2CyFg + 6H,0 + 0O, — 4C0O; + 12HF
CsFg + 4H,O0 + 0O, — 3CO, + 8HF
25F¢ + 3H20 + Oz — SOz + SOs + 6HF



material carried with tungsten oxide. Wth this structure, it is possible
to deconpose PFC and SF6 that are unlikely to be disconposed and have not

been decgnposed by the heat 25 oxidative deconposition. when t he
cat al ytiglrspzfﬂg“é???bﬁ% 4 is incorporated into the exhaust gPaCyﬁzggéﬁ)?r%ﬁ?

apparatus, conponents that do not directly affect human bodies but
adversely affect the global warm ng canl7conpletely be renoved from an
exhaust gas. 30 CF4 + 2H20 --> C02 + 4HF 2C2F6 + 6H20 + 02 4C02 + 12HF C3FG
+ 4H20 + 02 -->N3GO%, +nBHE RSRSt # 0B8R M & QR eSExHa S8 4 LGHFEWOa2a411089515
PCT/ JP2004/ 00448 17 Next,. nodifications of .t .exhgust %ahs t r eat nent

, h
appar at us %R:%%Fﬁ?ﬁ& FGPRE Aoy %lﬁ%oacﬁ%%teénbocf&t%%n P 3Bt PRGETi on wil |

be descri begyeRtGondhishows @egasibedat nent. AN Havighe areatefedeat i ng
pi pe 8a which is disposed in 5 the electric tube furnace 9 and extends

spirally, tarkeddavinghe Water hearing pipe 83 vddh &s gApRARH i3
di sposed & t@f HPPe- Reftd ¢, ofaddey t4.eaL 150t ;9951% %nqn@gms
t R S I cientl y per

linearly. h I's structure, heat exchange is u or med
bet ween t hef exthausit gashantingteipa08 (HER) HleWiaRy tWirictlgh < ke swatsrd heat i ng

pi pe 8a to prqduce_ a high-tenmp ure_vapor (H20 and_ hence the
hi gh-teme?gt ® WPALoT p(ci%grd)orézfﬁ{ %g‘eaﬁaéggf%al('ﬁ@néxhﬁﬁgﬁ adﬁg S 9HLS end
portion of1t{heahest.ing seethont3Q.s Fl&krdBrghevws a@s tegahmenrie tank 3
having a water 15 heating gi pe 8b which is disposed on the outer

A

ci rcunf er efe f AL CAEMG1oh RET T PENBRePEMNE LB ¢ Lp RARBSE Fade alst "k @R cs,
o f ' . . 3 sy - .
I nsteaq o (I%IT%@) Vet éﬁga{ih%”@’hﬁ’ﬁ@g wfa%%f""ﬁ'e%hclrﬁﬁgﬁlg#é?e)a?% g%@dﬁggéwat or

passage forned in t |l ectri urnace 9 ned
heating pipe Bhigpetiergrmtehe endaporti orffeP)the heatindesestionti3®. The

wat er high~temperature vapor (H;0) can be added 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 1s disposed on the outer
circumferential portion of the electric tube furnace 9 made
of ceramics, instead of the water heating pipes 8, 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 disposed outwardly
of the electric tube furnace 9. Water (H,0) 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 (H0)
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



heating pipe 8b is connected to a water pipe 6 for supplying city water or
i ndustrial water, and is disposed outwardly of the electric tube furnace 9.
Water (H2O flowi ng through the water heating pipe 8b is heated by exhaust
heat of We2095088Fi8ctric tube furnace 9, and is then sudfiVE3'¢O't4it end
portion of the heating section 30 in the gas treatnment tank 3. Wth this
structure, a high-tenperature vapor (H2(3 heated by utilizing the exhaust
heat of the electric tube furnace 9 can be supplied to the end portion of
the heati ngeaB8Ongesttonod030Fik t¥E€ ghewsraagasriy eanent, tark dwvidm a

wat er heating pipe Bc which extends from outside to inside of the C(I:Jas

treat ment tARkV3LRAd NGFn QtPtRESefd gui t#BA 8P tHech are disposed o

2004/ 089515, PCILIPRQAN 04485 +48 cheating $geld @ur%%dééggt.hemg@%ﬂ&at ment

tank 3, instead of the water heating pipes 8, 8a an whi ch are di sposed

i nsi de or hmektide pipehc dlsecpnine atidsk tHourneske 8. pilihe avdioer s upedtyiimy pi pe Sc

is conpected to a ter pj f.qr | yi 5.city water or .industrial

wat er {%hroﬁjgﬁya‘ﬁm& e?ﬁaﬁnﬁggtgéfrlallzg%ge@gf?ﬁ%b éﬂp?ﬁ{l Sanfarlorlﬁetaﬁcee%ter
pipe 6 is heateathtby thiRoextenwpal ibeatreonl & handatten syppld ad he dthed end
portion of the heating section 30 in the gas treatnent tank 3. Wth_ this

struct ure,PViat8e (FPEGr3LnBsEEEH oL & S0t UM 168UPEHI&ht kP e LISt IR bei ng

affected by,theogl set¥h& Hdthei nfWaaeeo, 3and, itshd kel surpligd, £ o 4:he end
portion of the heating section 30. Water (H20 mmy be sprayed directly to

the end podti Bntdf thhe semerhgrsecvrbrr30(ii@hdst hpatsidngo & sndub Ide
oKt o113 NERASp g e REEADG; OB R BBl e dn SYIL 005, 1.6 Ryshovs 2
suppl yi ng fatasceH?0) anthe sH2hgas saufpl Yepi pe 8Heopawds pafr tHileh enfl fipsti on of
the heating section 30. Water (H,0) may be sprayed directly
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 0, 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;Q) is vaporized,

thus causing the apparatus to be clogged. Further, Cl



heating section 30 in the gas treatnent tank 3. A H2 gas 20 supplied from
the H2 gas supply pipe 8d and an 02 gas which has been added in advance to

the exhaygt , a% ¢gd;¢ bonded together to produce water (lp@ur200dbeszat er
(H20O produce fron1the H2 gas and the 02 gas contains |ess inpurities,

conpared to city water or industrial water. Therefore, it 25 is possible to
di spense with any equi pnent for distillih g or purifying city water or

i ndustrial water, ere u0|n a cost of the tre t. appara us as a
whol e. Wat EPYGRE) ‘5] géﬁi va eFolP ¥he2BRPdatie bys rﬁﬂe lﬁgora

deconposi titgl At HREC, VatesupHADed swdtdfoduced hotas 3Q the wxhagstdgas

treatnent systemin a vaporized state. |If the water contains Si or Ca, then
Si or Ca néptse depsdsiaSe®UIGr WedEE e nmaly s Ipkod utele Wheradrr dbpel Y(H2O) is

vapori zed, thus a Fur.t her

Sobal 0pos15 P SEBNEaTaENacs e LR PRed i P88 %e onfl. 8"

cat al ys% t@sujgﬂgrimgqb@re v'm*eeeforedlshe1sllmplwacbmaﬁ@rtm¢-l2@pmﬁed&st,o be
purified water such as ure water dIS%I||ed ter- Accordin

necessary &Priovide 3 ﬂHéS@n&eﬂ?%ﬁ%% AfyPEg W?%Rﬂnﬂ%ﬁ%gwﬁg?é Réter or

distilled watgedn-d hergppapabusiciraNd & $0i 10 owacteela devheeateany
produci ng pure water or a device for producing distilled water separately

Consequent IGpndemtantayi oniesseldfattimn appasat ueTi stheénczienssdtusn tise
present e”ﬁgﬁ' {%eds'n?ﬁ yaLer, LQ %9m§889h'§% I%”H%%gqg%g %rgg]% H2 gas

and an 02 i nstal I'ati on cost for provi he Ilke can
be elim naﬁgﬂ:lfda&i is Wuaedeﬂmst agds, tgeat nerd aﬁpwzatc_wss, ateer di ng
to athird enbodeEE of g resent invention. 15 In ii, nbodi nent, an
air ejectortPHd 69Pd€ 0 Oﬁapmﬂ¥%ﬁ%ﬁﬁfpiﬁ%§sﬁpg bpe h&dst “fas
treated byeimﬁng@§tea[eatnent tank 3 at a predeterm ned value. The air

ej ect or

J 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 for
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 1is 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.



16 serves to discharge the exhaust gas forcibly fromthe gas treatnent tank
3 where the exhaust gas passes 20 therethrough, so that an internal pressure
of the 93p200if@stENt tank 3 can be adjusted. Wth thispstiurmbasoessst he
heati ng oxi dative deconposition of the exhaust gas in the gas treatnent
tank 3 can be perfornmed at a suitable pressure. Further, an analyzer 17 is
provi ded for analyzing a 25 concentrati 8 of conponents contained in the
treated exhaustf%as and a tegp rature of the treated exhaust gas.

a

Fur t her nor 8- h§ Ty FRO T HeS 18 % BpALE Ly IPFe UL A BERFsAPRRF YR f or

returning a-parlyi®ly the thiieatad Sxhavat das tha thed Rletigde of ¢he fan
scrubber 1 so as to mx the 30 treated exhaust gas with the untreated

exhaust gasxh@ushk th¥asstridieflenerhe exdrstagas carmdeordéaged to

repetitivel and. t.he a al so be easily treated in a case
where the ﬁ%gt‘ﬁengl%élth alf%(@/e %8%%%6%6% on is not required. WO 2004/089515

PCT/ JP2004/ 004488ex20Q Okldr mammbhends ekhizhes texdwsist rgasnierdatwetit a

apparatus _according to this enbpdi nen re,the sane as those of the
exhaust ga5SEredImd W%t%u]a%%ggakngotBheaﬁégé‘%ﬁaﬁzﬁmﬂ?ﬁents. 5

Next, test a{aﬁ%'i”attsusm 2@Xbausn Pas o r eAEMBE c¥h BN @npbgshicnd appanatys
equi val ent to the exhaust gas treatnent apparatus according to the second

enbodi ment desiclr iped deder Noeda s AniKedgusd thi ¥ed iwiusth tuar¢ dust typessofogases
Lo be trepief as Jntraduesd i 0ok hecl 5oL 0 BRRAFA! Us AN IO (hEy
Cppm- of" “Conp s“Fh the“g Sared at

concentration onen as was e a plurality of
| ocat ilans. thke ebtreéniceatule f yppate (fhedwsdeents was ttont galsl edaso t hat

a tenperature of the catalytic.reacto 4 was nuaintained at 750C. The gases
to be treaP@&S@Er?pJ?i%%da1B¥%FP&}%@4%%L toE3tienEs, co C3F8, NF3, SF6 and

CF4. In this teshe Sch4cwas suppibed shrAabbow (tale ofeH0A]/ MmN, wEHF3
controlled so that a temperature of the catalytic reactor
4 was maintained at 750°C. The gases to be treated comprised

15 SiF,, CHFs, C4Fg, Cy4Fs, CO, CsFg, NF3, SFs and CF;. In this
test, SiF,; was supplied at a flow rate of 60 ml/min, CHFs
180 ml/min, C4Fg 60 ml/min, C4F¢ 10 ml/min, CO 1200 ml/min,
CsFg 10 ml/min, NF3; 120 ml/min, SFe¢ 120 ml/min, and CF4 450
ml/min. These gases were mixed with the N; gas supplied

20 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.

25 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

30 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



180 mM/mn, C4F6 60 mM/mn, CAF6 10 m/min, CO 1200 mM/mn, CSF3 10 m/mn,
NF3 120 m/mn, SF6 120 m/mn, and CF4 450 mnm/mn. These gases were m xed
with the N2, @@gsosipl ied 20 at a flow rate of 120 1/ m neamgp200mooodsced into
the gas treatnent tank 3. Air was introduced into the heating oxidative
deconposi ng section of the gas treatnen%ltank 3 at aflowrate of 30 1/mn
for supplying 02 required for oxidation: 25 Simlarly, pure water was
introduced_into the ,gas . treatnent tank 3 at a flowrate of 5 m/mn for

oxi dat i on 3ahd-Becopdsifitht ggb%361k§ﬁ% Qhﬁng%P esults of exhaust gas
treatnment. In table 1, exanple 1 shows the results of a case where pure

wat er was i ntroduced fromthe 30 water heating pipe 8 whose open end is

positi onedT@Plehé end portion of the heating section 3 and conparative
The Lop partion of thd gas Trea ment ot SOE A 2Hodr 586515 PeT) DP20041 004438
21 3 (i.e.l, the inlet |of thedsatingaseenitorgectiabl e 1 Gas at the outlet of
the post-|t Feapeaentsdction Conponent [Conparative . Exanple 1 exanple 1 CF4
igpg} égﬁé FO.Z CHF3 (pgg? 58%§e<3.2 CAFSCPPRAA 0’2 <(. 2 C5F8 (ppn) <O. 2
- ppm <1 <1 CO{PPM “<Z <2 | NF3oLppp <l <1

CFys (ppm) <0.2 <0.2

CHFs (ppm) <0.2 <0.2

C4Fs (ppm) <0.2 <0.2

CsFg (ppm) <0.2 <0.2

CsFe (ppm) <1 <1

CO (ppm) <2 <2

NF; (ppm) <1 <1

SFe¢ (ppm) <1 <1

HF (ppm) <1 <1

SiF, (ppm) <1 - <1

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

amoﬁnt of the gas components had been detected at the outl,et
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). 1In order to confirm that a corrosive HF gas is

produced at the heating section with a high concentration



SF6 (ppm) <1 <1 HF (ppm <1 <1 SiF4 (ppm <1 <1 5 1t can be seen fromthe
above results that a small anobunt of the gas conponents had been detected
at the outlet of the post-treatnment section as shown i TRlse 1 and

t he conpdYQ210¢/88%¥%anpl e 1. These results showed t hat thg%%e/gﬁé)gzs%corrponents
were efficiently treated in the case of 10 supplying the pure water fromthe
wat er heating pipe (water vaporizing pépe) 8 which opens at the end portion
of the heating section 30 and also in the case of supplying the pure water
fromthe tebepoptienvaferhes gaseptéatnénvmt bhk t@p(kortionhefi thetgas the
heating section). 15 ~ there will. be . describ tudy results.o HF
gas pr oducgﬁeﬁyngﬁlécplt%% 3m9erg%ﬁ4zld}t]f$%ﬁ18'?ﬁ8nt E%S;Co%t%sonca ol?l?(liﬂeé%gs

treatnent wank 3 (Ceseind heppatetuef ethe theladhhgtosenti abpvd rextiddestto
confirmthat a corrosive HF gas is produced at the heating section with a
hi gh conceffatir6r ME00HRDBYSEE SPEHIP2 002 062488 W0 whehdphir8tRdt er i s

supplied fromthe,topeparkirqR Ofc e gas nbreatmenk takedhrf 9 was
gas-introduction test was carried out wth a testing apparatus equival ent

to the abovensxidlstd sgaghateat rempeappanatus fuhter cehe il lowierctor

conditions;, 5 The_electric tube f ac t.he heater) was _contrplled so
that a ten‘ée‘?’%?u%‘%l(r)l?at ﬁleedcg'#aﬁftqﬂ(’:&r eglcé otﬁusélqi/%sst‘rrag%t ditied ‘&P 750C. 1 n
this test, a€F4 waswsuppld ed 480 anX it atBFQf 1 460mbY M, aGdFS ,F8060d / mi n,

and C4F8 60 m /mn, These PFC gases were pmixed with a N2 gas Suxleo,ﬁ,lligd 10 at
a flow ratBL4Pit20 TIPSR ARG §°° SO DG dBt ¥ oA CUppl fellz 37S St F8t e of

30 Vg, gpdatpes, P&E@db@eﬁzbnigmﬁlﬂean@aéitrr eBLTBAL JANGS sl Pregr to
nmeasure an anmount of HF produced by adding water (H20), a gas at the outlet
of the heagitng $éeotW gret3® of 30 1/min, and then introduced into the
gas treatment tank 3.
In order to measure an amount of HF produced by adding
water (H;0), 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
CF4y (ppm) 2700 3000
CHF3; (ppm) <0.2 1200
C4Fg (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



15 was sanpl ed through the water heating pipe 8 Table 2 shows the test
results of the above gas sanpling. In table 2, conparative exanple 2 shows

a case é EM&glmater was introduced fromthe top pop¢t/@proefodskes gas
treat ment® ¢ &1 e., the inlet of the heating section), and exanple 2

20 shows a case V\/nere pure water was not_introduced. Table 2 Gas at the
outlet of the post treatnent section %%nponent Conparative Exanple 2
exanple 2 CF4 5{3{« % 00 000 CHF3 (pp n% <0.2 1200 C4AF8 (ppm <0 2 400 HF
(ppm 8000SRELFPEN é%’[nc‘reé%’iﬂ 10pt 1pahlBe C8sén "HIRATC MEEEeB5 whi ch

is acorro % §) R8s an@aear edugedH e Jwating YO 2004408931% atment
PCT/ MD04/ 004488 23 section with a high concentration in the case where

water (H2Opnkas Added .f o tive atorp oiid dreaf i nbesgas itomgat rentshewnk 3
(i.e., thelnlet ting sectiQn shvvn co rat eexarrple
b ehotba e d Rl Soct )8 SHON: LR RETRRED!hey

2. Fbmever prédu eat’ing W32tion in
t he case V\heltepy\aﬁated( h:IﬂOi)hwaISea\mn@dﬂ@dtlas ﬁﬂONMeldh:géaﬂpéﬁeZNaﬁ\Ext
there will be descri begdt?ccié results of a.case where a H2 gas was

i ntroduced (8e%hsVEs pr St eFS (FPOYR IMmKEAMP bR 4dding water (H20. The

testing apparat uge@Rd L8etheytagt b@gd@@e%ﬁdecw%ewm@@u@tgr@@t gedl se
tenperature of a gas were the sane as those of the above tests. In this

test, CF4 Whsrsuppli ethatwas firgwodteecdfsd50s e MieduceiFdatsy et n, C4Fe
60 nilnln,l§%%%a%p&g rH&anngater (H;0) . The testing apparatus and

10 the testing conditions such as a treatment temperature of
a gas were the same as those of the above tests.
In this test, CF; was supplied at a flow rate of 450
ml/min, CHFs 180 ml/min, C4Fg 60 ml/min, SiF, 60 ml/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/min, 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
C,Fg (ppm) <0.2

CO (ppm) <2
SiFy (ppm) <1

H, (ppm) _ <100




CO 1200 m/mn. These gases to be treated were m xed with 15 a N2 gas
supplied at a flowrate of 120 1/mn and air for oxidation supplied at a

fIOM/rathBEmﬁ% ;ﬁgin, and then introduced into the gagctreajoiesiusd ank 3.
In order to conﬁfrn1a treatment effect of supplying a H2 gas, H2 was

supplied fromthe water heating pipe 8 at 20 a flowrate of 1.4 1/ mn,

i nstead of supplying pure water. Table F%hows the results of this test as
exanple 3. Table 3 Gas at the outlet of the Cbnponenthost-treatnent
section Exanpl e¥3CF4 R BpAP AR 2teEHFT (PP S <018 TAFBPEpFRHE0t22E0 (ppm)
<2 SiF4 (pANsrShe 'd%ﬂwﬁdglvp&é/@@@l%é’ﬁ%§%5tf’géé82@ 4/ DOA488. 144 From

t he above test results, it can be seen that | uori ne conpounds were
ef fi ci ent| yhter Eat gdsbynidntitodgcbngsibtie MR gas aind titte isamposstdheneotobt ai n

the sane tr nt_ _effect. _as the case of adding ter (H20). 5 The exhaust
gas treatnﬁﬁ?&ﬁb Hod g%& 5ﬁ6§?éF§§35§%%8r8F%§Ito“%ﬁ@ ‘present invention are
not linfted to thee i lexisiust edreexanmeestmdht haugbheear tahd pMeberpeds

enbodi ments of the present invention have been shown and described in
detail, it 3KOUIHbe bRderStBBASERAt IATETOUL A R Ehayyes! HRdCREAER EBGI ons

may be nmede  hherel pewht haltapdeparting Aiemoe scoperghint he, presepta
i nvention. As descri bed above, according to the present i1nvention, it is

possi bl e t eméfddigient by odnd hec prnmd et | ynvdetorinf yaare éxdmusshgas eowdt ai ni ng
a fluorine CoMOYNds 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.



15 which is discharged froma sem conductor fabrication apparatus or the
i ke wi thout causing any danage to the heating section. Industrial
Applicability 20 The present inventiorgis applicable to a nethod and
apparatus for efficiently detoxifying an exhaust gas containing a fluorine
conmpound which is discharged froma sem conductor fabrication process such
as a dry-cleaning process of an innerLd%r face of a semn conductor
fabrication 25 apparatus or an etching process of various types of filns
such as oxide films. 25 CLAIMS 1. A nethod of treating an exhaust gas
cont ai ni ng al- permatieroe bnperatd "dnd" CEXhakitd IpEt RBLTOHPYA §i ng: 5 heating

the exhgdst1 @A cbRpSuAEMRRY @byl 8al @ngithddf Eemrdide 900 C while supplying
02 to the exhaust gas; and then adding H20 to the exhaust gas to deconpose

or Oxidize tHEFHLGEr FhR LHHBING2S180 2 LATRBERABEFOfr AR AR B hqust gas

accordi Bgotw whliadkMdpp Wiglieion tdherkl dRrhne: cRrpodnd i s deconposed or
oxidized in the presence of a catalyst after H2Ois added to the exhaust
gas. 15 3. A neEt¥oddstne rikst fRgthn XSt 9gastaesPaPAgetYT claim 1 or 2,

further ogoapsd $hagr1befole abduh@ating, renoving at |east one of a powdery
conponent, a water-sol uble conponent, and a hydrolytic conponent fromthe
exhaust gas. 20 4. A nethod of treating an exhaust gas according to any one

of ghainms 1 po 3, AfHEthRl FORPELEI MY arabkBhusheydd wekbraigonpround is
deconposed. or oxidized, renoving an acid gas, which is produced when the

f1 uori n€lad® lompstain | P UddURpOBRASOTRGRA ke SIPIPSSFast

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

to the exhaust gas.

15 3. A method of treating an exhaust gas according to
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

25 compound is decomposed, from the exhaust gas.

5. A method of treating an exhaust gas containing a
perfluorocompound and CO, said method comprising:
heating the exhaust gas to a temperature ranging from 700 to
30 900 °C while supplying O, to the exhaust gas; and
then adding H; to the exhaust gas to decompose or

oxidize the fluorine compound.



5. A nmethod of treating an exhaust gas containing a perfluoroconpound and
CO said nethod conprising: heating the exhaust gas to a tenperature ranging
from700 to 30 900 C while supplying @ to the exhaust gas; and then addi ng
H2 to the exhaust gas to deconpose or oxidize the fluorine conpound. 26 6.
A nethod of treating an exhaust gas according to claim5, wherein the

fl uori ne conpound & sedbcdnpbsietadringoxi dixtedisitnge hea prastEmgetof a cat al yst

af ter H%lgﬁmaéd%e§eq_nt faﬁee%ﬂ%&smeg%ﬁmpéugd A @gwﬁg%@%dt&eati ng an exhaust

0
gas according fo claimb5 or 6, further conprising: before said heating,
renovi ngpxdtdieedsin oie ereacnppvrfery cébapoiemites Watier 288fdbl e conponent,
and a 10 hydrolyli& gemponent fromthe exhaust gas. B. A nethod of treating
an exhaust gas according to any one of clainms 5 to 7, further conprising:
after the fluorine conpound is deconposed or oxidized, 15 renoving an acid

gas, which is producedpwheds the fdiugr bR xCemROYAd Ascsesenppesed, from the
exhaust gas. 9. An apparatus for treating an exhaust gas containing a

per f | uor®cdipéund and vCOhesareMRIpFafdt us conpri sing: 20 a heating section

for heating thegxhauss @as itg, arLROPEIALY €eas@nNgiNG f Lom 700 to 900 C an
exhaust gas supply for supplying the exhaust gas to said heating section;

an 02 supPideriofCcBRIFING ng B2Le D IHePeRharErONGas /i And25 sai d heati ng

sectjon;, @O, addi NG reaet ko | aratedaystgdownst ream of said heating
section foor adding HZO to the exhaust gas by supplying H2O or H2 to the

exhaust gas; and an acid gas renoval section for renoving an acid gas
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 1is decomposed, from the exhaust gas.

9. An apparatus for treating an exhaust gas containing
a perfluorocompound and CO, said apparatus comprising:
20 a heating section for heating the exhaust gas to a temperature
ranging from 700 to 900 °C;
an exhaust gas supply for supplying the exhaust gas to said
heating section;
an O; supply for supplying O, to the exhaust gas in
25 said heating section:;
an H,O adding section located just downstream of said
heating section for adding H,0 to the exhaust gas by
supplying H,0 or H, to the exhaust gas; and
an acid gas removal section for removing an acid gas

30 produced by a reaction between the exhaust gas and H,0.

10. An apparatus for treating an exhaust gas according
to claim 9, wherein said heating section comprises a heating
wire, and said heating wire i1s wound thickly at an

35 inlet-side part of said heating section and is wound thinly

at an outlet-side part of said heating section.



30 produced by a reaction between the exhaust gas and H20 10. An apparat us
for treating an exhaust gas according to claim9, wherein said heating
section conprises a heating wre, and said heating wire_i s _woun §hick|y at
an 35 i nivet2osé/ekesisart of said heating section and is V\gﬁdﬂ’g?ﬂ‘tﬁp”f‘ at an
outlet-side part of said heating section. WO 2004/089515 PCT/ JP2004/ 004488
27 11. An apparatus for treating an exhlmust gas according to claim?9,
further conprising: a catalytic reactor disposed downstream of said H2ZO 5
addi ng section for deconposing the fluorine conpound by catalytic reaction.
12. An apparatus for treating an_exhaust gas according to claim9, further
conprising: 10 é%@‘é‘r%’l@%%?gﬁspf‘bé i apbked 3t cg&icd HedBPyCSELiE;

wher ei n H2Q t o) benadded t@ Hdte exhaustigas in said H2O adding section is
supplied tzth%rough Igai d vvéllt er heating pi 5e%8and is heated by said water

heating pi pe. 1% kRitathwapparatdgéofroditspasehglewnekhgast ofasadctdidl ng to
claimQ, further Lising: a t] i i se tside sai d
heat i ng S (%é}%%; ggrglglg?ll ex %r%ﬁ?gﬁégggﬁ%%})%sggugﬁgg% (fgc\)/\lgft}j%?hﬁeg ing 20
pi pe; whereitaHOitorkecadded. to the exhaust gas in said H20 adding section
is supplied through said water heating pipe and is heated by said external

heater. 25 14. An apparatus for treating an exhaust gas according to claim

9, further conprisi Rg: agPadbkudl 86L rd OF i ABIN Al 1@ gRILSEBEE B g he
exhaust gas, which has been treated by said heating section, said
addi ng sectd onlaand 2gaifrddiar gaempEivV-ad 'section, 30 at a predeterm ned

valueioand

a water heating pipe disposed at said heating section;
wherein H,O 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. An apparatus for treating an exhaust gas according
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 H;0 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 . An apparatus for treating an exhaust gas according
to claim 9, further comprising:
an air ejector for maintaining a pressure of the
exhaust gas, which has been treated by said heating section,
said H,0 adding section, and said acid gas removal section,
30 at a predetermined value; 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.



a bypass pipe for returning a part of the treated exhaust gas to an inlet
side of said apparatus so as to mx the treated exhaust gas with the
untreat ed exhaust gas. 28 15. A neth@$ of treating an exhaust gas according
to any one of clains 1 to 4, wherein said supplying 02 to the exhaust gas
conpri ses SUf£|ylng one of atnDspherlc air, 02-rich air, pure 02, and
peroxi de to the ekHifdrrdgas. t 5eaBLNIA A BRRAP T 98feat i ng an exhaust gas

accordly&ar@laaytgn&pfon@ BieMB1 Dk 18 coWher@idsal qawpm%;;mngw to the
exhaust gas conprises supplying one of atnnspherlc air rich air, pure

02, andO@éPoﬁb%kﬁﬁhquﬁegéiH%H§F1§§§ SQEP%VﬁngAﬁnép%%f%ﬁqﬂﬁppéFlFreat|ng an
exhaustag@,s 0,36LEH diiRg E@rgl@l MQd Weseie sai ﬂl@%x%un@kyﬂéyppl ies one of

atnq;pheric air, 02-rich air, pure 02, and peroxide to e exhaust gas. 15

lo. A method of treating an exhaust gas

according to any one of claims 5 to 8, wherein said supplying

0, to the exhaust gas comprises supplying one of atmospheric

air, O,;-rich air, pure 0,, and peroxide to the exhaust gas.

10

17. An apparatus for treating an exhaust gas

according to claim 9, wherein said O, supply supplies one

of atmospheric air, O,-rich air, pure 0;, and peroxide to

the exhaust gas.
15





