; e3eDX46: TXf- 1 DESCRI PTI ON  EXHAUST GAS TREATMENT PROCESS AND
TREATMENT SYSTEM 5 Technical Field The present invention relates to an
exhaust gas treatnent process and treatnent apparatus. § pﬁg& 7§rly,
the invention relates to a process and 10,apparatus for tr g

exhaust gas, containing fluorine gas or hal ogen fluoride gas, mhlch IS
emtted fromthe etching or the cleaning steps of senlconﬂ ation
processes, and to a sem conductor deygpsertpbtogati on proc mMIMWMMWWNMWonS
the process and 15 apparatus. Background Art The exhaust gas epifd.ed from
various steps in the fabrication of sem conductors contains gases such as
20 sem conduct or ERERAESTatAgGa TREGTGIA E®S @NIarm T BykTHMSEe gases
are often harnful. They sonetinmes include environnentally unfriendly gases
and, therefore, exhaust gas contai ning such conponents cannot be directly
emtteddinto the atnosphere. 25 Methods for exhaust gas treatnent are

wi dely known,rahd, idg] udg.141) wet abatement nethods whereby neutralizing
agents such as caustic sod% (sodi um hydroxide) are used for oxidation
reaction or neutrd@heniefenteatveorticn yelateactpvendesbapssi oB6n net hods
using catal ystriadsent %réﬁé’s@%&"@ﬁéaﬁﬁéﬂ@%p@ﬁé@u@” aflseeption onto

oxides or the like, (4). thernmal deconposition nethods incorporating 35

el ectrical h@ARGICULAILY 5) LR AR FORLEE LAERT BBt AOBEOCEAE &BEh net hods
are enpboyed dgpandivy o thredarenedof anferhanes. glkecesbnyadansngave seen
an increasing.diversity of harnfu onents contained in _exhaust .gases
i ted 1 om AT A TH9RT chT T has <988, auhfeh) TaciRiEpaltry

| ar ger S|zesﬁﬁommﬁhasetnﬁtdq(pﬁ(thny@laanpm@e$tepﬂdoﬁosemipondbngby | ar ger
fabricating gnpariat S;!xeéélé 449, déhdaéé'é( 8%1@9&85d1¥8£8¥93e95cgases used
in the fabrication proce ses n addi tion I nCreasi ng use

mul ti - chanberfRHIGIC ashian -BraF egfHarat ol caMkey § hehe (PERRESHi 8BAt gr eat er
conpl exgty ofaddyrdiqadi on processes, it often becones necessary to

simul taneously treat |arge volumes of exhaust gases fromdifferent

pat hways, or to safely treat exhaust gases, stream ng in the sanme pat hway
whi | e chanmlu;dﬁyzddd&agbﬁﬂe with vastly differing 15 properties using

t he sane abat enent S nl In recent t herefore rious_therm
treat ment -type. abdiEheh SANE tedmoeer e, FEeBS Tt
deconposi ti orfakgme:ateltdmctsﬁ slmme:due:hmtmsctmg‘aaems agasbat sueht aset hods
wher ebyo | AMAN & diiflc 0AS R Uz {dF BB | | K6 £ DL O 31 8hAlnE gRE] A Ur e
to convert toxic conponents 1n ihe eXhaust

environnentaﬁ%ﬂnﬁhﬁ%9uﬂ%ﬁ%§dﬁﬁ%t°%ﬁ%ﬁd%ﬁﬁ@%é%ts TReyafaresimegbst ances, or
to convert themidies Wistatteddall £ainHei 6881y Ygds&at £6d, therefore,

exhaust gas containing such components cannot be directly

emitted into the atmosphere.
25 Methods for exhaust gas treatment are widely known,
and include:

(1) wet abatement methods whereby neutralizing
agents such as caustic soda (sodium hydroxide) are used
for oxidation reaction or neutralization reaction,

30 (2) reactive decomposition methods using catalyst
beds,

(3) dry abatement methods based on adsorption onto
oxides or the like,

(4) thermal decomposition methods incorporating

35 electrical heaters, and

(5) combustion abatement methods,

and such methods are employed depending on the desired

[

*G00002*



25 However, particularly in the case of conbustion-type abatenent systens,

t he .exhaust gas emtted fromthe sem conductor fabrication process is

subj ected to conbustion treatnent at high tenperature together with fue
gases such as utility gas, LPG nethane or, the like 30 and with supporting
gases such as air and oxygen, and this refults in the generation of NOx
gases, as byproducts, fromthe elenental nitrogen in the exhaust gas or the
nitrogen gas kRatheedi.r. NOX gases are often generated, in burned exhaust
35 gas, at very high concentrations of 1-30% depending on the apparatus
and conbusti on congPFie@ﬁs YERFBoyETe £E@Ns &eridic nansigus dawax diesh of

i nvesti gated harhidlt coh@onentd cePGMIALiPRAMAYNE HId ZnPad\0, 3 ppm
NO2). For exanple, Japanese Unex m ned Pat ent Publlcatlon No.. 2001193918
describes stufif 8% SPMEGRRGECTEOR CRETHER ttn&E OGRE SR571a5 Hles2% 0 reduce
gener at ison of mhlf)ced&lgvﬂ\aegervwselzeﬁ kufr marf@wraawsthgﬁsld:wyadﬁﬁlnq:amasgas
whi ch is used_j Jdties.far et n d cleanln steps, the
generation ofak@xhgégggggﬁgéhggyylﬁF&ﬁr égF &%¥QMﬁRHﬁ fHSSF meed of

i nprovenent . ©asvhéioghén Nasdlycloesaitey N@duM&a)dﬁagaaﬁﬁxhsad1Ih)the
Se”‘CO”dUCtOrfBEPRESQEbQ”FEbeégéé%S UShng oidi4aly e“aﬁa.qrA@§1 Gy fdporide

gases, or m xtures her eo eanli ng gases ex ibitin

per f or mance. ﬁsrmekaﬁppéamberﬁpépr Phest- fﬁd2@9®anﬁﬁkﬁﬂs anﬂ:mae 1984

report s gon reéeae@falltaelltca&bage&habmbh%quﬁa@fnqawlfc%rt%hc Qcelszdd vorine
gas and hal ogen fluorid ases is superior”tqg that o S

Nevert hel ess, 1¥1 Q6FFReP ﬁﬁngF ﬁ&FSﬁéﬁrﬂlG@rﬁd@ud§§@§QﬂﬁiMﬁ£ﬁﬂ%Fa%ﬂﬁgﬁa

strong oxi di zep$umbkholi gihaberi %abe%e@%bh\V'dtllff@@"éntth‘ifa%f}ﬁfa%‘/Qf " dpact
with OX|d|2|ng go subst ances _at ordi nary nperature resulting in ignition,

while they ar825fL¥ ﬁFSﬁFyeEBPP8§|gésﬁﬁ'aﬁﬁaﬁéﬁﬁggnﬁpeﬁhﬁ:§aﬂ¢hém§ﬁbﬁﬁhtus
mat eri al s muswhiber ehangihg shélcth¢ sgkaet, et it hORadQRY SSFEiing hi ghly
corrosi,enresi I d fromoils and water; 25 noreover,
tetraflgbroeté%?é%gggéglﬁglg & Sargﬁ§n é pyells % £ 5 gy y Tn recen
corrosi on-resyeanat tbgrﬁgorev genuggﬁdubegmaﬂabmeaame@m -&yp&r at uses are
of ten unSUItaa$§téaén£hae9haa§ cgﬁehtbenéoakuﬁieonA%ygrabaﬁ% fﬁaitens for

fluorine gas or hal oge uor | ases such as c¢ ine tri orid

there are useﬂe%B?PagéBFBPFBﬁP§y§?EH§dﬁM|EHVSCESRﬁI#§Neﬁé&@@aﬁdz@ﬁg
absorption wi ahaeémubbemétﬁaalsowhageaykahamﬁhweuwéql Ylals@RS c3U¢heas
caustlgosoda ﬁé caust|§F$ g B g g abat enent sg stens whi ch acconpllsh
adsor ption r V&l 238 851 P498956PBERAtELEN TR CRAVAYE &PHtCha or soda
i me. All suchompohedss howeler exhaustagdsawobatkei pnviabnimeayaddyrot al | ow
t reat ment of S LNj (o] trati f fluorine
gas or halogeﬁ%??ﬁééﬁgg 8§§§§§£ ?tfgﬂgénenkgle%sﬂéggéﬁg%e%g%swﬁnceg

enpl oyi ng a ve¥ E%a?@ﬁﬁﬂ?ts?@?@nﬁ@uéhbataaﬁealkaﬁﬁ senubkeeaisplyases of

| arge vol umest péatbygori ne gas or halogen fluoride 5 gases, is that the
absorption tower nust be increased_ in_size, waste treatnment of the

absor pfPon sol ut i oFCHEEBResPRBRPFRLAF Y, 1BnENRURAPRGOE0SPELHEE LRAGKEPE W t h

dry deconp05|ab@ﬂem@ﬁteﬁp@teﬁ§$teﬂs @khadﬁerQBEOBmEEﬁEMaEraﬁaEQBEHt
f.l ow batenent

systens, not % mYéon ut di f %ICU t é g

systems. but THE TRRAFRAERY fPRALERA §°8pr8§F38eﬁ§n uBPeFﬁg s&Pi d deconposer
and adsorbent0¢kaﬁtsonntdeasmenalay higheteoperatiung togethefsi wéthhe added
TRl ntenance PrQEEAYESs! £0n Qs Gat1 10y SALE V1. BRIAMERALPEADLRES: 148

Di sclosure of the Tnvention In light o ackgroun i S an object of
the préfent i3R@rTibh $EPPPHYI NG GASaBaSEHBNES pRdEaBdanUYa9sY eAndhi ch

al | ows treat nemis %e@%h@ysmgaﬁésg@ﬁbiaeﬂogoo%rﬁm SRHEONUICLAF - Lab“ cation
ases at |

processes, conta$ ng %uorl ghgen f1 uori de g

concent r at i onr ¥UF TS} %n? em%ﬁﬁa thrPgeRaiR 5fig @ﬁEPB?teBPFC|ent
and can accomwlﬁweamatm@@m ga&s ainotkeeefitrci ent nanner. 25 As nentioned
above, when fluori %Fs or hal ogen fl uori de s 1S .,used sen conduct or

fabrication process t & &S § JFREH ral FhPURP Uit abat enent
syst em3Sbut tdws pratessrpfhidie cmmeamtnmtbaescoﬂE$ sbe, pﬁébéﬁdﬁndeeﬁribed

above by allq o] C £s be.increas size and
conpl exity an%%ga%é)o’?/?%% W é&ﬂ?g f%%@?f%h%“smﬂ??go}{%gm?ﬂ t he
installation %&w&m&lometMQdsb@@e@eheesysm@estﬁgaaedetulllmitnuhh di | i gent
research directed toward sol ving the aforenentioned problens, the present
35 inventors have conpleted the present invention upon finding that the

af orenenti oned problens can be solved by using a treatnent process whereby
exhaust gas contai ni ng



- 5 fluorine gas or halogen fluoride gases emtted frometching or

cl eaning steps is introduced into a conbustion apparatus equi pped with a
conbusti on chanber having a fluoride passivation filmformed on its surf
ace. 5 In other words, the invention prgvédgs an exhaust gas treatnent
process which conprises burning exhaust gas containing fluorine gas or

hal ogen fluoride gases emtted frometching or cleaning steps, in a
combustion chadhedndeyi 16n acd! URsi devPassi ¥ahl ﬁﬁ fil g}ofnomsesi ONpbt S
surface. 10 The fluoride passivation fiimis prefer sed of nicke

f1 uori de. 1Tm9%§WR%ﬁnr%&P eS¢ ?P%ﬁ??h@eaagaﬁ nﬁaPHBéHCPF&8P|§@ g&984d-i s
preferably nol e edesddibds V@tﬁdlabeoﬁoabﬁahseioﬁl bh@ﬁb@roélh‘i@‘ésl Anghe
exhaust gas 15 after conmbustion i s gre erab#g i hhan volﬁgnl The

i nvention furlMAlprifARes tA EXPAUCSt 9GRS RFEQPnRAt NOyst HPBGUShpe SRt h an
exhaust 5gas |bufmmh@texMHmEmtga@.éu&tanninngEglgHsrmhichal@r@@@@bustlon
chanber, h n o] p nd exhaust
duct, and haeggéﬁg<¥$%o??%gg%a§§¥vaf§%%99|?aé gfﬁéhﬁﬂﬁ gt% dsF%%he surface
of the conbustérmratiemert Wo.cdrsdip®y tticwl girlef drirau, enb@aitmta t he

conmbustion c@%gggtiéhffgrggg@fogil$§§3§eﬁggttype of material 25 selected
fromthe group consisting of nickel, nickel-rich alloys and Mnel netal,

and a fluoride paé%?V%ﬁ?cﬁF@?¥n@?%dfo?h%ﬂnbﬁgthéssaiﬁacéesp tE&%maidr i al .
A;:CO{ dluog Eo s?éiﬂltdtﬁ{dtpj@ézgffﬂ?rﬂéf@el ﬂbﬂfﬁf?cgbfge§oﬁbﬂﬁbl @mu@baﬂbe@avtss ofror ][red
of a eas e erial selecte ro up consi sting o
Sl con st dL ol Slas i dR FAsFY, S L ERerES hPEedr ! Rs RiRahing
havi ng a tmrgésdsnexhﬁmmmﬂh@fhﬂgméflpenfckmhnaéloyFekeekampﬂaLIUg,

el ectrocast atln ni cke tr i, N ceram c

t hi n-filmcof?}%’ Sabier Foef HeLek s i?tr:‘gé‘* SRHO5TR| 8B i do
passivation1wdsaannhnﬁhdn&atim@ BMHtatbeoélehalnglperfbnmaﬁhe pfivent i on
v 8T LNTe RIS, A ORI AT e uor Bae OALEE 1BPELERLLGR Ppocess

conprising an et gior cleaning Step enp oyl n uorine gas or hal ogen
fluori de gas ¥¥t% IRf ¥Ehi98§-gas or cleaning gas and an abatenent step

wherein the gas<NNB¢éfMHEnéééK”fIEbﬁﬁﬁeOéaﬁabﬁgﬁalégéhUE&hGQlﬁéSgaﬁbht?d
fromthe preV|ou§}s]gP i s burned, the abaf out in a

5 ste belnﬁE grrie
conbusti on cHdifb RF E ¥E uot PP HaETIREFER YiFh RoPHegnsRired
surface. The fdamtivdietpeasd vaienfdré nofsepreé¢acabvythoopddédihg of nicke

fluori Bri t i C

show ngsan er%%d%%ﬁ{ésgfdg rféelar%gr%n %&? ‘T'I:og Eé?fr:flt%nﬁ Qf{”?hé&e;% aﬂst
gas 15 treat monitl rideas sang aheo|Mmlyo¢prr<nSL%estgcapparatuar awing, 1 is
process EXhaLﬁ%te@Lalsalsz I Syl lé‘%ﬂ:gkga%’mg’té§1§i@pﬂu§{: ”thééfoée' Bef | ammubl e

gas for conbustion, Is air I's atnospheric disch arg 71s a
preconbustloﬁﬁﬂﬁﬁﬁﬁﬁ seglgated HFRsTTORE 2BPehhfberhig i% ﬁoééﬁﬁagPron gas

cool i ng apparfsdisstalfx lrﬁet@eﬂlsﬁ) ked lserebderfomt dillssand exbaust bl ower.
Best N?ge for_Carr |ng IlnMthﬁg Preferred enbodlnents oi t he
i §Y

i nvent f3n wi M°5F HHRF T %J?es+$st%%l%§hﬁﬁ§t r eat ment
process of tk&sednaaﬂhxghlxndnmnns;pnrxmmﬁsﬁamhgré$uns|ﬁergas or hal ogen

fluoride gasgﬁwg. 4§§Egng@%§me§%%Bgo §gg%{ﬁgégeg elgf?gﬁned in a

conmbusti on cha avi n assivation filmftornmed on its
surf ace. ThaWH%#lQQRJQ heh eHemrRReEtHoRs c@f NeF€-t 0o render harnl ess
exhaust gas emtt%fwes@émcogywéx@g f@prfp@éf%p@s)@eéﬁeﬁawgéudl ng
fluoripe gas hal ogen fl uori de gases. as, wel such as Si H4 used

as 111 001 or mifg e AR ERSS THTe 4 D EhoT S b BT bha TaRper aere. The

treat ment praeess waft tdissdypeindn @y eamdorladdly desomel i Hle aebunsl Ot igqr bon

di oxi de and %&% %ﬁ%ﬁnﬁ%ﬂth scrubbers employing alkali aqueous
solutions such as caustic soda or caustic potash, or dry
abatement systems which accomplish adsorption removal

35 with a solid adsorbent such as active alumina or soda
lime. All such methods, however, have a drawback in that

they do not allow treatment of exhaust gas containing



deconposition by-products emtted from abatenment systens, by allow ng an
adequate harmnl ess-rendering treatnent to be carried out under conditions
with reduced fuel feed and | ower conbustion tenperature conpared to the
ordinary 5 conbustion conditions when no fluorine gas or hal ogen fluoride
gases are present, or in other words, it fermts treatment to be carried
out on conpounds whi ch can be easily rendered harm ess so that operation

b t d h t dit di to.th
venti on, o TEGbIRIAR A abh ok Uy LR enRe OEcRaLpse: FARPEACELS

abat enent tregaatm.t Hdditiehaor nprlgogasmesm\hnaerédthSnHBﬁﬂ:IpyNHa aPH3,
W6, Si ( OC2 he LI clea gases
or other gas cO "l(}lgent S%g ‘ig{‘g con%lﬁggli cB‘rJEgg |%§ glragggsses
whi ch are commrﬂqzrgsecblumeﬁecp& qucszemeogxds:ccbnrh&h@genaﬂnnndbong with
the flug rlnefggasse S S cgse ggnpgnents
to be treated I n gl%%%g?t%%g%égﬁ%gﬁﬁugﬂlﬁé Hggto§é §P8}g§s 8uo?ll de
gas al one. THeL 2% BT ttERaBIEDE @ﬁetfw u%)W‘P@PBa@no?oﬂa‘aFéeénb?FBBPFde gas

in the exhaudongsisidstdd i@ YNIDnYr€ad€s 4Ranhdghett. Wpenabirgn of the
conbustion-ty e abat e,rrent system of the invention can acconplish harmn ess

rendering of HREeOH S YHHBF sPHn2 ¢ 8°ERbEPANEELO¥Alch are 25
easily renovafbamermbmomogs&émsm net ot L ppes ait ngiepndultoss wethupO- 30%

| ower ﬁ f d and ustlorp te erature f.oore_than ggc 9%' ownEhe
conmbustron c %E/eéﬁev%e ‘T’ht]?% uE}é% eRRAGET ag 3ntaras no
fluorine gas af Mbsgmmédtmmf dtehgas;@blr@fd)ecaﬁpexerrpand gdabubendn
conditions n 914 n r or a By
utilizing th?{sﬁg@t{ rrenr? pr OCess oj’f}F }ﬁegtl?%{/e %g%a{ln eér:éjfgfe%ggggl E%Sosa bl e
to reduce theddashmagitenanem Eﬁ%@weﬁmﬁ-%ﬂhdl@db%@@pb@l Eﬁéﬂtlﬁy product s
em tted fromydiehphddiitobegystem in proportion to the amount of

reduct i on in fuel” gas used. The |ower combustion tenperature also notably
reduces®t he generation of NOx gases, naking it possible g to achi eve
NOx gener at i msﬁldmtdﬂrtr’ﬁe vni\mrmlcmer ation at a | ower conbustion
tenperature is an g 1{3 stmafor a%p 151]11 te%t gfagaégigcl:n pgﬁgtl on
managenent and, ace era ? J‘5 nmach ry rra erials at
t he sections mtmeam hm\eedmmt gas_nrcsvbdﬂ n@ml Ppatemene prevesssaslanber

zones is | owgy f t tgrk i's
significantly recéhgevﬁﬁ%llﬁeaﬂ o %%mesﬂfét%%?o %&5@ #%?g%aﬁﬁhégkﬁgss
frequedfly arfrqiF RATRROTH SAA oﬁ%blémtq@’l RFQRER 3RS | CPREABNERTIpr ol ongi ng
the life of tigSYSiegadher opMusd %ﬁéﬁ?&@%&é@@uﬁ gegnis finall y fed

to wet abatenent equi rrent such, as, an al kali scrub gr connect ed %)ﬁ ang

exhaust duct SIPISRETHMRRR i Vn-15 pkP L2 AHIR T F ovRP 18P 1GRsLF pb P

treat ment of dneﬁg;gesrfﬂﬁ::hait tasd seeEh acsc dyell Deje nalhd temente, iNCx woret her
deconposed s%a&fegﬁ] silicon tetrafluoride. The exhaust gas
treatment systemo e |nvent| on is equipped with an exhaust gas

i ntrodd8tion port A Mentionrd ctheyte orvipd t£1uppiRe odd%isPT oha tPgeher, a

combustion 20 GRaed g8 @A fuddd rﬂﬁj%té%&ﬁmu@{@raﬂa@(h@&éloﬁmﬁ and a
fluoride passivation fI|mIS formed on at | eas L%gace of th

conbusti on cHRARFHSS FRE exhdiils 45 ehbodh SRR 0"11 t"f’mﬁ?e%@fem f or
carrying out dhweendredlsdygasm |t rasd nend gﬁm‘w@@@ of the 2ovémyeshi on, which

I nmbust d t t t t wh d haust
Gae cbnt ai ni fHAN e TP D HE D (AP HOTS APOLRcer | & FHAERS | hrough &

flame $al |l arenidoreiluced: idévices uppdsd | inrgssedrirexssteeand 30 The

materi 6l Lo WIRTaREn Tw b Td fha S o Fr B0 e oo AR AT

uorine gas or ogen oride gases

t he conbust i grediwimertie i sralliatiialerfrses vfer dute taPaeNeRE sHFtem.
combustion, it is Ay ef efah i ¥ meepia t%e&&w&fﬁécfé@h al l oy or

Monel rretal and a fluoride passivation fiTmis preferably forned on its
surface. As dwtarst Sistiers éﬂ‘%&f@rqwmtﬁ’wm& B PSSPt g
35 inventors have completed the present invention upon

finding that the aforementioned problems can be solved by
using a treatment process whereby exhaust gas containing



formed of ordinary stainless steel or a steel material, with the surf ace

t hereof having a thin-film conposed of nickel, nickel alloy electroplating,
el ectrocast plating or nickel alloy electroless plating or a ceramc thin s
filmconposed of alumna or alum numnitride, which are materials with
excel l ent fluorine gas resistance and heaP resistance for spray coating or
the like, and a fluoride passivation filmfornmed over the surface of the
thinfilm For_nj p i ng, nickel.=haroen ba 10 el ect ess plating
treatment is %?%%ggb%dgg% gghpg%ggéchﬁPgﬁ%gﬁe %gggsﬁﬂﬁgiﬁg e
preconbust i onetbhhbgro? aleanpnegf ecebbyibadnarbdugeiddd ntas i veatmikors tiildmm
formed on its i . pange t ferably
subj ected to ?éH%E§E?Sa€?%g§?§ggﬁﬁg§tgmﬁ?ﬁgpsﬁgpﬁngﬁgggk%ZFgﬁgﬁgLél The
proximity of fhecrsde PasfhvehieReféxmafiormgdsons ib§r g fiafeexposed to
particulsarly high tgnpenatuis8sa8y Bgat ihadhatbanpzbdilieat anf @gEust on from
the conbustion zone. These areas are therefore preferably constructed with

20 nickel or %2Hi EkeRtPERR BFPEGSBr YRBABI CREPARSAn PHLHLRS 5 &8

st eel Erl st leed:om::nh_adg ﬂnw?bensUQhQCbedhtagzo@ahi fQQbEQlﬁieOP{latsre%afemﬁlttte;ﬂJCh
as nickel electroplating, electrocast ating,or nic 1o ectrol ess
pl ating. The gﬁ%?eﬁ?ﬁéhﬁgr%ra?£e3P§892E£5P§feFabec ﬂ%?@gféﬁyfi €& vati on
treatment witha¥ingranflgasjidbepasshantdionnfiie fammednomeritsTis@mrface.
passi vat, on treat ' OLLRE.: . 1RY aggordi (A

known %&thod, and o% g%%%%%%% %hggﬁgggégﬁdgggpi%%dﬁgﬁq%gégﬁgéggﬁﬁg%gé ned
Pat ent 30 Pub®f cai¢kel N6luanideoi2 may be used. Specifically, for exanple,

the surface Qf theTHécééﬁc§§€Pa£96ntB§_§Y§B§ﬁh@aﬁh§ Q%YhBQO%%mﬁt subjected
to forced OXIg tiop,and the oxidized filmthen réacted withflyaorine gas to

f
forma fluoritEiPEasde vaRPeh $FI RTCABTaROYNBP EX8ABPE Khére St Vo135 system
part used is a starhéessntéeel osutiiacogeht Bxadasckal thei exhiautl gaeed
t hereovyer, it g@grbg subj ected. to oxtdat%gn znd f%gorigatig& treatment in
t he sa mann - quu 53 bt PTPESF R yp SEFv&TREN>f VPmPER 't he surface.
Accordi ng to the preeemvémvioni Hurtbedeprovihddsabovexhexsaugtsgas
containing fl i S I oy, k S Lkeh s emtted from
et chi ng or(ﬂ%éﬁﬁ%ﬁbgés?g%%&?sggﬁ??%éﬁcgggﬁn?g g%%%“ gs??ﬁn appar at us
equi pped mﬁtFﬂ%ﬁ%@éﬁﬁ@%@%np%ﬁﬁnbérf%ﬁ%ihgt§0¢P9§iP§eP9§§si@ation film

formed on itspysedmsest fod ERabYSE] 08 ebnbhst eshadshngas ,t Bar giip al | ows
efficient treatnment of. the exhaust he i nventiqn_further provides a

as. 10 T
senicoﬁ&uctorl%ERPQEF?%EﬁiE%EYo%n%rgﬁe§§héBﬁBrF§Fﬁg 8R9ePEKRiLRG Br cl eaning
sltep enpl oyi r@l%&ubdé lr)lpag@’ﬁvarasidsnﬁil ﬂghm fbméﬁdengaseseasjct !aaee]t?;alaifa_gegas or
cl eani ng gas tement ste rein the gas containing uorine gas
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15 As can be seen in Table 2, the exhaust gas after conbustion contained
absolutely no nitrogen nonoxide or nitrogen dioxide, and the total anount
of fluorine introduced into the conbustion-type abatenent system 20 reacted
and was converted to hydrogen fluoride gas. The absence of conbustion
reaction products other than hydrogen fluéri-de gas, water vapor and carbon
di oxi de in the conbustion exhaust gas was confirnmed by infrared

spect roscopy gn |ndg glve .cou Iedgglasna at.om c 25 e@ si_on spectroscopy
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nitrogen di oxtoe2ReRE bBY A %%sp?g E%dlﬁﬁePﬁé°8xhaust gas far in excess of

perm ssi bl e concenImath395scﬁémnaiatdrewEngnDUela ﬁraaébusbmmauabaﬁeﬁﬁnL
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in Table 6, part of the fluorine
invention, exhaust gas containing fluorine gas or halogen

fluoride gases emitted from etching or cleaning steps is
burned in a combustion chamber having a fluoride
30 passivation film formed on its surface. That is, the
invention encompasses a treatment to render harmless
exhaust gas emitted from semiconductor fabrication
processes including fluorine gas or halogen fluoride
gases as well as gases such as SiH, used as film-forming
35 gases or other gases, at a prescribed temperature.
The treatment process of the invention can notably
reduce the amount of carbon dioxide and NO, gases as
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Lri ] dor i de fLaNpLaLe,BSoR. RoblmRsys0s HeoRULLacRAERLIRNL of he

conbustion cha was" stainless steel I"one. € conbustion-type
abat ement 15 ¢9Bdémieperanphgyednuhenonbeahdtnpdnggen exhialistogiege

i ntroduction QQthihQnﬁoaffu§PQH@ bEsTaPlﬁaiégeﬁnglhaglﬁﬁsﬁa%%soﬂfor
conp05|t|onal anaIYS|s of the conmblstion exhaust gas are shown in Table 12.
2 Ta@le 11 example, combustion conditions necessary for
decomposition of nitrogen trifluoride gas). By utilizing
the treatment process of the invention, therefore, it is
possible to reduce the amount of carbon dioxide, which is
decomposition by-products emitted from the abatement
35 system, in proportion to the amount of reduction in fuel
gas used. The lower combustion temperature also notably

reduces the generation of NO, gases, making it possible
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Exanpl e 5 equipped with an exhaust gas 1ntroductlon port, a fuel
introduction port, a precombustion chamber, a combustion

20 chamber, an air introduction port and an exhaust duct,
and a fluoride passivation film is formed on at least the
surface of the combustion chamber.

Fig. 1 shows an embodiment of a treatment system for
carrying out the exhaust gas treatment process of the

25 invention, which employs a combustion decomposition
treatment system whereby a mixed exhaust gas containing
fluorine gas or halogen fluoride gases is passed through
a flame wall and introduced into a supporting gas vortex
stream.

30 The material of the system shown in Fig. 1 must be a
highly corrosion resistant material to withstand a flow
of fluorine gas or halogen fluoride gases. As the
combustion chamber 8 is at high temperature due to the
heat of combustion, it is preferably formed of nickel or

35 a nickel-rich alloy or Monel metal, and a fluoride
passivation film is preferably formed on its surface. As
another preferred mode, the combustion chamber 8 may be



10 as well. Mcroscopic observation reveal ed cracks and peeling of the
fluoride fornmed film by formation and gasification of C fluorides as well
as by secondary fluoride-form ng reactions converting the stainless steel
material Fe fromthe bivalent to trivalent form 15 Upon exam ning the
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preconbusti on chanbers, in conparing fluorine gas and nitrogen trifl uoride,
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15 5. An exhaust gas treatnent system equi an exhaust gas
i ntroddétion %b@kela9¥uélniﬁk?édﬁé?hoﬂleYtOraMﬁﬂééoﬁ§G§ﬂ|onA@hanber a

conbustion ch@ﬁ@ﬁﬁarynsaainnegéoseéénoarpetbeanﬁaear@émamay guct, and
having a fluoride gg%g ivation,filmforned surf%ﬁ? 20 of the

he
conmbusti on ch3WBef ?ﬂea§§§fgﬂ¥5gsé?ﬁlﬁﬁaa?ﬂeelaFHFé AFhEB-EFF 1t he
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the group consi siing olsnbekelnghi ChRL-LlChoAl haxsea00abang etal . and a

fluoride 25 passivation forine e sur ace 0 € material. 7.
The sy@Bem asPe¢iehellynsebieatred thepeppivhtiennbusat®anthuaber is forned

of at |east OﬂﬁuéypﬁeoéagatSéfafeﬁshect@ﬂ Eheﬂbaﬁﬁ ﬁéﬁHErCOﬂSlStlng of
stainless 30 steel _and steel materi al rface of the materia
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step e”ployingxéﬁﬁPéin€he surface of the nickel used for the system
parts may be first subjected to forced oxidation and the
oxidized film then reacted with fluorine gas to form a
fluoride passivation film. As another example where the

35 system part used is a stainless steel surface with a

nickel thin-film formed thereover, it may be subjected to

oxidation and fluorination treatment in the same manner



- 20 gas or halogen fluoride gas as the etching gas or cleaning gas and an
abat enent step wherein the gas containing fluorine gas or hal ogen fluoride
gases emtted fromthe previous step is burned, the abatenent step 5 being
carried out in a conbustion chanber having a fluoride passivation film
formed on its surface. 9. The process as i aned in claim8, wherein the
fluoride passivatlon filmis conposed of nickel quorlde 10. The process
of claim 8, W? in the onbu tion 10 ¢ do t | east one
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As can be seen in Table 2, the exhaust gas after
combustion contained absolutely no nitrogen monoxide or
nitrogen dioxide, and the total amount of fluorine
introduced into the combustion-type abatement system

20 reacted and was converted to hydrogen fluoride gas. The
absence of combustion reaction products other than
hydrogen fluoride gas, water vapor and carbon dioxide in
the combustion exhaust gas was confirmed by infrared
spectroscopy and inductively coupled plasma-atomic

25 emission spectroscopy of the sample solution.

Comparative Example 1

A combustion-abatement experiment was conducted
using nitrogen trifluoride as the introduction gas
instead of fluorine gas, with a nitrogen trifluoride flow
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Comparative Example 3
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A combustion-abatement experiment was conducted in
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(SUS304 material) was used by itself for the combustion
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the same manner as Example 1, except that stainless steel

chamber without coating (fluoride passivation treatment).

The combustion-type abatement system operating conditions

and fluorine introduction conditions are shown in Table

25

combustion exhaust gas are shown in Table 8.

7, and the results of compositional analysis of the



@Hel eSeXe] e”esS7TyX7/ Q 110%#& () - Q 110%+&' ()- Q 110%& ()-Q 110%& () -/ K@

Q 110%t& ()-"ehet eue} eeesS3yX7/ Q 110%#& () - Q 110%& ()-Q 110%& () -/ K@
Q 110%t& ()-Q 110%#& () - eeeeeeeoS3yX7/ Q 110%t&' () - Q 110%t& () -/ K@

Q 110%t& ()-Q 110%#& () - Q 110%t& () - eceee /£O4yx7/ Q 110%t& () -/ K@
Q110%#& ()-Q 110%#& ()-Q 110%& ()-Q 110Y & () - eeeceeeeeWV/t10% $ & (
10% $ & ()--t10% $ & ()-- f10%$ & ()- S 10% $ & ()-' 10#10#10#eef f
fffoS3wWW/t10% $ & ()--110% $ & ()--/ K(fy

)- -t

[Vt10% $ & ()--t10% $ & ()--t10% $ & ()--186 f 7f Bf Cf Lf OBW/t 10% $" & ()--/K
(8 . Fuel upportin Cool:.n air| Fluorine | Diluting | Combustion
[yt10% $ & () 1-4hdid¥nd K s(p:)r £1M0%0 SnésdJon- 1| E09G Sade ( )mitkbddn i fefaabéd /(WW/ K
(8 flow rate rate flow flow rate | temperature
[yt10% $ & () {- 1% & (/zinl0% Nuk/mip) - | 102AMng () {LAGOYs $ & (IG)-{THfffff
dDWWW/ K( 8 25 308 | 30 13.5 240 310-320

[yt10% $ & ()--110% $ & ()--110% $ & ()--t10% $ & ()--t10% $ & ()--110% $ &

"()--FRFFFFFfXXBWAWI/ KE10% $ & () --110% $p.&16)g-110% $ & ()--t10% $ & () -
% $ & () -/K(8

[yffffffft X<wWddelilPoel| &tcblurddl(%Mebsbrdd | NedUedd & Mdasukddp $ okhéy - -|/
[yt 10% $° & () - | friviiEddein XOwdPAddnl (%1508i (e | -1ikR¥gdn & §3)trobddYrdurlist)en |/
[yt 10% $° & () - t tfL006Riel| (Hluctity (UUgSEBWAL/ckO% & &' @)oxide0% $eRitiyn -|/
[y8t10% $ & () 1-t 136 $ & ()93st 1096 $T&O% ) - 1 SUFBYEXP Y SPOBNITA 1| 1D98BTES (|)
8

concentra-|concentra- tion tion

-110

[y[t10% $" & () t ¥R & &' (Fion 1004 &' (V. 1t 1004 S & () - - *qgtq g-g-g7g8dp @WT/

t 109 K( 8 (vol-ppm) | (vél-ppm) | (vol-ppfm) | (vol-ppm) | (vol-ppm)’
[yt10% $° & ()- 111098 &] () -" 1094 $* &) -
Hija@W\thO% \#100/'0&'\)- ~#10%+& :U/UOL()' #J.U/#‘L[)-

#10% =| & ()-t10% $ & ()"L] JH 70 @1 2w/t 10H( 10%#& () - H ( 10%t& () -
109%+& () - H*( 10%t&A%)cap(beossen(jn TablweB¢) al PTRULELLROIL] PropMvLian(
109%6#& () - H* ( d9%A6e ($14bL i A% & £dakbbal0p#& Lhe! KEWAG¥ KON -+

A~
|
1

109 ()17 (' AREERTI) PYF TR OSRUPR poRbbpRSE) B pYdgomEn A ety

10%& () - H*( %‘é‘i‘ ﬁ‘% % 5%& ()-H ( 109%t& () -jj ] kkk_/ WWI/ K@ A% H* (
109%¢&' () - H* ( 09 ()- H ( 109%:& () - H( 100/#&'()-k kkkkk
k+kak| \ </ K@ A; >8" 100%p8r §}ive >Bxa0pkess () - 2 f 10UK#& (

{10%’s" & () - -P10% § &I 2Bgogf ggh

H* (

H (

MLOYK#& () - 10#* 10710 ﬁgu%gzgﬁ.sgﬁggﬁgﬁk &Jéé!kﬂﬁéﬁl;\% s~ BohQUk#&a( hin2/ K\ 7"

>8" 109k #&' 2:>8"10

>8" 109K #&' 8 Qh%h%ﬁrkekrkmnﬂ\@ Ktlye . sganp #&xeypz shatoifggcombpstion
>g: 180//&1% 8 @nagbélg%é&m g2wzs" ﬂQ&k&& la2kkkkkkkdD haaKga 51\110%22 (
> 0 > > 0 '
>8" 109k #& () - "2&%&‘11 /"E(T‘zi?‘%&a’;’é*ﬁ mﬁ %E%g%%b}&/%&"(’y)% pgga

>8" 109k #& () - st’BémO@fa(éfﬁa’(;nQ/&)ﬁdkkkthI asa| Zfi;ﬁoPBhéO%#.&o(:l)Jci;Lon

>8" 10%(#& O 9 ; 1 (

T s P g ot JedEes ) e 0B ES: b 4
>8'10%<#& ()- qqmmm%zml@ng ysig|of 1the EPP‘I\E‘{J$E;1-OB8E?ED%4#& eﬁszare
>8" 109548’ () -y " 1 78F IOVEHR) () - 2; >8" 100k#&! () -

>8" 10%#& ()-2ElA Ylcldlelil S3|\</;>8"10%#& () - 2/ K\7"; >8" 10%#&' () - 2;
>8" 10%k#& () -2; >8" 10%#& () -2; >8" 109K #8&! ()-2i 1 mplslvl ZI {1 /|\<IK7";
>8" 109K #& () -2; >8" 109K #& () - 2; >8" 10%#&ab)e & >8" 109K#&' () - 2;

>8" 10%K#& () -2{1 |1} ~1TITtTI\</K7"; >8" 10%#& ()-2;>8"109%#& ()-2%
>8" 109K #&' () - 28; B&1109 6D tiDg Y@L Ad'r ( FlRezigle]l DRk & ifhy- PEbddusnieR] |
S yX$109%&' () - | neABLOS/BH sl F - o8By X$eOUBELE ) | £ RMOUSE ( pitrogen chamber
>8" 109k #&' () - REIQwrzs S EARE10% &109BL (Jlop<rREohgreya
&10%& ()-a< B1YpEn)Y). ad/pinbhgs (n7/mInlsoyofloagn) ( -Mﬂa-.n)n\ +0-QEF: |\ &/
&1096& () - a< 25 299 30 13.5 240 310-320

BEnE) -

) -2,
2,

\ </

S <



&L0%& ()-a< &10%B& ()-a< &10YB& ()-a< &LOYB& ()-a)?

.-0.0: 0>0@BoDozZ: |\ </

S < &10%B& ()-a< &LOYB& ()-a< &LOYB& ()-a< &L0YB& ()-a< &LOYBE ()-a)?
. DOE0QUoWYo[ 02Z: [\ </ S < &L0%B& ()-a< &L0%B& ()-a< &LOY& ()-a<
&109%$& ()-a< &109%& ()-a)? .[o\ohol ogovoRdzZ |\ </ S < &L0%& ()-a<

&10%B&' ()-a< &IO0YB& ()-a< &LO0YB& ()-a< &IO0¥B& ()-a)? .xoyoooo000zZ:|\</ S <

810988& ()-a< &10%B& ()-a< &10%B& ()-a< &l0%B& ()-a< &10YS& ()-a)?
.00000002Z: |\ </ S < &109%& ()-a< &109B&EP-H%

10

15

20

Calculated| Measured Measured Measured | Measured Other
hydrogen hydrogen fluorine nitrogen nitrogen |combustion
fluoride fluoride |[concentra-| monoxide dioxide reaction

gas gas tion concentra-|concentra-| products
concentra-|concentra- tion tion
tion tion
(vol-ppm) | (vol-ppm) { (vol-ppm) | (vol-ppm) | (vol-ppm)
900 820 <10 <0.1 <0.1 Not
detected

As can be seen in Table 10, the fluorine gas
introduced into the combustion-type abatement system was
slightly consumed by reaction with the combustion

apparatus material surface.

Comparative Example 5
A combustion-abatement experiment was conducted in

the same manner as Example 1 except that nitrogen
trifluoride was used as the introduction gas and the

nitrogen trifluoride flow rate was 9.0 L/min.
surface treatment of the combustion chamber was stainless

steel (SUS304) alone.

Also, the

The combustion-type abatement

system operating conditions and nitrogen trifluoride

introduction conditions are shown in Table 11,

and the

results of compositional analysis of the combustion

exhaust gas are shown in Table 12.

Table 11
Fuel Supporting [Cooling air| Nitrogen Diluting | Combustion
methane air flow emission |trifluoride| nitrogen chamber
flow rate rate flow flow rate | flow rate | temperature
(L/min) (L/min) (n/min) (L/min) (L/min) (°c)
30 305 30 9.0 240 350-360
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Calculated Measured Measured Measured Measured Other
hydrogen hydrogen nitrogen nitrogen nitrogen combustion
fluoride fluoride |trifluoride| monoxide dioxide reaction

gas gas concentra- | concentra- | concentra- products
concentra- | concentra- tion tion tion
tion tion
(vol-ppm) (vol-ppm) (vol-ppm) (vol-ppm) (vol-ppm)
900 860 <1 70 11 Not
detected

As can be seen in Table 12, the nitrogen trifluoride

introduced into the combustion-type abatement system
reacted and was converted to hydrogen fluoride gas, but a

portion thereof disappeared by reaction with the

apparatus material while nitrogen monoxide and nitrogen

dioxide were both produced far in excess of permissible

concentrations.
After completing operation of the combustion and

abatement, the metal surfaces inside the combustion

chambers of Example 1 and Comparative Examples 1,

and 5 were analyzed.

an energy dispersive X-ray spectroscope.

Table 13 Detected metals (mass%)

2, 3, 4

The measurement was conducted with

Ni Fe Cr Other
Example 1 100 0 0 0
Comp. Ex. 1 100 0 0 0
Comp. Ex. 2 100 0 0 0
Comp. Ex. 3 7.7 75.8 16.5 0
Comp. Ex. 4 100 0 0 0
Comp. Ex. § 7.5 73.5 19 0
Reference SUS316L 12 69.5 16 Mo 2.5
Reference SUS304 8 74 18 0

The combustion chambers which were surface treated
with nickel had no significant damage and exhibited high
corrosion resistance against fluorine gas and nitrogen

trifluoride.
The inner surfaces of the precombustion chambers
were also subjected to metal surface analysis after the

combustion-abatement experiments of Example 1 and

Comparative Examples 1, 2, 3, 4 and 5.

The measurement
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was conducted with an energy dispersive X-ray
spectroscope.

Table 14 Detected metals (mass%)

Other

(9]
L]

Ni Fe
Example 1 100 0
Comp. Ex. 100 0
Comp. Ex. 100 0
Comp. Ex. 7.9 88.1 7.9
Comp. Ex. 100 . 0 0

Comp. Ex. 5 9.6 75.8 14.7
Reference SUS316L 12 69.5 16 Mo
Reference SUS304 8 74 18
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Comparative Example 3 was confirmed to have
The Cr

concentration was slightly lower in Comparative Example 5

considerable loss of Cr from the material.
as well. Microscopic observation revealed cracks and
peeling of the fluoride formed film, by formation and
gasification of Cr fluorides as well as by secondary
fluoride-forming reactions converting the stainless steel
material Fe from the bivalent to trivalent form.

Upon examining the condition of damage of the
stainless steel of the combustion chambers and
precombustion chambers, in comparing fluorine gas and
nitrogen trifluoride, the change in Cr concentration in
Comparative Example 3 in which fluorine gas was burned
was greater, and the appearance was also notably
impaired.

When the stainless steel damage conditions of the
combustion chambers and precombustion chambers were
compared, the precombustion chambers all had greater
changes in Cr concentration than the combustion chambers,
whether with fluorine gas or nitrogen trifluoride, and
the appearances were also notably impaired. This is
attributed to predominance of oxidation reaction by
oxidizing flame during combustion of the fuel gas in the
combustion chamber, and particularly at the wall

sections.
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Industrial Applicability
As explained above, by using the treatment process
of the invention, it is possible to accomplish treatment
of fluorine gas or halogen fluoride gases when these are
5 emitted at high concentration or high volume, or when
they are in combination with other gases having differing
properties, to accomplish simultaneous treatment using
the same abatement system. The process of the invention
is preferably used in a semiconductor fabrication process
10 and, because, it allows efficient and economical
abatement treatment with due consideration to safety and
preservation of the environment, it has high potential
value for industry.
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CLAIMS

1. An exhaust gas treatment process which
comprises burning exhaust gas containing fluorine gas or
halogen fluoride gases emitted from etching or cleaning
steps in a combustion chamber having a fluoride
passivation film formed on its surface.

2. The process as claimed in claim 1, wherein the
fluoride passivation film is composed of nickel fluoride.

3. The process as claimed in claim 1 or 2, wherein
the concentration of fluorine gas or halogen fluoride
gases 1s no greater than 5 vols.

4. The process as claimed in any one of claims 1
to 3, wherein the content of nitrogen oxides in the
exhaust gas after combustion is less than 5 volppm.

5. An exhaust gas treatment system equipped with
an exhaust gas introduction port, a fuel introduction
port, a precombustion chamber, a combustion chamber, an
air introduction port and an exhaust duct, and having a
fluoride passivation film formed on at least the surface
of the combustion chamber.

6. The system as claimed in claim 5, wherein the
combustion chamber is formed of at least one type of
material selected from the group consisting of nickel,
nickel-rich alloys and Monel metal, and a fluoride
passivation film is formed on the surface of the
material.

7. The system as claimed in claim 5, wherein the
combustion chamber is formed of at least one type of
material selected from the group consisting of stainless
steel and steel materials, with the surface of the
material having a thin-film composed of nickel, nickel
alloy electroplating, electrocast plating or nickel alloy
electroless plating or a ceramic thin-film composed of
alumina or aluminum nitride, and a fluoride passivation
film, formed over the surface of the thin-film.

8. A semiconductor device fabrication process

comprising an etching or cleaning step employing fluorine
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alloys and Monel metal, and a fluoride passivation film
is formed on the surface of the material.
11. The process as claimed in claim 8, wherein the
15 combustion chamber is formed of at least one type of
material selected from the group consisting of stainless
steel and steel materials, with the surface of the
material having a thin-film composed of nickel, nickel
alloy electroplating, electrocast plating or nickel alloy
20 electroless plating or a ceramic thin-film composed of
alumina or aluminum nitride, and a fluoride passivation

film formed over the surface of the thin-film.



