;e3eL! ID6 > P! 6! T! 3_11 AP~a 2003 -, REACTIVE AGENT AND PROCESS FOR
DECOVPOSI NG FLUORI NE COMPOUNDS AND USE THEREOF 5 FI ELD OF THE | NVERTABPN 2018
present invention relates to a reaetilve agent and a process for deconposi ng
and detoxifying 10 various fluorine conpounds such as chl orofl uorocarbons
(hereinafter sinply referred to as "CFC'), hydrochl orofl uorocarbons
(hereinafter sinply referred to as "HCFC'), perfluorocarbons (hereinafter

i mpl y referred keaae yBFGOENTl By BiRS¢HOE ORI BRRBbhengicnal ter simply

referred to as "HFC"), perfluoroethers (hereinafter sinply referred to as
"PFE"), hydrofl uor oefREPRINEe COMPIUNDGS AMp| YSEeTBEREAFt 0 as "HFE') and
sul fur fluoride, simultaneously with the conpounds 20 produced on using

t hese fluorine conpounds, for exanple, in an etching or cleaning step
during the process of manufacturing a sem conductor device, i ? APR
2D03 such as HF, SiF, or COFz. BACKGROUND CF THE | NVENTI ON Mbst of the
above-descri bed fluorine conpounds are generally stable and harmess to the
5 human body, therefore, their use is outspread in various fields. In
recent years, the amount of HFC as a refrigerant of car air conditioner or
the like and PFC for etching or as a cleaning gas in the process of

manuf acturing sem conductors is 10 particularly increased. Furthernore, a
| arge anount of sul fur hexafluoride is being used for capacitors,
transfogners and the |ike because of its excellent electrical insulating
property. These fluorine conpounds are a stable conmpound and 15 in turn
have a | arge gl obal warm ng potential coefficient. If such a fluorine
conmpound is released as it is into the global environnment, there is a fear
that its effect continues for a long period of time. In particular, SF6,
CF4, CzF6 20 and the |i ke Edy QR THEt BBVENFIONand have a very long life
in air. Therefore, on discharge after their use, these gases nust be

rel eased afthé&r RRERHAPHsIINVENLIRD HehatmSesko sabsteatlel HavRa§ o ef fect on
the gl obal environnment. As an alternate 25 conpound therefaor, PFE and HFE
are proposé@chutd PIIcesSnpREQPO3IdECIMRAFIIYW al 3% hatd@tPHet¥ARE gl obal
marnigﬂ}problenl Furthergnre, t he gas discharged after use in the process
of mantt ac¥@ritySsem cohtbefdRedevi cEPBRNEARAs gaseTuch as@FF, SiF4 and

COF2 and these 5 t alsp be rel d after d ition int
saf & subst AACETRIJMARGARRIP hohGEBIRAGLEF| P ROhpotta: SEFESher ot of or e

di | . ampunt fri t, det t the || d HCFC
onC10' Al CePAate omund Y REp hiORRR P thE A d B e het FEnp L R st be
d d_i.nt har.m bst ) destruct i
e o Bor omdREty ORRERTER DHE! B C R ot L B FERRAF Gue Tor 35
deconposi n9h§:98§n%|f§%rzj ”es%{ﬂ%?‘”ds.cefceofree&a”p & (d a C}?}ﬂ@“?“ on

(6] eatl a

deconposition neth of tr g the conpound together w fuel (see,

W94/ Q%399 er 0ﬂ99§' i t j tiye agent such
as si Iqi%ca é?’dgégllﬁtogg( gg!](;,bo\?%-cA- 7- 1%%2%%% ?’?ﬂ‘gits’}e?grﬁp%%e%& géé used herein

means an "ygexampted) pubLishedoleRaneys Paj RBLe3RRkea! | ofingiyand (3) a
catal yti c deconposition nmethod using an alum na or the |like (see,

JP- A- 10286484 rakca knowg. 25zEowevepppwdthod (hlh)dd st disasvans ageous in ~
7 APR 2003 - 4 that generation of NOx nust be controlled during the
conbustion(péraihargeramauiip16f didfditNgdgasol S aRecessaly) Cawging a
decrease in the deconposing ratio, and noreover, a secondary treatnent of
HF 5 cont asaedulbn fllve rexdeuss igastahtenstilye wecwnmpas tdanpdsndecessary.

Met hod (2) also has a problemin that a high tenperature of 1,000C or nmare
I S neeessapyopaceédcuwar lysfrog daosposi ngoPhte (cgnpoitds C2H)rat a
sufficiently high rate and 10 noreover, a separate secondary treatnment of
conpounds exahpas, Sik4 axprdtacimenlgi pri ke exthiaust sgap ditrémngt heheleconposi ti on
IS necessary. According to the nethod (3), deconposition may be perforned
at a rel atpvetgss$ ow ff emaenefiartmimsng orgpasethiwdridudieo i 5 destioels (1) and
(2), however, the followi ng problens still remain. For deconposing PFC in
an anount of 100$, the supply gas nust be diluted with air or the like to
reduce the PFC concentration in the gas. Furthernore, in fng out
the 20 catalytic action of alumna, it is necessary to aJmmwummwmmﬁmmannunt
of steamto be present together and thereby hydrolyze, for ex L e,
fluoride or the like accunulated on the al um na surface. [ an
anticorrosive material 25 against HF generated by the hdﬂ%@@%@@%&@ﬂ@re 1
7 APR 20L - 5 deconposition of fluoride on the alum na su ) a
secondary treatnment of HF are necessary. As such, a nethod féoeffectively

deconposi ng fluorine conpounds using an industrially 5 advantageous process
is heretofore not known and nore inprovenents are demanded. SUMVARY OF THE
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1 7 APR 2d03 _ g _ copper, tin, nickel, cobalt, .

chrom um nol ybdenum t ungst en and vanadi unm (9) the reactive agenﬁ 7 APR 2003
f or deconposi ngf | uori ne conmpounds as- descri bed in(8) above, 5Swherein the
content of the netal oxide is, in ternsof aratio to the total nass of

t heal um na andal kal i ne earth netal conpound, from 1:99to 5:95;(10) the
reacti ve agent fordeconposingfluorine conpounds as described in anyone of
(1)10to (9), which has an alkali netal content of 0.1nassy or |ess;(11) the
reactive agent-nf ersdegomesy ngfd ¢@y¢# ne conpounds as described in anyone of
(1)to (10) above, which is ‘a granul’ar product obtai ned15by baking at a
tenperature of from400 to 700C, (12) the reactive agent

f or deconposi ngf | uori ne cRAPRAGRASNAS OFeS¢iH MAVENTICN above, which is a
granul ar product having a particle sizeof ~rom0.5 to 10 mm 20(13) the
reactive agent foMdestonposfngf |the i neabonpederds rabedescr Ebedriimeanyone of
(Dto ( 12 ) above, which has a water content of 1 massor |ess.(14) the
reacti ve ageemppondscomposigngesilllor istsalecberpandddaasldestridedhien anyone of
(1) "1 ? APR 200 to (13) above, wherein the fluorine conpound is at |east
one fl udri n8udéapoRedy seltdtarfdreom tthe igr oupecorsi suitsprsfad in

per fl uorocarbon, hydrofl uorocarbon, chlorofluorocarbon,

hydr ochl or oV RlieP8EartiédS pekt | L8FBBENFEA By drtdrd Wrvsrtthe?f HFGor ool efi n,
sul fur fluoride, SiF4 and COF2; (151 the reactive agent for deconposing
fluorine coﬁﬁoﬁn6§ﬁ£§3ﬁﬁ%ﬁqdéﬁ FRAL (2AY SROYE EIHN&GTeiF tHeef LubRi ne
conpound cont gi ns_ hydrogen 10, chl ori de and/ or hydrogen fluoride; (16) a
process foraagcgﬂﬁgsgﬁé'f?ﬁ%?fﬁ% 6th8§n&§,ci8ﬁ%ﬂpgiH@a%oﬁfthﬁﬁg a
reactive agent described in _any one of. (1) to (15) above with a fluorine
conpound at PA°F&hper atUre of 695uﬁk?$mre?e%i??ngﬁgtﬁFﬁbesleor

d [ fl ' d i bed | 16 b , inth
1 uor | 19 CORPBARACABRAdnt 14 BTesria. gas 10r HReTFakeed By cHRTHELing It

ith ' 20 d i,bed i ) f b is f
0,01 o 10 VAVRDE(TE) £ b obeed ot Meboiibe it PRABS neotanphthds,
i si ' ' t ' N f £1) t 15
bove wi th SeBREP el n L EA R aE o A T it PBER BN, oL 10T

aPR 2003 - 10a | i prgoenas of oxygen oAf JhETEDY Gamgotiyng the

generation o on nonoxi de; e process fo 0S| fluorine

conpounds agngescribed i {ISHpAPRYE, apaere 599e5c%>§9>%@m9a§n%
concentration in a gas to be t?eated I's 20 volo or less; (20) the process
for de@Q”p0§¢ngtﬁfHOFhQGeCOHpoyﬁgée?Sgd%%%&'b@%ﬂdldﬁnlﬁHEéﬁEi&ﬂG) to (19)
above, wherein chlorine atom fludriné atomand/or I0 sulfur atom produced
on contactid@effi€aghtve agamt desali bgd FpuapYnene cedimpolind 0 {d5) above
with a fluorine conpound are fixed as an al kaline earth nmetal chloride, an
al kal i ne eaféteamtéal 44 uoit dei sand/myo arhal kalliobe: leakl ifRimlerst) fate, 15
respectively; (21) a process for manufacturing a sem conductor device,
conpri si ng tarewst cliisngaorfedreafhag siep eff isithgcaatdmuelschioag gas or

cl eaning gas at |east one fluorine conmpound 20 selected fromthe group
consi sti ng ladngpepékuodocH boime hydriof | parotanbaern, H,or affl,yoQEar bon

hydr ochl or of | uor ocar bon, perfl uoroether, hydrofluoroether, fluoroolefin and
sul fur2f| uarndethandibedegenposierpnssabpeofgadecampobang ehere2®y f | uori ne
conpound- cont ai ni ng gas di scharged from"' 1 7 APR 2003 - 11 the etching
or cIeanindQQQxﬂ&gﬁngha eaact i v8hayefiomescenbetisehawye o tdr (1) to (15)
above; (22) the process for manufacturing a sem conductor device as
descri bed ithgXl) WRwe, trespergpapeshemyas dbschapdedsedomatieret chi ng or
cleaning step is a gas containing at |east one fluorine compound sel ected
from the grQFPTRSTS]EtPhg 18t ped f INgamd@EDoRUPREARER] UDROERY bEY?,

chl or of  uor ocar bon, hydrochl or of | uorocarbon, 10 perfl uoroet her,

hydr of | uor 6EHR&EE, 9P uBPBoIARL @MY LFOPIEBE! de ASi ¥R gAhdeCcorEe (23) the
process for manufacturing a sem conductor device as described in (22)
above,? WheCOMPoe f th&mefe loonBEEndeBEnt B hi MF Ya®TPPossst abHE hydr ogen

chl oride and/or hydrogen fluoride; (24) the process for manufacturing a
sem conduct or device as described in any one of (21) to (23) above, wherein
in the deconposition 20 step, the fluorine conpound in a gas to be treated
i s deconposed at a tenperature of 200C or nore; (25) the process for

manuf acturi ng a sem conduct or device as described in any one of (21) to
(24) above, wherein in the deconposition 25 step, the fluorine conpound
concentration in a gas 9 7 APR 2003 - 12 to be treated is fromO0.01 to
10 volo; (26) a process for manufacturing a sen conductor device conprising
t he deconposition step is perforned at a tenperature of 500C or nore 5 in
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detoxi fying, for exanple, the deconposition as an fluoride (f017e§PRpﬂm3 as
5 CaFz) proceeds at the sanme tinme. Therefore, the problens in'this concern
can al so be solved. BRI EF DESC$, LPTBON OF DRAWNLGS Fig. 1 is a systematic
di agram of equi pnment | ayout showi ng one exanple of the apparatus used in 10
the practice of the present invention. |ZFTAI LED D~' ySf R~-P~", ~ON OF THE
TNVENTI ON The present invention is described in detail below The fluorine
conmpounds whi ch can bel5 deconposed by the reactive agent of

t hepresent | ti r cyibe agples 10f w&FRl Agl ustesiogrounds such as
CC1F3.  oC1bRESe ,Cg‘é@%iﬁégc%zaﬁgé( Aol o d FS Exanples of

HCFCi ncl ud ds esuchnas 154 sand rGédCl 2FterExaswl és ofRe0 PFC inc
| ude CF4 ,?ggggg?ﬁC,EB andC4F8( oct af | uor ocycl obut ane). Exanpl es of

HFGi ncl ude ggggggdscﬁyChmﬁﬁu@H%EurGhRF~,s@HanaﬂﬁetHzF4xExahp¢es of PFE
i ncl ude co%poun s such asCF~CCF, and CF, OCFZCF,. Exanpl es of HFE i ncl ude
compounds o7+ 43iABR - s6h Siechums CBEFQCHRR, QUHRZ@Dd GFheand
CH, OCFzCF~. Exanpl esof sul fur fluoride include conpounds suchas SF6 and
SzF~0. sTheghgast i M@sagealseof bde 1 psentd nveht ¢ onrgcehsos beiapplied to
conpounds other5 than these fluorine conpounds. For exanpl e, conpoundssuch
as CF, OCF=QRZWhichshseansuinsatncat edogepband, aatthCSFee  above-
(oct af | uorocycl opent ene), orconpoundspresent in the exhaust gas
di schar gedatker iBed sangedirids t he et ching step, such as HF, 10 Si F~ andCOFz,
may be simlarly deconposed anddetoxified. These fluorine conpounds may be
diluted with an crertheastsficheasigead | 4f ar géFIS APPrBHerS gg wth air,
or may be a m xed gas containing 0.01 15 vol % or nore of a vapor of the
fluorine ceeetiger@nti,crdétsetgemt doat the ok tifar $eMidatdt ef when
acconpani ed by an inert gas or air. The fluorine conpoun nay.ge a single
conpoursl omlaexinetter eafpawid cthepeef c6APHGRdLE XF §Latti V& agent for
deconposi ng fluorine conpounds of the present invention s, described bel ow.
The reactiis agehmysdr kRcdnpeBPAget] ddtrnd dUHPBLRRS %Ybfﬁ%nﬁgesent
invention is characterized 25 in that it contains an aéug%ggoggd an
al kal i ne b&cRusRR OZATR -laver e@f e hrHEFAP c ONSOthH.25Thd AFumna in the
reactive agent is a representative acidic substance (solid acid) and known
to deconpo@@VMHQQWQﬂ§4ﬁNﬁﬁﬁﬁkﬁmby itself. For exanple, Sho ubai.~ Cat
._ystl, Vol. 34, 5 No. 7, pp., 464-469 (1992) de ] he u of alum na
as a catal yst fofFod¥EHITITg-oFC. Bt ef | V2 mheﬁgékggﬁgédecoﬁggsed usi ng
al um na (A120,), the alum pa rface is f i hat e y hge generated
at t hel Yec SHFSERIIRI Tﬁﬂg,R t*ﬁ@%’?hﬂ? nacof%f’%ﬁ"{sﬁég%i sgrcl’gd éb{jgﬁ%,a'and t her eby
| oses its catalytic activit it hi . rt ti Hyevereat®hal hal i de
conpounds ﬁ&)ge ef8) §F§4f5§d§%§°ﬁ§8§6?335h %%ggoﬁigh tenperatgre and by
maki ng use of this praoper r gl ¥si AlFwos /e Fagyred in 15 the
presence of (ggﬂqéiﬁ§f%§3%t%€§E$b§g3%2%§F?39%1263 + 6HF) , thgpalunina
regeneratﬁggéa%l%%é?ﬁgﬂY%%&é&FMSQEQQn Tithdeacding anréhetpresence of

r, pr obl em

wat er, ho has ‘a n that hydrogen fluoride is generated by the

decomosi ti gn.Qf A3 20 a0d; £ar bededilie APpséa) usp-KoTs0lE4 GBI s probl em
t he present i nventors have nmade various studi es on the deconposi ng agent
capablfbof( i nyausl y dgpopposi ng fluked ne argioundseans paerti cul ar, PFC
which Ts difficult to deconpose, at a | ow 25 tenperature in the absence of
water. As affsldined 1 7 ARRZO0shedi s itJhpanbeen foundatkat when a
reactive agent conprising alumna and an al kaline earth netal conpound is
used, fluorjyg GIMdS) caanke (egorposadadlytda edecPOROBepEOPat ure of
200C or 5 nore and hydrogen fluoride generated can be fixed as an al kal i ne
earth net alpddie i @eing henely vatitred nbngttet dxike ceeedn wPthodf-causi ng
corrosion of the apparatus. Depending on the kind of the fluorine 10
conpound, tixsaeActdme lagent. for deconposing fluorine conpounds of the
present invention, conprising alumna and an al kaline earth netal conpound,
may geperate car ppwatmoxi deetasodhoph) bel ow disagvanyagpous 2&3003/ A120,
--~ 2CaF2 + 3C0 ( 2 ) CzF6 + 3CaCO~/ Al zO~ --~ 3CaF2 + 4C02 + CO The carbon
nonoxi de can be oxi di zed under a sufficiently |arge oxygen parti al
pressure. However, in the case where the oxygen partial 20 pressure is
limted, it has been found, by adding at |east one oxide of a netal
selected fromthe group consisting of copper, tin, nickel, cobalt,

chrom um nol ybdenum tungsten and vanadium to the reactive agent, the
car bon nonoxi de can be oxidized 25 into carbon di oxi de even under a | ow
oxygen parti al 1 7 APR 2GG~ - 19 pressure. This netal oxide is
considered to serve also as a co-catal yst of breaking the carbon-carbon
bond of the fluorine conpound. The alum na used in the present invention is
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25 are preferred, and copper oxide and tin oxide are 1 7 APR 2003 ~7§§, 2003
nore preferred. Although the netal oxide is considered to serve also a JQ
co-catal yst for deconposi ng fluorine’ conpounds, when copper oxide or tin

oxi de, for exanple, is used in the reactive 5 agent and all owed to be

present together with alum na and an al kaline earth netal conpound,

dependi ng on the kind of the fluorine conpound, the carbon nonoxide

generated by the deconposition can be oxidized into carbon dioxide under a

| ow oxygen %f?apa%n%lraocri Upeg. I{I(E’Et Hﬁsqm@é %éinq:ei*olt iel'H ! %Eerntgo the

abovedescri bed r mat eri al s of reactive agent, e content” of al kal

netal s pres j LLi .S 1Q. sﬁ@§§¥ SS; r y;Q. 0l massy or
| ess, 15 nﬁ?@épre egggf$&osgof %%gé& or ‘ggg.éghgl%gﬁﬁﬁglgggiég of the
metal oxide,dsesthiabl Yool JdinaOrabessasBr of 7 abley dcombBstng! eSS, more
preferably 5 ~mor 1ess, and a netal oxide in a powder formis used. The
manuf act urifnge 5 0CR$Y Ofotdobertad] i Ue-3R4AGENT t PEat RENPT &SN NVention is
descri bed bel ow. The process for deconposing fluorine conpounds accordi ng
to the presesitdNyednti oOAnCONpHesSes éhRause of qasl eacdfv&r agepheconpri sing
al um na and an al kaline earth netal conpound. The 25 content ratio of the
al um na andidd@n@dkpt ige ear heceskat yAPR #808od 74) r@isy ®egpaund present
in the reactive agent is suitably, in terms of the nass ratio, from1:9 to
1:1, prefermlyidnoiml:“hd® A Shidhe talmpdfecdre t bE repco0%e agent
efficiently deconposes fluorine 5 conpounds when it is present together
with an al kedreneieanthesshaly qenmoindl anty t fierc edempadinidhePBCUM na may
vary as the deconposition reaction proceeds. However, at least in the
initial stage of, tAE, deCgnposati en sefifticaentillye lgim meaties d0dpref erably
present in an anmount of 0.1 or nore in terns of a nmass ratio to the entire
react i@ agemewmfemhi cla masspagsatakensasofdalkly t hereassenati oofs | ess than
0.1, the deconposition of the fluorine conpounds nay not proceed

sat i sf act orddmpoukisesy eschi5a$ f SiFe aduhihaeds ipr édentexlawdt ag@sint i n excess
of 0.5 in terns of the nass ratio, the anmpunt of the al kaline earth netal
compound dédité&rsdhe rereupessibhorndst Recestedti-ve ARGITFHRY ofP f act or  of

t he rAactive agent decreases. 20 The content ratio of the netal oxide is

pr ef er abl y thien MedHAs of 3 k hele@@PTBOsbtiAR PaYalPeniesr IFrmete &t Ui na and t he
al kal i ne earth netal conmpound, from1:99 to S:95. If this mass ratio is
excessi vel ¥ S3@d Ve lithe 181 eEEMBERAGLBe 8Bt of ABAAT S WhkFRasthd it is
excessjvely large, the total 1 7 APR 2003 - 25  anount. of the alum na and
the alidli ﬁ‘@ti’é’%ﬁh rrfsfél @8pouhtl) r el AAXFISF decFBEses AP HHY ef f ect  of

th t al [ [ t ted, theref , the deco L1] f_fl [
compounds BAREGETSr OREEd 5LERALBrcnt 19E 16 FERATD EERnE™ 6" deconposi ng

fluorine conmpounds of the pr.esent invention can.be prepared hy m xing the
al uni na ana%gﬁgtaP%gﬂp e’e§¥y% %%?%?ycgﬁﬁoﬁﬁﬁ%apet 17 5¥§fqgé%ribed nass
ratio and Lf_10Q desired;, by, addi I i + be .ysed as it is.
Here, the aéfegrégﬁk%n?l$% nggg%?¥%%m§%€/%g e??g ggggggﬁggefa |y reduced
as | ow as gg@Si(%lse.. The, MaL et ent, i 4 Egaqﬁiivrg; agept Jps preferably 1
massy or |ess. 15 The reactive agent can al'so be prepared by granul ating

those jpaw pgtafiakis and. M8y ber usadasf gnanutg. ddedQeqipg dde reactive
agent by granul ation, water or depending on the particle size of the raw

materials, syabgr andiarendeimdmn 20, be added. ThBe Bendgyredseniot
particularly limted as’long as it does not affect the raw materials

bl ended, apgdgaBMebe afted ikRexBAMUALAE1LEEM 0. A3t 0 Latiplien ternms of the
mass ratio to the total nmass of the raw materials bl ended which is taken as
25 1.0. Therbbndee isr prefer abky fhseupamdeedal o fthe aluhiABR 2003 - 26
By adding fine powder alumi na, respective raw materials are nore inproved
in the dispersabélity, Taedediodd,culdry idntheograsulati matetrian al kali ne
earth netal conpound can be overcone. In the 5 alum na added as the binder,
the pabti chgashze | HFSUi yahkyaBed ~.1iyn orHeesshighdttheecantiert of al kal
metal s contained as inpurities is suitably 0.1 massy or |ess, preferably
0.01 massy or less. This fine powler alum na is advantageous in that the 10
effect can be obtained even with a small anmount and the relative contents
of effective conponents per unit volunme of the reactive agent scarcely
decrease. However, as long as the binder does not affect the capability of
t he reactive agent obtained, the kind 15 and the anount of the binder are
not limted. As described above, each of the raw materials blended in the
reactive agent, including the fine powder al um na added as the binder,
preferably has an alkali netal content of 0.1 massy or less. If 20 the

al kali metal content in the reactive agent exceeds 0.1 mass, the active
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compound at an appropriate tenperature, the fluorine conpound is JetqxRR268T
and the chlorine atomand/or fluorine atom generated by the deconposition
is fixed to the reactive agent as a 20-chloride and/or a fluoride of an

al kaline earth netal. In the case where the gas to be treated contains a
sul fur fluoride such as SF6, the sulfur atom generated by the deconposition
is fixed to the reactive agent as a sulfate of an alkaline earth 15 netal,

t hus, the generation of sulfur oxides can be controlled. In other words,
when the re i fore d ition qQf th esent_ invention is used,
fluorine cé%%%ﬁﬁ%%ggggé%qu%ffgﬁgggﬁg d%%o%ﬁ%%e%lg%lagtﬁﬁJ %%ééasing

har ful_decqiposi {400 RELJUEL-0RREG: A 1AXANPL &yo LOMPOUPAS such as HE,
However p e

Si Fa, COFz and SOx. , In order to prevent sucC onposi tion

products from reng niighi Nat Rerdecomnmosedsgas 11,08 eRGIL LI ti ons nust
al so 25 be appropriat%ly cgntrolled, such as f e rgactiogﬁﬂ)lqggAPR 2003 -

31 tenper Migridde © Gdkons gkihluori pg conmpaunds A tfe gas to be
treated, the presence or absence of oxygen in the gas to be treated, the

form of st heydweastdy&o e procand t he rabeeebrer2UPRLYI NhdPe Gasito be
treated. Anong these, the reaction (deconposition initiating) tenperature

IS a very infed tigipr Sestdh+ HNard h@em8aelclon tenperature varies dependi ng on
the kind of the fluorine conmpound present in the 10 gas to be treated. For
exanple, PFC is classified into conpounds which are difficult to deconpose
out of fluorine conpoundSUMMARArQF cTIHEr INCEYTICNF6 and the |ike are nost
difficult to deconpose, and for 15 deconposing these only by nere thernal
deconposi tion, a®i gRP&Ster &fur £hef PremenR0d et MODC iiss Adcessary.
However, accaqrding to~ the process of the present invention, these can be
deconposed Sé’tl"??so%hﬁr P -¢RF EREPREY ePr@BlﬂFF‘Z 2R GhiEdPYden 3HCFC can be
deconposed at a tenperature of 200C or nore by the process of the present

i nventi®dn. IRESHIVE  t ABSRECOMILSTR i oif @b np &S e War | €8CBPLESEai rly | ar ge
range depegging.on t he ki nd, of quorini conp%und. Thereforet it is 25

i nport ant 0 YSOEE e TRRURTS aftarf opEiARLVELY 7 RPRISBBSTAtESE t enperat ure

according to the kind,of conpound to_be deconposed. Since the reaction
t enper at ur ¥ RS v ard lﬁ%pgﬁﬁFﬁﬁ'onaPﬁe Qﬁﬁggbr §BPuctir’t ofPonpound, 5

when the gas t .treated contajns nmultiple kinds.of PEG or HFC as in the
gas discha?%gg%ng%%fﬁglet% ?%%c P cl%%ﬁ?hg s%ép %ﬁgﬁhe(%#ocg § of

dl scha : nrng . r0cess ol ¢ at
i o L T e L TS
wher e, 4 or exa”phﬁotﬁeﬁa%g%%]{treodrftﬁgsgpi‘%sk%% aﬂrlﬂ?éﬂ&ﬁ;r?aiéhtBE.t al

conpound, carbons ori gi nat fr o uorine conpound are oxidi zed by
oxygen rel gagedqupon, despapeskti g of LRe;caLhenat e @@éoﬁgéigﬂaw rel eased

as COz. Depending on the kind of fluorine conmpound, CO nma ener at ed.

However , byaakkeu&aglgégg@hw%qcbﬁ;mge§fﬁfi&61£h%ogaécbﬁp%%etreated, QO is
easily oxidized into with the sanme reactive agent and can be conpletely

20 detoxified. |psotherednds, obhecprenessef Oindesonpasinasf | tgri ne
conpounds according to the present invention can be perforned by passing a
gas contai sobgef | thei NngbeoaPaEBES iDRDOUPT db Ta@Ref OreiZd fptéesnwi th the
reactive agent, while maintaining ~ 7 APR 2003 - 33 the deconposition

t enperat ur enaesvodsnghévet heoded onplosabi théyeofobhectuocane lse@nmpound. Even
if the reaction atnosphere is a non-oxidative atnosphere, the object may be
fully attaavesinédHowgverg foeaceduel npdfnht 0 dpracciEptaipaes Tomcentrati on
or less, the treatnent is perforned in an oxidative atnosphere, for

exanpl e, iHlaoraneaosgospeuntsr,e 20ompk¥saong esslwhinxygemdgasans present in
the gas to be treated. In this 10 atnosphere, CO can al so be sinul taneously
treated. ThEkakygen egrtltonesatlr acoopound20 v vsorerrgsebedadise air i s
preferably used as the diluting gas. Even if the oxygen gas concentration

i s hi gher R¥eserthi snvangerst havef f teunds tdaturian ed amacelss B weconposi ng
activity,does not increase any nore. The fluorine conpound concentration in
the g8 tclgwonpesird is Aduopane cul FIYPPuRiied, hEWERETLS gy excessively
| ow concentration is di sadvantageous in view of profitability. On the 20
other hand, if the concentration is excessively high, the reaction
tenperature increases due to the heat generated by the deconposition.though
this may vary depending on the kind of fluorine conpound, and sonetines the
tenperature within the reactor 25 can be hardly controlled. Therefore, the
gas to be i ? APR 2003 - 34 treated is preferably diluted with an inert
gas or an oxygen gas-containing gas (including air) such that the fluorine
conmpound concentration becones fromO0.01 to 10 volt, preferably fromO0.0

to 55 vol$, nore preferably from0.01 to 3 volt. The fluorine conmpound

e Y o e o -



25 intermttently discharging the used reactive agent - 38 ~7 gfﬁgﬁg% n
fromthe reactor, the operation can be continuously perforned for1 I 003
period of tine in the same apparatus.e¢ As descri bed above, according to the
present 5 invention, the fluorine conpound can be deconposed wi th good
efficiency and the gas discharged is substantially free of residual harnfu
mat eri als such as fluorine conponent or carbon nonoxi de. The fluorine
conmpound descri bed here is a conmpound 10 which can be used as an etching

gas 1n the ebebhod, akepaol (2302 ALealbiB0ay | Bl Cieanidib el ep durlng

t he process of manufacturing sem conduc evices, and this is at |east

one 1 uori ng. sonpouad aeleqted {oom the of olpnoeRsLALENG©f288eC

per fl uorocar bon, hydrofl uorocarb0o chl or of ' uor ocar bon,

hydrochl or of } ugiacar beme perfibuoneet Bshpoindr of hnonnet helernfdiugy ool efin and
sul fur fluoride. The present invention is a process for . manufacturing a
sem conduct@écalRyb£€d , CRImRr | $bMbr aPed0 cBUSHING Odt&heanifMaoztiere of using

t he abovedescribed fluorine conpound as an etching or cleaning gas and a
deconposi t i Dfomd epanfi/eCoBPAFRY & tddmkor | den CoppouRndxednt aisni ng gas

di scharged fromthe etching or cleaning step using 25 the reactive agent
conpri si ng &t L ivde andaan £flubrAd¥PR 2R830r 32 aKefate eaft h aret al
conmpound, where the fluorine compound-containing gas can be deconposed and
det oxi fi ed aiikdl gowdeetthcimeneyl. im the plecedisd agemnyf acturifng a 5

sem conduct or device such as LSl and TFT, a thin or thick filmis forned
usi ng a CVRlewitmd, bdyspaddengn@g neéhed @xialevatourlevaperatiiore net hod, and
then a circuit pattern is formed by etching. In the apparatus for formng
the thin oragdnttk ¢ | nin¢Orpbeatnieng dxygear f ormeal sbhas féuparimee
unnecessary deposits accunul ated on inner walls of the apparatus or jigs.
The act@nulcamadwithecessar yCaeposi tsosansdegeagengradsrdof cpart bel es,
therefore, nust be renobved on occasion for producing a good 15 film The
et chi ng netHaksAmpuI by ex@aphaedt h@ngbovidheresey i bégtpradiede conpound
can be perforned under various dry etching conditions such as plasma

et chi ng andhd cPBABFBLetidHI9it 1The hggs PSR hAcGEIrAg-Shash PRESEL chi ng st ep
may contain, for exanple, conpounds such as SiF, and COFz or gases such as
hydr ogen cloriesand ddidsen fITHG | BESSeRt ad@s$i b FRO&ESFI uori ne
conpounds. However, as described above, by using the reactive agent of the
25 presentt?hv%nf?éﬁ?lFﬁe§€“§Hﬁp6&ﬁd§iaHH°§§§§sq¥Hh fgcompogang

si mul t aneoysl y deconposed and the chlorine or fluori atom can be fixed as
a chldﬁ?de gfﬁﬂﬁiﬁ%%ﬁ?%ﬁgén %?ﬁ%F?ﬁ@deéPtﬁlﬁeEQI(2§)t%§ﬂ%ﬁ?bon at om can
be deconposed in%q cargﬁg di oxi.de and tost5 d tgxifiegOmtgggnding on the

kind of the fluorie c o&r?da,c%%y HE r@ener Ted. WeVEeT B§ all owi ng an

oxygen gas t res ibhg the onposi ti p W t gas to be
treat ed, Cél%ﬁggg% béggg%$#§dgkid?§% %$H¥§9%Izgggﬁib%usw%gg bgﬁconpletely
detoxifiedalﬁ%ﬁﬁm@wgg h W& Pf 0CSs5o9f 4t he present invention can be used
in the process for manufacturing sem confluctor devices described in 15

JP- A-10- 12605 an P- A+2Q00- . dhe nt s,Rvenid i cribed in
greater detail bgﬁém1b§%géfe?$?§gl¥% Efgﬁgﬁgs,fEEWEG%%%&F isgﬁgsent

I nvention $hoehkdngot RengANRid ueds asqBgkrapkm tigd they etanobll ess

ot herwi se indicated herein, 20 all percents, parts ratios and the like are
by wei ght . wRREBAR ATEON: EXAL hRLEGF REACT. ZVrCENTS tWatel Qlifed ayemat erial s of
reactive agents used '! ? APR Ql43 in tests are shown in Table 1. - 47 1
? APR 2003sdane/®foRawbasti cl eSpecificlnpurities (nmass$)Materials

of Si zeSur f aceReact i ve Agent (~) AZeaNaKFeSi (m ~9) CaCQO, - a

(hi gh-purity40-0(80120:8005< £9018. 00Qkcal ci oY Ccardmishs) £agy, - b

(1'i ght50-0. 00560. 00080. 00100. 001cal ci um car bonat e) CaCQ, - c

(heavy45- 0£ 01640n802 AP Q8L alerd dttm Ised bomat &) So€0(2) above,
(strontium-0.01070. 00Z0. 005- car bonat e) A1~0~-a [ ALO( OH)

] 602426. 00QFE«OeDO1ER20 a%0A (zs sl @ dmedun hedh0D840aD0Gbabym na) A110,-b [
ALl 0, ]-17 3----( Al zO -a baked at550C for 3 hours )Al zO, -c

(activel02550. 067<0. 001Fe~0O, Si O-al um na) 0. 030. 01Al sO, -d
(activeb2010. 28<0. 001Fe~O Si O-al um na) 0. 010. 01Cuo (cupric

oxi de) 4- 10- <0. 01<0. 01<0. 01<0. 05Sn02 (stannic

oxi de) 4- 10- <0. 01<0. 01<0. 01<0. 0SVvz05

(vanadi umd- 10- <0. 01<0. 01<0. 01<0. OSpent oxi de) ~Cr~O, ( chrom unil0-<0 . O 1<0
. Ol<0 . Ol-oxide)Binder | (ultrafine<0.1-<0.001<0.001<Q 001<0.001powder

al um na) Bi nder 11 (clay)50-Na~OK20Fe~Q, Si 0z0. 060. 072. 13 -57.73 In Table 1
with respect to the sane raw materials of the reactive agent, an al phabetic
1 ? APR 2003 - 42 designation (for exanple, CaCO -a) or an Arabic figure

Y Y M - o o oy r r I



F ion present in the gas treated. Deconposition ratio = 15 (conceni r7atPiRﬂ’|2l][]3
of fluorine conpound in gas to be treated - concentration of fluorine
conpound in treated gas) . (concentrdti-on of fluorine conpound in gas to be
treated) x 100 (~) 20 EXAMPLES 1 TO 3 Using the reactive agents which

varied in the ratio of alum na and cal ci um carbonate bl ended in the

reactive agent as shown in Table 2, deconposition reactions of CFa were
performed. The 25 al um na used was pseudo boehmite al um na (hereinafter

sinply referred tqq43s "AhzO -Adcalde hgedPR 2003 -gd6ombbgiakkal i ne
earth nmetal conpound used was high purity cal cium carbonate (hereinafter

sinply refernedrideasonprdldsd’ds dd¥-F L8681 OR g@ryp@rrat (gne amsyeconstant |y
650C and the oxygen 5 concentration was set to 5 volt. The results

obtai ned ar ghehewn i thdabilemdnalVih askycdleedi ng r sbkanga geeqaposition
ratio of 99~ or nore was attained within 3 hours after the gas to be
treated wasbbehmidecesluiriiid hernose, basidd showerddtdwdl &2, fabmost no F
ion or COwas detected in the treated gas of Exanple 1. EXAMPLES 4 TO 6 A
reacti ves agent ppepanéd°opder the sane conditions as in Exanple 2 was used
for 15 deconposition reactions of CFa by varying the reaction tenperature.
The results are skébwn i hhdablreattiite a remett onfoenpetextempo®ing00C, a
deconposition ratio of 99~ or nore was attained and at 700C, a

deconposi ti bhupatne cfori@udy asr de2Tnudsedit tai ey wonhki 5 hburs after
the gas to be treated was introduced. .~J~IPLE 7 A deconposition reaction
of CFa was perf ot redehader tWhemmie domli td0esl brei re@&xbplretakbxcept 25
that the tenperature at the baking of reactive 1 7 APR 2003 - 47 agent
was changedc®®parBE0Cis0 Fo0CArFABatEsUPEs BBCUASFEI®r e FHoWHIMN Tabl e 2.
The CF4 deconposing ratio was the sanme and 99% or nore, however, the
deconpddi t i oRrPRELBMWAE BARAVEN|Iy decreased as 5 conpared with Exarrpl e 6.
EXAMPLEy~ 8 AND 9 Decorrp03|t| on reactions of CF, were performed under the
same conditions a®in ExiPml €eRCAiYExarBEBt7 ek@Bpt AIFAMRIRLAI umi na i n

the reacti vg 10 agent was changed to pself)[oé(% bpoehm te al um na baked at 550C
for 3 hourst{pers ’ﬁaFPé‘lpoélPﬁ'&I V2§ efl€8SFed ak"AAY -PYE Ph Exbhple 8, a

deconposi ti onr action usi a reactive agent having, add thereto Bi nder
s el so S ohahoeba Ve T ekt oche 3id ik %I;sl glxalyqe
deconposition ratio. o s_in Exanple 2,

st t
reveal i ng no- ﬁ??f@%ﬁé c&’ﬂ’?‘%ué’cﬁa?}f%??ggo birﬁag VP Bedhpl e 9, the
test wag perfof g A teﬁfooggrxﬂo " the baki, Qg H &P agur%raélrldc]_g]e 20

reacti on terrper ure at e Sa manner as t hen,

hi gh decorrpé)isiélgp {@ﬁ, ;Bncé?P'PeQS mai nt ai ned. 1 7 APR Q403 e .i -

~r¢c~¢c~c,¢€¢,. In~~ C-C.~-Q!'!lv -tT -
_-L 0-r 0. C]_ y/ DL : a. 0~ @5+ a, B o ~a~La
Mo~ a- a- nN- G ~Vthq-€;SL or’-eaCtlQ’f" > BAHROT % Recomi AP
Q-Ov~, ro *fPhonolﬁe coﬁpogndfs “as d@%crlﬁedv 1r95a1’iy0 d:ne,c pfE~ (L O ~ ' o
no~ n "o, 0. N na) a~a~ .0 a -l c +~~, Ecx ~oro.-.ro U

~ya~ oa~a~ Q:“CQ @69 aQES@é',\FQIh)éreQnC thé Hl@m'i%a Qrd e @1%aline

20 earth metal compound are present 1in the reactive
agent at a mass ratio of from 1:9 to 1:1;

(8) the reactive agent for decomposing

fluorine compounds as described in any one of (1)

to (7) above, which contains at least one oxide of

25 a metal selected from the group consisting of
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(9) the reactive agent for decomposing
fluorine compounds as described in (8) above,
5 wherein the content of the metal oxide is, in terms
of a ratio to the total mass of the alumina and
alkaline earth metal compound, from 1:99 to 5:95;
(10) the reactive agent for decomposing
fluorine compounds as described in any one of (1)

10 to (9), which has an alkali metal content of 0.1
mass% or less;

(11) the reactive agent for decomposing
fluorine compounds as described in any one of (1)
to (10) above, which is a granular product obtained

15 by baking at a temperature of from 400 to 700°C;

(12) the reactive agent for decomposing
fluorine compounds as described in (11) above,
which is a granular product having a particle size
of from 0.5 to 10 mm;

20 (13) the reactive agent for decomposing
fluorine compounds as described in any one of (1)
to (12) above, which has a water content of 1 mass%
or less.

(14) the reactive agent for decomposing

25 fluorine compounds as described in any one of (1)



Lorobrororola_ C~ NinlI~~I100 .00 ~ b +~ -1VUnU oV roVv bUJ\r?UA?R 2003
| ~

.oU.avVrod NO~ ~ ~-mUU. UWUWUWUWUai .~ ~ o\\\\\\wW aw n.~1 +~~ro | 1la
lla IrolL~1lro. I~1Ip ~~OV OOO0O0VO000CU .r
Oirlri.-i~1.-1.-a.~ -laWfC-~ft~2av. a.-1Nf 1V 1f 110(~WOlroxw - 49 1 7

APR 2003 EXAMPLES 10 TO 13 Deconposition reactions of CFA were perforned
under the sanme conditions as in Exanple 2 and Exanple 6 except that the
cal cium carbonate in the S reactive agent was changed to light calcium
carbonate (hgreiingf taiow Molyerefar e 101 @Sr ) 58 RomPolin@l heayy cal cium
carbonate (hereinafter sinply referred to as "CaCO -c"). The results

obtai ned are-.ghewBnkn a8 2 ddmS&nbeseeencbhRats Lo (e dgeomposi tion
ratio of CFA corresponds to the total amount of inpurities in each cal cium

carbonate shguwgikpifhgbl 851 gadrhasrachendency e daanfasscdbéhe order of
CaCO -a (Exanples 2 and 6) > CaCO,-b (Exanples 10 and 11) > CaCQ, -c
(Exanpl es 18h18rantuddbcaEXKAMPLE, 14_~' hydibcheeomrasididunreaef i ons of CF;
were perforned under the same conditions as in Exanple 13 except that the
al um nasi n phefleacbevhReagent MasrshancedeRet t he&laldrdiae AL, - b
A1203-c or Al zO -d) shown in Table 1. The results obtained are shown in
Tabl e 3. |tsukfseenltbatidehesdegoapdscoFon rati o of CF, corresponds to the
anount of inpurities in each AlzO and decreases in the order of Al120,-a (
Exanple 2 5 13 ) P1AL208kéd ( reecamplwe 14apentAl20rc deecapusirdd ) > - 50
Al zQ -d ( Exanple 16 ) . 1 7 APR 2~~~J EXAMPLE 17 A deconposition reaction
was per f or netuontee tdemsanedsondst i descas bed Exanpl(d4l) eadepte t hat the 5
fluorine compound was changed from CFA to C2F6 . The results obtained are
shown i n Tathersin Thehelecbhposineoncrappendf CZRGadieschéyB®Ien nore
within 3 hours after the gas to be treated was introduced. 10 EXAVPLES 18
TO 20 bBcorpokeridm 2edlerohydsPIerrd lwsrid dser f or med under the same
conditions as in Exanple 2 except that the reaction tenperature and the
oxygen concentrat{h wet e BHEEEES. ThHelr eSAAGURDT B hed f2HOF A& hown i n
Table 3. In Exanple 18, the reaction tenperature and the oxygen
concent r at iR S et COPPEOIGE Hhd CONS aFHitnT r Bs AT TS, IR ver, the
deconposition ratio of C~F6 was on the_sanme level as in Exanple 17 end the
effect of @FRTOIIGhgIPh@D GBRerdt i bh) of-TH has ﬁ%ﬁo"&f‘f’?gﬁeﬁtly high. In
Exanmpl es 19 and 20, the decopposition reaction was Cg)ﬁrfo(&;g:c? by changi ng
the reacti dnt Y¥MgE attFPIHPE5RE arftl (HERSEAEH GaL Lorfdthty afon to 0 vol t
or 20 Y?lt'm In either 25 exanple, the deconposition ratio of CzF6 reached
-~ 51

90~ Br®imore within 3 hours after the gas to be treated was
gas in

i ntroduced. In l e 19, near| ~ CO r at ed, [
Exanpl e 20, CO \AE;(gler}ot K égt e(ﬁergodcé/usn% I&gI ho%%%grgg?g?nshegég\éqﬁg be treated 5

was i ntrodygs JF g%i SteddriSe6p t ospsLat i Qhhsfe G0 ¢aR be al nost
conpletely co toré{ ed by aelsj1 ovil neg oxyge(tlhaég)as to %é pr eseenlt'. % r% APR 2003
1?7 APR 20Q 1y:6¥7Te S%oﬁpgdnd—cencentration in a gas to be
treated by contacting it with a reactive agent
20 described in any one of (1) to (15) above is from
0.01 to 10 vols;
(18) a process for decomposing fluorine
compounds, comprising contacting a reactive agent

described in any one of (1) to (15) above with a

25 fluorine compound at a temperature of 500°C or more
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(19) the process for decomposing fluorine
compounds as described in (18) above, wherein the
5 oxXygen gas concentration in a gas to be treated is
20 vol® or less;
(20) the process for decomposing fluorine
compounds as described in any one of (16) to (19)
above, wherein chlorine atom, fluorine atom and/or
10 sulfur atom produced on contacting a reactive agent
described in any one of (1) to (15) above with a
fluorine compound are fixed as an alkaline earth
metal chloride, an alkaline earth metal fluoride
and/or an alkaline earth metal sulfate,
15 respectively;
(21) a process for manufacturing a
semiconductor device, comprising an etching or
cleaning step of wusing as an etching gas or

cleaning gas at least one fluorine compound

20 selected from the group consisting of
perfluorocarbon, hydrofluorocarbon, chlorofluoro-
carbon, hydrochlerofluorocarbon, perfluoroether,

hydrofluoroether, fluoroolefin and sulfur fluoride,
and a decomposition step of decomposing the

25 fluorine compound-containing gas discharged from



‘0000011 y .~ troro > ~ ~~,r,r,r,>@ 00 r,+- o~NN Ga&x C w 17 APR 2003
~Ud -~ ~

UC~. (~p., (.rv0O OQUULLLV +~U.a b O1 OCl~CNG _ """ o" :
"ainoo"'.".'" Voom opo. oo, UEl=m~ Ua~ O ~t~ ~( ~r~ ~t~ri~ ~~
rwo G&&' mmx Gd ~NNHOO...v E&f~UL O~ ~G>mcal a...~Gp" Oo0 O
OUUEEao~nr~rl~~"~uyu) "~uuli'~mdd-~a

" Ui U~ENHHHHH. ~HHCNOUI 20000000, ~O00, --i.-i ~w~d ~ ~ E "~
~rr~r~r~t~~aor~I~f~G O 'b O aoCoo000O00 .aC -.i o ~0o'i 0o O0OOOO0OO

803\60808080%%e eté%uaf EM\?‘\% &%ﬁii%d%sh%g 2 refgl%gffl ~~|eﬁﬁq| NNTI

O CONPOOCOOOEL By thy Gfl b~ (@ o (151N . E
dadddaddddddUUUUUUVUUVUCI 9 al~d°= awwdbdd O 1 yddddi 1111111111 U b

do ~ ~ a OCIIIIII¥%2 the rocess for manufacturin
iOOO.-irir-i.-iri.-i)ri.-.~~-ig~aa~~~caaa Xr, On-- 1N~ l\fllliOf GOO/O-l -r.-1r

“W1 . 1 HNbnddeeo APRAAS - 53 dEXAMRLES 24n TQ 24 Daegwieosi tion

reactl ons of CZFb were perforned under the same conditi'ons as in Exanple 20
except shatyide:ieaciie/e REENY iksathMasd obtaimed oy addinngd arnetal oxide
(Exanpl e 21: VZOS, Exanple 22: Sn02, Exanple 23: Cu00+SnQZ, Exanple 24:
Cr20,) to aleaciiye sagent 1I3avangg@srr&5csmfaaimpn@f N zQear/tCablea - 0.3/0.7
and the oxygen concentration was changed from 20 volt to 3.5 volt. The
resul ts 10 fabicdites arcompoundi n Falleetéd Thef tweonpokét i ogroapi o of CZF6
was al nost the sane as the results in Exanples 18 to 20, but CO was

scarcel y detcectiect iswen ofi t Ipeatt loxygsee giasn ¢ onepdt o Al uonoobrBoh,vol t was
present. Fromthis, it is seen that by adding 15 a netal oxide to the
reacti ve agenigrddQuwarodmrtadbmpst conpl étedyoaxidreétuevenanhder, a | ow
oxygen partial pressure. EXAMPLE S 2 5 ,BND 2 ~ Deconposition reactions of
a m xell gapesff IOk &G-reaw, Cz Fhydepd lperfoertied undef lubeogdatinoendi ti ons as
in Exanple 2 except that two units of reaction tubes were connected
(reactive &yéfturagluoridep 45, andl td¥Freacti on tenperature was changed to
550C or 650C. The results obtained are showmn in 25 Table 4. In Exanple 25
where the reacti d@3) ~theapREoRRess  for  manufacturing  a

semiconductor device as described in (22) above,

wherein the fluorine compound-containing gas

15 contains hydrogen chloride and/or hydrogen
fluoride;
(24) the process for manufacturing a

semiconductor device as described 1in any one of

(21) to (23) above, wherein in the decomposition

20 step, the fluorine compound in a gas to be treated
is decomposed at a temperature of 200°C or more;

(25) the process for manufacturing a

semiconductor device as described in any one of

(21) to (24) above, wherein in the decomposition

25 step, the fluorine compound concentration in a gas



- 54 tenperature was 550C, the deconposition ratio of CZF6 was as{lPVARE 2003
about 70% but the deconposition ratios of both C~-F6 and CFa were al nbst
constantly maintained. In Exanple 26 g/nere the reaction 5 tenperature was
650C, a high deconposition ratio coulld Be maintained for both CF, and C-~F6.
EXAMPLES 27 AND 28 Deconposition reactions of CFA were perforned under the
sane conditions as in Exanple 2 except 10 that CO was present together or

HF and Si F~ were present t oget her. The resuI ts obtained are shown in Table

4. In Exarrpj;g g% Kﬁgegoﬂ gég erbt qdqé‘q:hco was not detected in the

treated gas, were present 15 together,

F ion was not det ?gf in the t ({ aé ed g‘,_%sr ?‘IXPIEIIEE%&% TO 39 Decorrp05|t|on
[ med er

reacti ons were pe un %ie” same condi {10nS &S 1H 'ﬁanpl e 2 hy

varying the &1‘8‘?&@9&: Ooeqpl %atd ?@Iofsi%e f orngg&%ggé %rgo and the

reaction terrpera ure resu own” i n e different

react | on { espgsa ggrggrfer{%ah AecoMpasiLion, rathe whd-atLai feddor any

fluorine c e structures uori ne conpounds used I'n Exanples 31

to 39 age 25, shpun helseWee Jr %Ogéa 5@he§3@§DE%n%%€EéJ§E£Exa”P'e
32CHC1FCF, Exanpl e 33CCl FzCCl FzEx 'e 34CHzFCF, Exanple 35CF CF, Exanpl e

36CF, OCP-CRARZ G dnkraki SBFOFCREKBRD@rBR ae O OF Fe Exampf-C Crzz 2 | CFz
Exanpl e 39 SF6 EXA MPT,E 4 0 A deconposition ‘reaction of CFA was per f or med

under the sane comh)tl Qitfe as hPRoEX3BP! ef%rexcemnﬁ@@@t@gmg |nat he reactive
agent was changed to 5 SrCO . The results obtained are shown in Table 5.
Al t hough t heergleconmast éx ORichalded ki gBkbyrdBeaeases (2% )t hapeasg of SrCO™
the reactive agent can be used as a reactive agent for deconposing fluorine
conpounds. wiHe:r<{WARAT tHe ExécMipoBRStioANR teghethestsxywse gasforned in
the same manner as in the Exanples wth respect to the preparation of the
reactive agenicerthmatieactionaexarplio abd theakele.isl® Peeobposicti on
reactions of CF, were performed under the test conditions shown in Table 6
using a redetssse agent conprising only alumna. As a 1 7 APR 2003 - 56
result, the reaction ratio was abruptly reduced 2 hours after the gas to be
treated was intrddfdedthReactprecegent sfaere prapHiattwndey the same 5
conditions as in Exanple 2 except that MO~ or FeZO, was used in place of
CaCO, in tkemispgnduatagedevase t e déesaposedi o r @t | omeof O€F, was
performed ._ at 700C._ The results obtained are shown in Table 6. In either
exarrple tHé’ldect@rp(o?si)ti@bpvetiwhﬂfaeanC|hdwrflrn@rnattr@be§ltmmhge 1 7 APR
2003 - or,rvr-,o.a--0.~~,no~ wO ~Cc 0 ~
"0 Jo?a gtop . and/qy -~ Fcubf_‘é)r C. aeomlr 1 pooduged Ot"J;Ln oG-the- Gvo. O~ |
\017 V|~VGG .0 O 41 ' Cl Oa
G1~'1 ~O S ecﬂmaosrl\?f% rﬁtrﬁR) C®F. 1dF99mP°elnﬁ o“\fE cﬂﬁ%aa ~N ON
"1 N OO~ ea.-11J
... Ooa fj-l?’cg_ér.ge.d- f.rém ‘}he et %Ntl“-L °%H eleaﬂens| értfp ‘&J&“‘b\l O--1r1 N
0“3 ao a reactive agent described in any one of (1) to
(15) above are fixed as an alkaline earth metal
20 chloride, an alkaline earth metal fluoride and/or

an alkaline earth metal sulfate, respectively.

In summary, the present invention provides “a
reactive agent for decomposing fluorine compounds,
comprising alumina and an alkaline earth metal

25 compound, which can decompose and detoxify fluorine
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~OO-OOOOOCN:ompounds, compriSan contactlng a fluorine
5 compound with the above-described reactive agent at
a temperature of 200°C or more", "a process for
decomposing fluorine compounds, comprising
incorporating oxygen into a fluorine compound and
contacting the fluorine compound with the above-
10 described reactive agent at a temperature of 500°C
or more, thereby controlling the generation of
carbon monoxide", and "a process for manufacturing
a semiconductor device, comprising an etching or
cleaning step and a decomposition step of
15 decomposing a gas containing fluorine compounds
discharged from the etching or cleaning step using
the above-described reacting agent".
According to the above-described conventional
techniques, namely, (1) a combustion decomposition
20 method, (2) a thermal decomposition method using a
reactive agent and (3) a decomposition method using
an alumina catalyst, the decomposition product of
fluorine compounds is a substance still having

harmful effect on the environment. Therefore, a

25 treatment for detoxifying the decomposition product
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5 semiconductor devices, for example, PFC exhaust gas
used for etching or cleaning contains fluorine
compounds such as HF, SiF, and COF, in addition to
PFC. Accordingly, in the case of the catalytic
decomposition method, a treatment for the
10 detoxification of SiF, and the like is necessary
also 1in the early stage and a complicated and
cumbersome apparatus is required. Furthermore, for
the decomposition of PFC which 1is particularly
difficult to decompose, a high temperature is
15 necessary but this gives rise to a problem that the
material of which the reactor 1is constructed
deteriorates.
On the other hand, according to the present
invention, a fluorine compound used for the purpose
20 of electrical insulation, as a refrigerant or in
the process of manufacturing semiconductor devices
can be efficiently decomposed at a low temperature.
In the present invention, the fluorine compound is
decomposed simultaneously with SiF; and the 1like
25 generated when the fluorine compound is used, for
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example, 1in etching. Furthermore, a reaction for

fixing and thereby detoxifying, for example,

fluorine generated by the decomposition as an
alkaline earth metal fluoride (for example, as
5 CaF,) proceeds at the same time. Therefore, the

problems in this concern can also be solved.

‘ BRIEF DESCRIPTION OF DRAWINGS
Fig. 1 is a systematic diagram of equipment
layout showing one example of the apparatus used in

10 the practice of the present invention.

DETAILED DESCRIPTION OF THE INVENTION

The present invention is described in detail

below.
The fluorine compounds which can be
15 decomposed by the reactive agent of the present
invention are described. Examples of CFC include
compounds such as CClr,, CCl,F,, CCl,;F, C,CLl,F,,
c,Cl,F, and C,C1F,. Examples of HCFC include
compounds such as CHC1lF, and C,HC1,F,. Examples of
20 PFC include CF,, C,F,, C,F, and C,F,
(octafluorocyclobutane). Examples of HFC include
compounds such as CH,F, CH,F,, CHF, and C,H,F,.
Examples of PFE include compounds such as CF,0CF,

and CF,0CF,CF,. Examples of HFE include compounds
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compounds such as CF,;0CF=CF, which 1s an unsaturated
compound, and C,F, (octafluorocyclopentene), or
compounds present in the exhaust gas discharged
after PFC is used in the etching step, such as HF,

10 SiF, and COF,, may be similarly decomposed and
detoxified.

These fluorine compounds may be diluted with
an inert gas such as helium, argon or nitrogen, or
with air, or may be a mixed gas containing 0.01

15 vol% or more of a vapor of the fluorine compound
(which is 1liquid at an ordinary temperature) when
accompanied by an 1inert gas or air. The fluorine
compound may be a single compound or a mixture of
two or more compounds.

20 The reactive agent for decomposing fluorine
compounds of the present invention 1s described
below.

The reactive agent for decomposing fluorine
compounds of the present invention is characterized

25 in that it contains an alumina and an alkaline
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>aa .~a ~ao ¢c xUW - 60 EXAMPLE 41 A silicon oxide filmwas gsghggRﬂmﬂa
usi ng an etching gas conprising 20 scem of CF4, 20 sccm of CHF~ and 400
sccmof argon gas . A part of the gas 5 discharged fromthis dry etching
step was introduced using a nitrogen carrier gas into an apparatus shown in
Fig. 1 filled wwth the sane reactive agent as in Exanple 23. A gas at the
outl et of the deconposition apparatus was sanpled 3 10 hours after the
initiation qf e i L t est d l.yzed by, s_chr.omat ography. As
a result, t%@I%ghégﬁgggFgghébggdCFa'%ﬁ% &Egﬁl§8tﬁfhé?%9168$8?g§ m or | ess

and the QO cepeential ion 392?19&%0'aggmgf.s'u%%%ﬁnﬂ‘ée fLygiyne 1on 15

concentrati on was ana yze wat er extraction I on chronmatography and t hen

found to Deakivgl AR Rholfsto AfedBRoLOCd ReLEL MRML NS, T BYCTI Ve agent

of the present i'nvention Is used, orine conpo can be efficiently

deconposed é%s%l@%'aﬁh%@'dkéﬁﬂ&é?”Bﬁb%bﬁhﬁﬁgx¥ﬁg§%ﬂﬂif,f@%ﬂp'@hion and the
fluori ne generated upon deconposition can be fixed as a harm ess substance.
I n others wogds, the ggs.es%uwwtomz:ﬁn fadmeented ugendoa 1 7 APR
203 - 61 1 ? APR 2003 sinple deconposition apparatus by a sinple

treat ment opeuatin@n.aslie decanposi tbpndetbingbshay techi grard qhen oxygen
is allowed to be present together, the generation of carbon nonoxide can 5
al so be conihehl atFc Milseo¥etompBecdecOsIPR§ tall@imipi0dyst ,gGoneRea stabl e

al kaline earth netal fluoride such as CaFz, therefore, the aftertreatnent

i s easy. Al atumihe ef begtfaer t hd g edfidhi@nindeedst of or fheortreti ve agent
is by far 10 higher. In particular, the present invention can greatly
contri bute yenthetedcatposhée i decompasad: ifdruor | Thuspnudwencsl geives at ed in t he
manuf act uri ng process of sem conductor devices. Wile the invention has
been dddcri bedpbnsthedettyi |ANd and hthefebgndeses specidatoalgntbiai nent s

thereof , it will be apparent to one skilled in the art that various
changes andambdiftyat watdicanabe simde t Heime n wi tHowgvetepameétngl f rom t he
spirit and scope thereof. i 7 APR 2003 - 62 CLAIM5S WHAT IS CLAIMED I S:

1. A reactileladentcomoudeisonposigrgeial caner rsaddglul drvidre lreedin al kal i ne
earth wherein said al kaline earth netal conpound magnesi um cal ci um
strontium o?tbar i hABAndamRe A Karenandhr by rmedlaingomseundf artdr iy esent agent
at a mass ratio of from1:9 to 1:1. .-~orine _conpounds, netal compound, is
car bonat e OPFPRET BV umivthemnBYRRCd isd Sr eREt A2 1STheeF EQEREde Hyent for
deconpqgsi ng fluorine conpounds as clained in_claim1, wherein said alumna
has a Specifi® BEFFSRECaPEa SHR D tRIYERRT nbPBLF S + THEG cacPilv®: agent for
deconposi ng, flugrine congounds as claimed in claiml or 2, wherein said
alumina i s pseuB8Boehm al T HEIE, THETLUTT VR agehiff or Rfeconposi ng
fluorine conpounds. as. ¢l ai nmed in aiml or .2, wheregin said alumna is
obt ai ned by® %%f%615§£380“68 i t éFuﬁ%ﬁfEﬁOQ1b%kEh8 PEPETUre of from
400 to 1, 000C. The .reactive nt_for conpasi | uori ne conpounds as
clainmed as € aY%Ffrdraf&%&%F? %g fb0§r9gg§m ﬁﬁ%rggﬁétﬁgdgﬁﬂﬁﬁmiand t he
al kal i ne eag+ | :goO sept Jdy sal | agent chisinb5
the form off Boaie it i PeRY il S8 oBBaRt L Bn 88 A ER T,

reacti a [ f.luqrine ¢l al in claiml or
2ot 2R 2dai i Rt TS e S ons, Alrerdtisy CRIPEYMGS ERLE' REPBICRD Coted 1rom

the group Gansi stbognel iGORRRIGr < fide Ratkelya CORA ts+ GHEOET UM _
nmol ybdenum tungsten and vanadium 7, The reactive agent for deconposing

fluorine camoungdscaspbsahfed 4dbfl ai Puapier &l theneoRhenk19f said netal
oxide, in ternms of aratio'to the total mass of said alunina and 5 al kal i ne

earth net alqeempudthg | 816600 Bodgonds, The goactdveargepkcf or
deconposing fluorine conpounds as clainmed 1n claiml1l or 2, which has an

al kal i et alhieant enk ofd Uf i d@EE % &fo | €gecompos@q la¥ ARR 208 9. The
reactive agent for deconposing fluorine conpounds as clainmed in claim1l or
2, Whizh | sempratidmy pf odHet apicgidiedopywhakirng als aat ggpalature of from
400 to 700C. 10. The reactive agent for deconposing fluorine conpounds as
claimed in claim111l, which is a granular product having a particle size of
from0.5 to 10 mm 11. The reactive agent for deconposing fluorine
conpounds as clainmed in claiml or 2, which has a water content of 1 nmass%
or less. 12. The reactive agent for deconposing fluorine conpounds as
claimed in claim1 or 2, wherein said fluorine conpound is at |east one
fluorine conpound selected fromthe group 5 consisting of a

per fl uorocarbon, a hydrofl uorocarbon, a chlorofl uorocarbon, a

hydr ochl or of | uor ocar bon, a perfl uoroether, a hydrofluoroether, a
fluoroolefin, sulfur fluoride, SiF) and CO~~ . 13. The reactive agent for

— A N~



per fl uorocarbon, a hydrofl uorocarbon, a chlorofluorocarbon, a 17 APR 2003
hydr ochl or of | uor ocarbon, a perfluoroether, a hydrofl uoroether, a
fluoroolefin, sulfur fluoride, SiF,_ agd_COFz. 21. The process for

manuf acturi ng a sem conductor device as clained in claim22, wherein said
fl uori ne conpound-cont ai ni ng gas contai ns hydrogen chl oride, hydrogen
fluoride or a 5 mxture of hydrogen chloride and hydrogen fluoride. 22. The
process for manufacturing a sem conductor device as clainmed in claim?21,
wherein in id co ing step, .the fluorine conmpound in as to be
treated is Sgco%%gsegggﬁ agpgﬁﬁergtﬁgé 5#“%120%C:%ra?&ﬁ%f Zggg? e process
for manuf ackyrlpgsaagemopduct or devige asclained 1o chaimed, wherein in
sai d deconmposing s e%, e fluorine conpound<concentra fon Th agas to be

treated is Loam0081 Lo, 5 10:¥0l % ¢ 2o The PIOGRSS.ASL Myl ackyring a

sem conduct or vice as clained in clarm el n APR 2003

the deconpoghlgmSbsRdi SaPerf Owgét%na {enpetatlice of £ SQfgopr gpre in the
presence of oxygen gas, 5 thereby contro ng the generation of carbon
nonoxi de, 2x§oﬂ'éeapiﬁoq‘§;f%§r$&énm@cﬁcﬂé€' Bendr3@BLongdcher devige as
clainmed in claim 26, erein in sald deconposi ng step, the oxygen gas

concentratigg i Bna gakdoihe tegatdd ietdd VOEYerikess. dAferdby Pprocess
for manufacturing a sem conductor device as clained in claim21, wherein

chlorine atottaihiegi e taban A/ fon SWhikhoudt 08xRE OHYC Db bd ey deconposi ng
step of deconposing the 5 gas discharged fromsaid etching or cleaning step
using the refctheecapgenatase fixed as an al kaline earth nmetal chloride, an
al kaline earth netal fluoride and/or an alkaline earth netal sulfate,
respectively. ' .Dependbirfg . Ah . ABheA Kid . Affl .Hhé . AAludABEneAF . A LA
.A@ .ACl .AF2 .AF .A .A2 .AhE . AY .AhE . A{ . A2 _.A A .A3.An2 .A .A>3

. A Ay210Ay.cdoniyourid, Ay tAeAU. ANlaABLVAS, . A8 nAr . Xdy , . Aeldiomilds i n&SN
CA(&y, . AYy. A2 L Aa,2 . AS@ .AS& AK d.A-.AS7T.A A Ay. A U A Y .AYSR Af (. A

. A, " by*3; <GHuorine compounds of the present invention,

9: CDvwW N{ vqgl gb] X] cRa] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] calaepichlna] caleminéda) gnlicapo apikalhpe vieth metal

>?ef {vqgl gb] X] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca]c

a] ca] ca] ca] AR cFava) ggreajats cradutamerafigde as  shown

al yQRNOQ cQgz} wr mhc”Y] ] cal ca] ca] ¢ a] ca] ca]c™a]ca]ca]calc

a) ca] ca] ca]b@aH%] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca]c
aljcalzl!lle& && (())***7/ D K/.00333Mb5(8*8, 83858<8=} xrngb] X]cal]ca]c alUc a]c
aU ¢ afea] ca] ca] dad)lc a]da] ¢apCafCa 8Llfdcapc28PE: af c3F€a] ca] ca] ca] ca] cal ¢
aJca] ca] ca]c"a]calc a!::::/@E?AB%?HBHBBBCCCCCF(F/F;H

JJqJJJIIF K{ KooOzupke® [ V[eFalt 3FeSP " :La] Ta]t€HFHxcd] é85%al c5Pca] ca] ¢

; %%;&%?;Tf%‘-} %;”‘x]xx@%%" : ?«ieﬁf%%%&ng{nea{;&@%"a f""] r S%Ek]ﬁcl# he Eﬁl%a%%ia%%"rc N
a) ca] ca] cal ¢ al.cal.c"a]lcajcal c"a]cal calcalcalcalc, a]calcalc"a]ca]ca]calc
alc a] ca] c]zi’f%af]clcéléedtgya] ca %ﬁ%’%a! pB@fL’@ i yULR/J.W zSz%lz'Ffls-g'rF |
a% | wrmhe” e ledl ¢ glcalcal calgal ¢ gleal calgal Coxygen partial
a] ca] ca] ca}%a] C. a]’ca@}nca] cajc € oxygen P
" , | . N
ol ool ol Eor oL e Caf ¢ A CSP k) (¢ A CalEa] CRaTCaT o cAjaal e
a] ca] ca] caj¢a] £ad £@| ’Eﬁ%ec ?]{931]2(: galcahealy) WA ted from the
{vagl gb]W]c”a]ca]ca]calcaJc"a]ca]ca]c
a] ca] ca] c" glkeabc @b sal sai 58] oM C%]c&ﬁlé&a‘} cgligal calexghcal Gobalt,
aJ ca] caV]ca] caJca] c"al r#=C>ER| w nhc”Y] |] ca] ca] ca] ca] ca]c

a] ca] ca] c"aheahsahtakealtRldn #l cal ¢af sathakedl GAlfadium, to the

aJ ca] ca] ca]ca] calca]ca] caljca]c a]caldo6]*qs{}'/?@toid*"YSmhU]c a]Jc aV]c a]c
aV]c a]c avkecaliteabgendl,C il cc@tsoRUnendks c@Ularle add £aakedal c&aj c
alc&a]calc alcalc”alcalcalc a]ca]c”alcalcha @T~&) / ~ytni crXSnmh] caV] c

a] caVlps a] ¢avbccakbahc ddlsdlde afen akgade avVhowdlbaldernPBsrtial



aljc aV]c aJc aUc aJjc aUc aJcaUc aJc aJcaljc aUc aJc aUc a]c 25§ 00
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aJjcaljc aUc alJc aUc alJc aUc alJc aUc alJc aUc alJc a]calca]cal]ca]ca]c
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ajcajc pressure. This metal oxide 1s considered to serve
also as a co-catalyst of breaking the carbon-carbon
bond of the fluorine compound.
The alumina used in the present invention 1is
5 not particularly limited, however, it 1is important
to select an alumina having a sufficiently large
number of active sites which result in the
decomposition of fluorine compound and a
sufficiently large specific surface area, namely,
10 pores (size and volume of pore) which result in the
adsorption of fluorine compound. Accordingly, the
alumina preferably has a specific surface area of
50 m’/g or more, more preferably from 100 to 300
m’/g. Also, it is important to select an
15 appropriate starting material with a reduced level
of impurities. Examples of the alumina raw
material which can be used in the present invention
include an active alumina and a pseudo boehmite
alumina. Aimong these, pseudo boehmite alumina is
20 preferred. The pseudo boehmite alumina may be
mixed as it 1s with an alkaline earth metal
compound and used. In the case of baking the
pseudo  boehmite alumina, the baking may Dbe
sufficient if it is performed in an inert gas such

25 as nitrogen or in air at from 400 to 1,000°C,
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APR2003

U.c a& +, R"\~cd}xsnid _ZUU ]c a]ca]c
c aJc aUc aJc aUc aJc aUc aJc aUc

ajc aUc ajJc aUc aJjc aUc aJjc aUc aJc aUc a JOw{ytni crXSU caU]c a]cal]c
aljcaUc alJcalUc ajcaUc aJcaUc alJcalUc aJjcajc aUc ajcaUc alJc aJjca]lc aU]c
aljcal]c aUc alJc aUc aJc alJcalc a]ca $& /0OFGRS[\a~ysnhc] XU ca]c aUc a]c

alc ajc aub%éﬂé%é§ﬂ¢:EQSmaEB%]%xa 800°C, more preferably from

10

15

20

25

500 to 600°C, for a few hours.

The content of alkali metals present as
impurities in the alumina is suitably 0.1 mass$% or
less, preferably 06.01 masss% or less, more
preferably 0.001 mass% or less. Furthermore, the
particle size of the alumina is 100 um or less,
preferably 30 pum or less, more preferably 5 um or
less, and alumina in the powder form is used.

The alkaline earth metal compound as another
component of the reactive agent is described below.

The alkaline earth metal compound is
preferably a carbonate of magnesium, calcium,
strontium or barium, more preferably a carbonate of
calcium. In the case where, for example, calcium
carbonate is used 1in the reactive agent, the
calcium carbonate present together with alumina
fixes fluorine generated by the decomposition of
fluorine compound as CaF, and thereby prevents the
fluorination of alumina, so that the alumina
maintains the function (activity) of decomposing
fluorine compounds.

In the alkaline earth metal compound,
similarly to the alumina, the content of alkali

metals present as impurities 1is suitably 0.1 mass$%
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alkaline earth metal compound and the content of
the alumina may vary as the decomposition reaction
proceeds. However, at least in the initial stage
of the decomposition reaction, the alumina is
10 preferably present in an amount of 0.1 or more 1in
terms of a mass ratio to the entire reactive agent
of which mass is taken as 1. If the mass ratio is
less than 0.1, the decomposition of the fluorine
compounds may not proceed satisfactorily, whereas
15 if the alumina is present in an amount in excess of
0.5 in terms of the mass ratio, the amount of the
alkaline earth metal compound decreases in
proportion and the effective utilization factor of
the reactive agent decreases.
20 The content ratio of the metal oxide 1is
preferably, in terms of the ratio to the total mass
of the alumina and the alkaline earth metal
compound, from 1:99 to 5:95. If this mass ratio is

excessively small, the effect cannot be obtained,

25 whereas 1if it 1is excessively 1large, the total
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The reactive agent for decomposing fluorine
compounds of the present invention can be prepared
by mixing the alumina and the alkaline earth metal
compound at the above-described mass ratio and if

10 desired, by adding a metal oxide, and may be used
as it 1is. Here, the water content in respective
raw materials 1s preferably reduced as 1low as
possible. The water content in the reactive agent
is preferably 1 mass% or less.

15 The reactive agent can also be prepared by
granulating those raw materials and may be used as
a granule. In forming the reactive agent by
granulation, water or depending on the particle
size of the raw materials, water and a binder may

20 be added. The binder is not particularly limited
as long as it does not affect the raw materials
blended, and may be added in an amount of from 0.03
to 0.05 in terms of the mass ratio to the total
mass of the raw materials blended which is taken as

25 1.0. The binder is preferably fine powder alumina.
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suitably 0.1 um or less, and the content of alkali
metals contained as impurities 1is suitably 0.1
mass%¥ or less, preferably 0.01 mass% or less. This
fine powder alumina is advantageous in that the

10 effect can be obtained even with a small amount and
the relative contents of effective components per
unit volume of the reactive agent scarcely decrease.
However, as long as the binder does not affect the
capability of the reactive agent obtained, the kind

15 and the amount of the binder are not limited.

As described above, each of the raw materials
blended in the reactive agent, including the fine
powder alumina added as the binder, preferably has
an alkali metal content of 0.1 mass% or less. If

20 the alkali metal content in the reactive agent
exceeds 0.1 mass%, the active sites on the alumina
surface decrease and thereby the decomposition
ratio particularly of PFC such as CF, and C,F; is
reduced.

25 In manufacturing the granular reactive agent
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this granular article, those capable of performing
mixing and granulation at the same time are
convenient, however, those where the mixing and the
granulation are separately performed may also be
10 used. For example, when a Henschel mixer or a
vertical mixer is used, the mixing and the
granulation can be performed at the same time.
However, it 1s also possible to mix the raw
materials in a Henschel mixer or a V-type mixer and
15 granulate the mixture in a pan-type pelletizer or a
drum pelletizer.
The granular article is then dried at from
100 to 200°C in an inert gas such as nitrogen or in
alr so as to evaporate water. Thz reasons why the
20 reactive agent 1is used as a granular article are to
have high decomposing activity of the reactive
agent and to increase hardness and thereby to
prevent crushing or flouring during filling into a
reactor or handling. For this purpose, it 1is
25 preferable to further bake the granular article.
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w%telu%@déﬁ(hu§lng the granulation can be further
evaporated to increase the decomposing activity and
that the hardness can be further increased. 1If the
baking temperature exceeds 700°C, the decomposing
ratio (activity) of the reactive agent decreases
though it is not clearly known whether this 1is
ascribable to the decomposition of the alkaline
earth metal compound (for example, CaCO, — CaO +
COo,). In other words, it is important to almost
completely dehydrate the bound water of alumina at
700°C or less where the activity of reactive agent
does not decrease. The water content in the baked
reactive agent is preferably such that the amount
of water content released on heating at 550°C in an
inert gas or air is 1 mass% or Jless. The baking
may be performed in continuous equipment such as
rotary kiln but may also be performed 1in a
stationary furnace.

As described above, the reactive agent for
decomposing fluorine compounds of the present

invention comprises alumina and an alkaline earth
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tungsten and vanadium, so as to oxidize the carbon
monoxide into carbon dioxide even under a low
oxygen partial pressure. The reactive agent 1is
preferably in the granular form for increasing
10 opportunities of contact with a fluorine compound
to be decomposed. If the particle size |is
excessively large, the surface area participating
in the adsorption and diffusion of the fluorine
compound gas is relatively reduced and the
15 diffusion rate becomes lower. On the other hand,
1f the particle size 1is excessively small, the
surface area participating in the adsorption and
diffusion of the fluorine compound gas is
relatively increased and the diffusion rate becomes
20 higher. However, the amount of gas to be treated
increases to give a large differential pressure and
this prevents the reduction in the size of reactor
or the like. Accordingly, the particle size of the
reactive agent 1is suitably from 0.5 to 10 mm,
25 preferably from 1 to 5 mm.
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compound at an appropriate temperature, the
fluorine compound is decomposed and the chlorine
atom and/or fluorine atom generated by the
decomposition is fixed to the reactive agent as a
chloride and/or a fluoride of an alkaline earth
metal. In the case where the gas to be treated
contains a sulfur fluoride such as SF,, the sulfur
atom generated by the decomposition is fixed to the
reactive agent as a sulfate of an alkaline earth
metal, thus, the generation of sulfur oxides can be
controlled.

In other words, when the reactive agent for
decomposition of the present invention 1is used,
fluorine compounds can be efficiently decomposed
without releasing harmful decomposition product
gases, for example, compounds such as HF, SiF,, COF,
and SO,. However, 1in order to prevent such
decomposition products from remaining in the

decomposed gas, the reaction conditions must also

be appropriately controlled, such as the reaction
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reaction (decomposition initiating) temperature is
a very important condition.

The reaction temperature varies depending on
the kind of the fluorine compound present in the
gas to be treated.

For example, PFC is classified into compounds

which are difficult to decompose out of fluorine

compounds. In particular, CF,, C,F, and the 1like
are most difficult to decompose, and for
decomposing these only by mere thermal

decomposition, a high temperature of from 1,200 to
1,400°C is necessary. However, according to the
process of the present invention, these can be
decomposed at 550°C or more. Furthermore, CHCLF,
which is an HCFC can be decomposed at a temperature
of 200°C or more by the process of the present
invention. As such, the decomposition temperature
varies by a fairly large range depending on the
kind of fluorine compound. Therefore, it 1is

important to set the reactor at an optimal
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of PFC or HFC as in the gas discharged from the
etching or cleaning step in the process of
manufacturing semiconductor devices, the reaction
temperature is set at 550°C or more to detoxify all

10 of these fluorine compounds. In the case where,
for example, a carbonate is used as the alkaline
earth metal compound, carbons originated from the
fluorine compound are oxidized by oxygen released
upon decomposition of the carbonate and mostly

15 released as CO,. Depending on the kind of fluorine
compound, CO may be generated. However, by
allowing oxygen to be present in the gas to be
treated, CO is easily oxidized into CO, with the
same reactive agent and can be completely

20 detoxified.

In other words, the process for decomposing
fluorine  compounds according to the present
invention <can be performed by passing a gas
containing fluorine compounds through a reactor

25 filled with the reactive agent, while maintaining
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However, for reducing co to an acceptable

concentration or less, the treatment is performed
in an oxidative atmosphere, for example, 1in an
atmosphere where 20 vol% or less of oxygen gas is
present 1in the gas to be treated. In this
atmosphere, CO can also be simultaneously treated.
The oxygen gas concentration is 20 vol% or less
because air is preferably used as the diluting gas.
Even if the oxygen gas concentration is higher than
this range, the effect 1is saturated and the
decomposing activity does not increase any more.

The fluorine compound concentration in the
gas to be treated 1is not particularly limited,
however, an excessively 1low concentration is
disadvantageous in view of profitability. On the
other hand, if the concentration 1is excessively
high, the reaction temperature increases due to the
heat generated by the decomposition though this may
vary depending on the kind of fluorine compound,
and sometimes the temperature within the reactor

can be hardly controlled. Therefore, the gas to be
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fluorine compound concentration in the gas 1is not
particularly limited to this concentration when the
heat generated by the decomposition can be removed
affirmatively and the reaction temperature can be
10 controlled.
In this way, preferred reaction conditions
are established according to respective cases by
taking account of the kind and concentration of the
fluorine compound in the gas subjected to the
15 decomposition treatment, the oxygen gas
concentration in the gas to be treated, SV (space
velocity), LV (linear velocity) and the mixed state
with other gases.
The decomposition treatment may ke performed
20 using a decomposition apparatus comprising a
reactor filled with the above-described reactive
agent, an inlet for the gas to be treated, which is
provided to communicate with the inside of the
reactor, a gas outlet for discharging the gas out

25 of the reactor after the reaction, a furnace for
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Fig. 1 1is a view showing one example of the
apparatus for practicing the present invention.
While previously allowing a constant amount of a
carrier gas to flow through a nitrogen gas supply
10 line 2 or an air or oxygen gas supply line 3, a
preheating zone 9 for heating the gas to be treated
in a reactor 8 and a reactive agent 12 filled
downstream are heated to a predetermined
temperature by an electric heater 11 using a
15 temperature sensor 7 provided in the reactor 8 and
a temperature controlling unit 10, and then
controlled at a constant temperature.
After the control to a predetermined
temperature, gases to be treated are introduced
20 into a mixing chamber and a header 4 through
respective valves from a fluorine compound gas
supply line 1 and a nitrogen gas supply line 2 or
an air or oxygen supply line 3. The mixed gas to
be treated is introduced into the reactor 8 through

25 a gas inlet tube 6. The gas to be treated, which
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predetermined temperature by a cooler 14 (either
water cooling or air <cooling is possible) and
discharged from a discharge tube 16. For sampling
a gas, sampling ports for the gas to be treated 5
10 and for the treated gas 15 may be provided in the
vicinity of inlet and outlet ports of the reactor 8
and thereby the components of each gas may be
analyzed.
As such, the fluorine compounds in the gas to
15 be treated <can be almost completely (in a
decomposition ratio of nearly 100%) decomposed.
The fluorine component in the decomposed fluorine
compound 1is fixed to the reactive agent as a stable
alkaline earth metal fluoride such as CaF, and the
20 carbon component is mostly discharged as CO,
together with the diluting gas such as nitrogen gas.
Accordingly, the treated gas 1is a harmless gas
substantially free of residual harmful materials
such as fluorine component or carbon monoxide.

25 The decomposition reaction terminates when
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5 system where when the fluorine compound is detected
and the reactive agent 1loses the decomposing
activity, the apparatus stops the operation and
after newly filling the reactive agent, the
decomposition reaction re-starts, or by

10 sequentially exchanging the reactor with spare
reactors previously filled with the reactive agent
in the same apparatus.

In order to continuously use the batch system,
a multiple tower switch system may also be adopted,

15 where a plurality of reactors of the same type are
juxtaposed, the reactive agent of one reactor 1is
exchanged while another reactor is operating, or
the reactor 1is exchanged with a separate reactor
previously filled with a reactive agent, and when

20 one reactor is stopped, the gas passage is switched
to another reactor. Furthermore, when the
apparatus used 1is designed to have a function of
continuously or intermittently supplying the

reactive agent into the reactor and continuously or

25 intermittently discharging the used reactive agent
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substantially free of residual harmful materials
such as fluorine component or carbon monoxide. The
fluorine compound described here is a compound
10 which can be used as an etching gas in the etching
step or as a cleaning gas in the cleaning step
during the process of manufacturing semiconductor
devices, and this is at least one fluorine compound
selected from the group consisting of
15 perfluorocarbon, hydrofluorocarbon, chlorofluoro-
carbon, hydrochlorofluorocarbon, perfluoroether,
hydrofluoroether, fluoroolefin and sulfur fluoride.
The present invention is a process for
manufacturing a semiconductor device, comprising an
20 etching or cleaning step of using the above-
described fluorine compound as an etching or
cleaning gas and a decomposition step of
decomposing a fluorine compound-containing gas
discharged from the etching or cleaning step using

25 the reactive agent comprising alumina and an
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thick film is formed using a CVD method, a
sputtering method or a vacuum evaporation method,
and then a circuit pattern is formed by etching.
In the apparatus for forming the thin or thick film,
10 cleaning is performed so as to remove unnecessary
deposits accumulated on inner walls of the
apparatus or jigs. The accumulated unnecessary
deposits cause generation of particles, therefore,
must be removed on occasion for producing a good
15 film.

The etching method using, for example, the
above-described fluorine compound can be performed
under various dry etching conditions such as plasma
etching and microwave etching. The gas discharged

20 from the etching step may contain, for example,
compounds such as SiF, and COF, or gases such as
hydrogen chléride and hydrogen fluoride, in
addition to those fluorine compounds. However, as
described above, by using the reactive agent of the

25 present invention, these compounds and gases can be
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Depending on the kind of the fluorine
compound, CO may be generated. However, by
allowing an oxygen gas to be present during the
decomposition step with the gas to be treated, CO

10 can be easily oxidized into CO, and thus can be
completely detoxified.

Furthermore, the process of the present
invention <can be used in the process for
manufacturing semiconductor devices described in

15 JpP-A-10-12605 and JP-A-2000-58840.

The present invention is described in greater
detail below by referring to Examples, however, the
present invention should not be construed as being
limited thereto. Unless otherwise indicated herein,

20 all percents, parts ratios and the 1like are by

weight.

PREPARATION EXAMPLE OF REACTIVE AGENTS

Various raw materials of reactive agents used

in tests are shown in Table 1.
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calcium carbonate)

CaC0,-b (light 50 - 0.0056(0.0008} 0.0010( 0.001
calcium carbonate)

CaCO,-c (heavy 45 - 0.0104 [0.0027| 0.0050 | 0.09
calcium carbonate)

SrC0, (strontium - - 0.0107} 0.001 0.005 ~
carbonate)

Al,0,-a [AlO(OH))] 60 241 0.0027 | <0.001| Fe,0, sio,
(pseudo boehmite 0.0034 1 0.0066
alumina) |

Al,0,-b [Al,0,] - 173 - - - -

(Al,0,~a baked at
550°C for 3 hours)

Al,0,-c (active 10 255 0.067 |<0.001| Fe,0, S10,
alumina) 0.03 0.01
Al,0,-d (active 5 201 0.28 |<0.001] Fe,0, sio,
alumina) 0.01 0.01
Cu0 (cupric oxide) 4-10 - <0.01 | <0.01 | <0.01 <0.05
Sn0, (stannic oxide) 4-10 - <0.01 } <0.01 } <0.01 <0.05
V,0s (vanadium 4-10 - <0.0l1 | <0.01 } <0.01 <0.05
pentoxide)

Cr,0, (chromium 10 - <0.01 | <0.01 <0.01 -
oxide)

Binder I (ultrafine <0.1 - <0.001(<0.001|<0.001 (<0.0012

powder alumina)

Binder II (clay) 50 - Na,0 K,0 Fe,0, Sio,
0.06 0.07 2.13 [ 57.73

In Table 1, with respect to the same raw

materials of the reactive agent, an alphabetic



ff1094$] & ()- 9s:10% $] & ()-10$10$-|[: @10$ S 109 P] & ()-

10%$#& ()- 1S 10%$; & ()- S 10%]& ()- S10%$]& ()- ° 17 APR 2003
109ASAL () - MWUAL0 10%B& ()- 10%B&40) -. 910%B& ()-10]$]10]$]10]$] S
1094 $] & ()- T S 10%$& ()-Wief gs{vV: 10 HI109%84 & ()-6HI10984 & () - 6

910984 & ()- &Y10%4 & ()- 10Q610Q6100%

U&10%B& () -3kQ : 1HI109%84 & () - 6HI10%84 & () - 6%4d10%84 & () - 6HI10%84 & () - 6YHd1
096 & () - 6Hd10°/%& () - 6Hd10°/%& ()- 61 PO: 1410986 & () - 6Hd10°/%& () - 6Hd10984 &
' ()-6Hd10086.& () - 6HI1096 - 6HJ1099% & () - 6HI10984 & (% 6(1 PO

dA HJ10984 & (3')S @H&f@%& %3 6HE X9 &'() 0986 &°F) PP4§FB%@¢%& ()-6Hd1

0984 & 100/%& 6HJ10986 & ( 6HJ10984 10996 & ()-6
tX<JHH((j)10° f@o}%nét@o%m}i% g%j‘egw(j)ﬁ?w %?é‘zl‘b 88& () - 6H((j)10%

ﬁi 0 o (6’%1 %) &t 1%%@%’&%@& Vet 0F oha %M@lo%ﬁd%wﬂlﬁj?’
dA Hdloo/% &Q(fdéFLom%iﬁmléfﬁr%%%/bﬁ& €%S€Hﬁ%9/&}%5()t%kﬁ%m & ()-6Hd
R P et o e P L Y s A B o SR
o 8%_%%%%??98%%8&%‘&5”e?ﬁiggiﬁi () OHI10%66 & () 64 (1P4) .
CHALONEE () - CRULOROLE (Y0NS () SHIR0IRE Sk GUL0MS Sy - oH10000 ¢

()-6HA10986 & ()-6() *+04: 2I'L, HATOWA & () - 6HA10086 & () - 6HA10984 & () - 6HI10986 &

6HI 10984 & URY&1 (N el? OlL 6H 10986
((&)() 6m10%/§}?g‘h??@g%%%%§o}%éﬂarﬁw&9@%% Che’ @f% L gH0088 & () -

dA_HI JKLIMNG Xskid LHIEAQ9R6 & 6)- Gl 10980 danl ) w1 YR dad 6HAR9PE & () - 6JHA10
996 & ()-6Hd10%4 & ()-6HI10986 & () - 6OPQRS[ L, t X< 100/(%& ()-6_J
dA JHA10%06 &LHé ¢ 1 BHEADIRL &'thl- GidlOPA Bs ( shblvwl,” _f @bt éﬁ/@/%@@dlofﬁ/d & ()-6JHd1
0984 & ()-6HI10984 & () -6HA10986 & () - 6JHI10984 & () - 6HA10984 & () - 6HA109%86 & () -
6bcdef ght X<tield- O HIHALEL dn) - B HEE0Yaa816) - BHAANABE R (Jidfikield 0%86x% () - 6JHA109%86
"& ()-6Hd10984 & ()-6HI10984 & () - 6hi nopt dH( X<Hd109%84 & () - 6Hd10%46 & () - 6Hd10%
% & ()-6HIPANEed) - Guidxed in a Henschel mixer and, after
dA_t uvwyz{t X<Hd109%4d109%8% & () - 6H1098% & () - 6HI109%8% & () - 6HI109%8% & () - 6JHd1
0986 & () - 6HHIDIAY Qwa)k-eGHILBBRRED( ) - 6 phupbXeHd 10YRIED Yat&W1)-161d 10906 & ( Hd1
0984 & ()-6HI10984 & () - 6HA10984 & () - 6HA10%86 & () - 6HA10%46 & () - 6dH( t X<Hd 10984
& ()-6Hd109%88 &) atHdweseod i(ed 6aid10%2°€ (o6 3 hours and then
dA_kCBHJ10984 & () - 6HHI1098% & () - 6HA10986 & () - 6HA10986 & () - 6HI10986 & () - 6Hd1
0984 & 19 - 610984 & (BashorO3HHE0mWsRyl)ak rticles produced was
dA Hd109%86 & () - 6Hd10984 & () - 6HI10984 & () - 60S7THHA109%86 & () - 6Hd1098% & () - 6Hd1
0984 & () - 61Eldsas ¥on ehakedesy (§- HEad10088 LRG0 ( AL 080P&XANI6] P7HHI10984
& () HA1098% & () - 6HA1098% & (Hé 6Hd1098% &m 6Hd10%86 & () - 6Hd1098% & () - 6Hd10%8%
"& () -6hH, FARPEIAREY ) o6" Ha2038s &1 ) - B Covdedect ré[d 169988<€)- 6_J
dA gK+Hd109%86 & () - 6Hd10°/¢% ) - 6Hd10%86 &' () - 6Hd1098% & (?mlHdlow)& () - 6Hd10
088 & () - 6HFTEUR &1 ) %‘ffto%ri BARD( )2 S’Ifldir e&%)f%%l%o ES( }PeHI 10986 & ()
- 6HA 10984 & 6Hd10°/% g oo/a% - 6hH, HA10986 & () - 6HA10986 & () - 6Hd10%
% & () - 6HITORAE AE Q)PP /a/a&L ERCEATFoAIEL (") - 6¢ CHhHHA10986 &' (
) - 6Hd10%6 & () - 6Hd109%86 & ()-6_J

dA_HAL0986 & () - 6_?Hd10%6 & ( HpQ9BAc (RxAUBEHY96 & () - 6HI10%96 & () - 6HA10%94 &
) - 6Hd10986 &' () - 6H109%86 & ()- 6

_?Hd109%86 & ( HA10%Hb& ploRldd k0% (Db HEWABE & () 1 B 098M & (hs6HI10%84 & ()
~6Hd10986 & () - 6$cOHA10%96 & (HA10986 & () - 6HA10%86 & () - 6HA10984 & () - 6HA10%6 &

' () - 6HA10%4e& Fo)mldd 1Q284 1&g () af$( ,abPpa i Y0h &vi Hd10% e (5Eh8%006 & () - 6Hd1
0986 & () - 6HA109%86 & () - 6HA10%4 & () - 6HA10986 & () - 6789:
=@ DS CHA 10%84r-&ngkmeind 1 04 &t(h)a'G i ) -HWOWE . (516,
dA @CFI LOP_CHJ10%%6 & () - Hd10%84 & () - 6Hd10984 & () - 6HJ109%846 &' () - 6Hd10°/(%& () -
6HI10984 & (hmehig]10%8@M &ng) - 6RYY] @lenter of axis of a cyclic
dA_HA1098% & () - 6Hd10986 & () - 6HA109%84 & () - 6Hd1098% & () - 6bdi | kI rmpT8J
dA_HADBYAE &L habid1eWREE (i) GHIOMAE: () - K108 () 6HIL 088G & () - 6HI10986
"& ()-6HA10%84 & () - 6nopqr st ut X<J
dA_HA1098% & () - 6HI109%86 & () - 6HA109%84 & () - 6HA10986 & () - 6HA109%86 & () - 6HA10984
& () - 6Hd109%4 & () - 6uvwz{ dH( t X<Hd109%86 & () - 6Hd109%8% & () - 6HI109%86 & () - 6HA10%6
"& ()-6_J
dA pT8HA10HI10%4 & () - 6Hd10%84 & () - 6HA109%84 & () - 6HJ109%846 &' () - 6HA10%6 & () -6
HA10986 & () - 6HA109%84 & () - 6t pT8HA10HA109%846 & () - 6HA1098% & () - 6HI10%86 & () - 6Hd
10906 & () - 6HI10986 & () - 6HI10986 & () - 6HA10986 & () - 6° D( pT8HI10%06 & () - 6HI1098%6
"& ()-6Hd10984 & ()-6Hd10%86 & ()-6_J
dA_t X<Hd10986 &H10986 & () - 6&HI10998 & () - 6HA10984 & () - 6HA10984 & () - 6HA10984
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dA_t T8HJ10%4d10%84 & () - 6HI10%84 & () - 6HI10%84 & () - 6HI10%84 & () - 6JHI10%84 & ()
- 6HJ10%84 & () - 6HJ109%84 & () - 6| P4Hd10Hd10%84 & () - 6HI10%84 & () - amzomggﬂ)} 6H
d1098% & () - 6HA10984 & () - 6HA10986 & () - fHA10986 & () - 6cCHI PHA10986 & () - 6RA1098%
"& ()-6HI10%8 & ()-6_J

dA_(Hd10%84 & () - 6dDHI10%84 & () - 6HI10%84 & () - 6HI10%84 & () - 6HI10%84 & () - 6HI10
084 & () - 6HJ10%84 & () - 6HI10%84 & () -6

#Y%gGHI1098% & () - 6HI10986 & () - 6HI10986 & () - 6HI10986 & () - 6HI10986 & () - 6HI109%8%6

"& ()-6HI10988 & ()-6%),./ J

dA_I(-zleOA%: &:W(l)tﬁa(kéﬁé%g?&: (5 l—%‘lliél%ﬁ/e/q @fa(‘)t-%%lo%)@)q%f X) C6PGPEE) cﬂFU |
o 100 & 1St onen § () SHIOREE () SRS () SHEAGS 8, ) - or1086
gA(—;_IEi ég:/f/? nger?_c@_il%lnoo gf)&ela ( )c_oerst%jr]ios(yglgg&l &%E%E%]lotyg/g 5‘ I (()o_r6 FE&Q %/ 6 §L I) () - 6Hd10%86

dA HA109%6 & () 6Hd10986 & () - 6HA109%4 & (). 6HA10986.&' () - 6
dA_Hd109%86 &a%‘%j- 6HaT088e &5”% 3 1BtE IO &dgaﬂﬁ&%o% &£ %) n@ﬁﬁ}%ﬁ;% % () - 6Hd109%86
" & () - 6Hd109

dA_Hd109%6 &'{%‘%&éig%%’?) _BRa1888s P FEERT 10685 T)- 6110966 &7 () - 6110906

& ()-6Hd109%4.& -():~,6d . -

dHL09BE & ( § CBREOE B 6T FOoB R EP TP o5 R Foodd 8P AR SYS

AHAL0 1088 () PHI 0 50 - GLILOIAR Sy L1020 fe) - 63110866 & () - 61
09846 & ()-6HJ10986 & () -6L, t X<J dHd10%W46 & ()-6_J

dA JHA109%8% &,f)- 6HA109846 & () - 6HA10%86 &' () - 69K/ J

dHd109%84 & () - 6Hd109846 & () - 6HJd10%84 & () - 6Hd10986 & () - 6HA109846 & () - 6Hd10%84 &
()-6Hd10%84 & () - 6FXGdrine compounds to be decomposed were used
dHJ10%4d109%846 & () - 6HJd109846 & () - 6HJ109%846 & () - 6HA10%%6 & () - 6dHd10%846 & () - 6Hd1
0986 & (1)0- 6HIARYALEE: dovkh ik X 10988 & fD)e:6 HIAQUG &iofr) oM 19984185 () - 6_

dA Hd109%46 & () - 6gK/ Hd10986 & () - 6Hd109%84 & () - 6Hd10%84 & () - 66Hd109%84 & () - 6Hd1
0984 & () - 6HILOYRME s GHHOPAE S, ()t 16d X<tHIDLAHE 09068 G nGEid 50986 &' () - 6HA10%
% & ()-6HJ109%46 & () -6dHd10%846 & () - 6Hd10%846 & () - 6HJd109%84 & () - 6hH(t X<HJd109%84 &
"()-6HJ10904 8t £dpd6HEA0BA D ( the Jabove-described reaction tube

dA Hd10%46 & () - 60S7Hd1Hd10%84 & () - 6Hd109846 & () - 6HHA109%86 & () - 6HA10%846 & () -6
HAd109%846 & ()uéHdd08Et &ogenb6HdE0%4 & (Jabt X&HI1HAL0YN &' (b)inteHd HO9846 & () - 6HA10
96 & ()-6Hd109%846 & ()-6Hd10%846 & ()-6Hd10%846 & () -6Hd10%E & () -6

dDEXHA 109846 @5(Yi 6Hdh6%8& &k ( ps6HdI0WBAsE () - 6Hd10%86 &' () -6_J

dA !'"(+l L, HI10986 & () - 6HJd10%4 & () - 6HJd109%84 & () - 6HA10%846 & () -6HA10%86 & () -6
Hd10904 &' () - 6Hd1(0PREW. Pt H1QE SGPACLL, bd10%8Hhi'ed) - 6 KA IPRAEL( ) - 6HA10%46 & () -
6Hd109846 & () - 6HJd109%846 & () - 6HA10%%6 & () - 6HA109%84 & () - 6CDEFHRNhH( | L, Hd109%84 & (

) - 6HA10984 & () -6 WAPY-IN -
dA_HA10986 & () - s g[{%‘]%é(P%lH@I-QId_l%%/Rfof' 20T 18Ra100m6 & () 6riTL0%8 & () - 6HA10%86 &
' () - 6HI10%86 & () -BMRPDUZ &1 )IBHILOBELERagR :° abtoRAHHA 10986 & () - 6HA10984
& ()-6HHA10986 & () - 6HI10996 & () - 6HI10%86 & () - 6HI109%84 & () - 6Hd10984 & () - 6bcd
f ghdH, | PAHA1099%6 & ddceb &HAIQMEE & § - §&EALBURE& () - 6HAL10%96 & () - 6_J

dA _hi j kI mot X<Hd10%d10986 & ()™~ 6HI109%86 & () - 6HI10986 & () - pHA10986 & () - 6JHd1
0996 & () - 6HI10986 & qdEEHI109%84 & () - 6opgr st LOt X<Hd1698% &X() - 6_J

dA JHA1098% & () - 6Hd10984 & () - 6HA10986 & () - 6t uvwxyz{t X<Hd10Hd109%84 & () - 6JHd1
0984 & $) - 6Hd 109BAI& nearb HEIQIBA & () £ 6J4E 108068 () - 6HI10984 & () - 6HI109846 & () -
6{| } ~t X<Hd10Hd1098% & () - 6JHd1098% & () - 6Hd109%8% & () - eg%om & ()-6JHd109%84 &
()-6HI10986 & () - 48" () - BhLOX<HA10986 & () - 6Hd 104 (Y- 6HA 10984 & () - 6H
d10984 & ()-6_J

dA_t X<Hd10HJ 1098 nCerfHdtiws &1 )o5rgdnoga s () - 6HaV09BALE Or- 6JHI10984 & () -

6HA1098% & () - 6Hd1Q984 & ().- 6LOL X 84,8 ()-6_J
dA JHI10986 & () - 1%5/?/0 éa?) %H@?&%&%ﬁ%‘{ 50S7THHA 1058 () - 6HI10%86 & () - 6Hd
10984 & () - 6HI10984 & () - 6HI10986 & %-G.Hdloo/(%' ' () - 6( Hd10944 & %)-6tX7HHd10°/¢%
"& ()-6HI10984 & (H DUBBRET) - BFd 158 &OF) - ?)%M%LS(?-(%PH Boos & () - 6Hd1
0984 & () - 6hL, X7HA10986 & () - 6HA10986 & () - 6HA109%86 & () - 6HI1098% & ()-6_J
dA_cmz(réilo%ff LHRARREER: &9%%%6%@% P @(%1‘63/33%' 5 ?%%ﬁ{lgw&%‘&' () - 6HI10986
"& ()-6HI109%84 & () - 6#G_J

dA HJI10986 & () - 6HI10986 & () - 6HA10986 & () - 6HA10986 & () - 6t X<J

dA _HJ10986 & () - 6HA10986 & () - 6HA10986 & () - 6dHA10984 & () - 6HI109%84 & () - 6Hd10%%
"& () - 6HI109%84 & () - 6t X<J

dA HJ10986 & () - 6HA10986 & () - 6HA10984 & () - 6dHA10984 & () - 6Hd109%84 & () - 6Hd10%8%
"& () - 6HI10984 & () - 6hLOt X<J

dHA10986 & () - 6HA10986 & () - 6HA10986 & () - 6Hd10%86 & ()-6_J dA t X<J

dHA10HA10984 & () - 6HI10986 & () - 6HI10986 & () - 6HA10986 & () - 6JHA10986 & () - 6HI10
098 & ()-6HI10%4 & () - 6LO0t X<J dHI10%84 & ()-6_J
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1098 B& () -. 1098 B& ()-. sMLOY®' 9& ()- vU4 " 910WE8&y& ()- U@ OWE&y& () -
109' 9109' 9109' 9 109®' 9& ()-. n 10% & ()-. 10% & ()-.[?2vU4 4 R 2003
fz10WE&y&' ()-4 #3W z10WE&y&' () -4 [zz}g%/E&y&' ()-4 fz10%E&y&" ( AP
fz10WESy& ()-4 % _?vUd fz10WESy& ()-2 Fz10%WE&y&' ()-4 #3wf z10WE&y& () -4
fz10WESy& ()-4 fz10WE&y&' ()-4 %; <=FG CvU4 fz10WE&y& ()-4

fz10WESy& ()-4 fz10WE&y&' ()-4 #3wW z10WE&y& ()-4 fz10%WE&y&' ()-4

G LST c{ _?vU4 fz10WE&Y& ()-4 fz10WE&y&' ()-4 #3w z10WE&Qy&' () -4
fz10%E&QY& ()-4 Tz10%WE&Y& ()-4 chjlrvz ?2v4 fz10%E&y& ()-4
leOWE&y&"%%@‘&tT‘Q’lOE Eaff&“’(g)fmcpi‘J Zra ()-4 fz10%E-y& () -4
fz10WESy& ()-4 z{| ~dDvU4 fz10WE&y& ()-4 fz10WE&y& ()-4 fz10WE&y& ()-4
f z10%E&Qy& () -4 f]{z‘ﬁo%‘ﬂ? ETFTRLIE43 uﬂaﬁsmﬁ%lg%E@éaE?% wad

fZ10%E&y& ()-4 fz10WE&Y& ()-4 fz10%WERy& ()-4 )#3whM 4 .

o 10088 () VoAU R A o LahRs Sooga A TS 1a% s Bhooybay Bt
fz10%E&y& () -4 fz10WE&Y& ()-4 @6|[c. 4 SFf:. eS& S 10%&. () - & 'S 10%
&'Z()-/g 21 1 /%}%??32-% 6/&7&'(%)09“@1" : ‘{)-(t%ow&qtl)af‘ i&&cpﬁs

R
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10% & () - 4K 4096 £ L3 h #4187 dnesH "L BABEGIKLK K 130% e (budk HI & () - 4K
10% & ()-4K 10% & ()-4K 10% & 1) - 4K 10% & () - 4(K 10% & () - 4ghl qrsV: gk/ K K

10K 10% & (JrreAOM & @l ¥e 108(@;&}&?- 4KolQ% &'Ka - Al 1006 &nbd- 4aktwz gD K K 10K 1K
10% & ()-4K 10% & ()-4K 10% & ()-4K 10% & ()-4K 10% & ()-4K 10% & ()-41D K
M *5@ K 19)%6%16(1‘)814&&@% &'té)nPQKature. In the respective
Tables, the reaction temperature indicates this
temperature maintained during the reaction.
The gas to be treated and the treated gas
were sampled from respective sampling ports shown
15 in Fig. 1 and the composition analyzed. ©O,, N,, CO,
CO, and fluorine compounds were analyzed using a
gas analyzer, and F ion was sampled in a fluorine
absorbing bottle containing a sodium hydroxide
solution and analyzed.
20 The reactive agent compositions (combinations
of materials) and the binders shown in Test
Condition 1 of Tables 2 to 6 <correspond to
respective raw material names of the reactive agent
shown in Table 1. For example, high-purity calcium

25 carbonate 1is shown as CaCO,-a, pseudo boehmite



10% & ()-4K 10% & () -4l POK K 10% & ()-4K 10% & ()- 4K 10% & () - 4K 10%
& ()-4K 10% & ()-4K 10% & ()-4K 10% & () - 4dDOK K 109K 10% & ()-45 %0%

& ()-4K 10% & ()-4K 10% & ()-4K 10% & ()- 4K 10% & ()-4_20K K 1K Ho%s APR)208%
10% & ()-4K 10% & ()-4K 10% & ()- 4K 10% & () - 4K 10% & () - 4qU5?0K K 10%

& ()-4K 10% & ()-4M *5@[ K 10% & ()- 4K 10% & ()-4_?0K KK 10% & () - 4K 10%

& ()-4K 10% & ()-4K 10% & ()-4K 10% & ()-4K 10% & ()-4  1?0K M *5@[ K 10%

& ()-4K 10% & ()-4K 10% & ()-4K 10% & () - 4 | PAK MK 10% & () - 4K 10%
& ()-4K 10% & ()-4K 10% & ()-4K 10% & ()-4K 10% & ()-4K 10% & ()-4 | #
|1 PAK MK 10%MynK 3DoselLy=aK 3t &U%}I&kli}@% ROWASAK PR - 4K 10%

C()-4K 10% & () -4# $ % + ; %& ()-
& ()-4K 10AB%AQe;H¢;% Abindé&'vg.|P4KT¥§ Kr%%é?%ég ‘ggents were

prepared by adding Binder I in a mass ratio of 0.05
or Binder II in a mass ratio of 0.1, assuming that

5 the mass after the alumina and the alkaline earth
metal compound were blended is 1.0. The
decomposition test was performed using the reactive
agents shown in Test Condition 1 of Tables 2 to 6
based on Test Condition 2. The results are shown

10 by the decomposition ratio of fluorine compounds
every hour after the gas to be treated was
introduced and by the concentration (vol%) of CO or
F ion present in the gas treated.

Decomposition ratio =

15 (concentration of fluorine compound in gas to
be treated - concentration of fluorine
compound in treated gas) =+ (concentration of
fluorine compound in gas to be treated) x 100
(%)

20 EXAMPLES 1 TQ 3

Using the reactive agents which varied in the

ratio of alumina and calcium carbonate blended in

the reactive agent as shown in Table 2,
decomposition reactions of CF, were performed. The

25 alumina used was pseudo boehmite alumina

(hereinafter simply referred to as "Al,0,-a") and



K10% & ()-4K 10% & ()-4K 10% & ()-4 M*5@[/ 4 56 7 8 9 : 0S7TK MK 10%
& ()-4K 10% & ()-4K 10% & ()-4K 10% & ()-4 K 10% & ()-4[K 10%&'?)AP‘R<£B§%0
& ()-4. = > @E F 50S7K MM *5@[ &K 10% & ()-4K 10% & ()-4K 10% & ()-4 %
& ()-4F GHI J KL MtX<K MWK 10@6&.?)-4K 10% & ()-4K 10% & () -4K 10%
& ()-4K 10% & ()-4K 10% & ()-4K 10% & ()-4M N O P QR S B&K 10% & ()-4 M
*5@P[K 10% & ()-4K 10% & ()-4K 10% & ()-4K 10% & ()-4S X Z [ \ _ ~ e gK+K
10% & ()-4K 10% & ()-4K 10% & ()-4K 10% & ()-4K 10% & ()-4K 10% & () -4K 10%
& ()-4e f h k|l r. s uhL K 10%& ()-4K
the alkaline earth metal compound used was high-
purity calcium carbonate (hereinafter simply
referred to as "CaCoO,-a"). The reaction
temperature was constantly 650°C and the oxygen
5 concentration was set to 3.5 vols%.
The results obtained are shown in Table 2.
With any blending ratio, a decomposition ratio of
99% or more was attained within 3 hours after the
gas to be treated was introduced. Furthermore, as
10 shown in Table 2, almost no F 1ion or CO was
detected in the treated gas of Example 1.
EXAMPLES 4 TO 6
A reactive agent prepared under the same
conditions as in Example 2 was used for
15 decomposition reactions of CF, by varying the
reaction temperature. The results are shown in
Table 2. At a reaction temperature of 600°C, a
decomposition ratio of 99% or more was attained and
at 700°C, a decomposition ratio of 99.9% or more
20 was attained within 5 hours after the gas to be

treated was introduced.

EXAMPLE 7

A decomposition reaction of CF, was performed
under the same conditions as in Example 6 except

25 that the temperature at the baking of reactive



10% & ()-4K 10% & ()-4K 10% & ()-4K 10% & ()-4K 10% & () - 4K 10% & (
X y z ~BhL, K 10% K 10% & ()-4M *5@[ K 10% & ()-4K 10% & () - 4
7, K 109K 10% & () 4K 10% & () -4K 10%,& () -4K 10% & () -4K 10

&'() 4

&' ()-4K 10% & () 4

()-4u v w

SR 00,

K 109 10% & ()- 4K 10% & ()- 4K 10% & ()-4K 10% & ()- 4K 10%

vZ:?, K 1K 10% & ()-4K 10% & ()-4M *5@[ K 10%

& ()-4K 10% & () -4 2, K 1K 10% & ()-4K 10% & ()-4K 10% & ()- 4K 10%

& ()-4K 10% & () - 4K 10%&'() 4
10% & () - 4K _10% &
agent

10

15

20

435 changed from 550°C to 700°C. The results
obtained are shown in Table 2. The CF, decomposing
ratio was the same and 99% or more, however, the
decomposition ratio was gradually decreased as

compared with Example 6.

EXAMPLES 8 AND 9

Decomposition reactions of CF, were performed
under the same conditions as in Example 2 and
Example 7 except that the alumina in the reactive
agent was changed to pseudo boehmite alumina baked
at 550°C for 3 hours (hereinafter simply referred
to as Al,0,-b). In Example 8, a decomposition
reaction using a reactive agent having added
thereto Binder II was also conducted. The results
are shown in Table 2. The decomposition ratio of
Example 8 was almost the same as in Example 2,
revealing no difference due to variation of the
binder. In Example 9, the test was performed by
setting both the baking temperature and the
reaction temperature at 700°C in the same manner as
in Example 7, then, a high decomposition ratio

could be maintained.

Z>?, K 1K 10% & ()-4M *5@[ K 10% & () - 4K



cC K 1K 10% & ()-4K 10% & ()-4K 10% & ()- 4K 10% & () - 4K 10% & () - 4K 10%

& ()-4

1C, M *5@[ K 10% & ()-4K 10% & ()-4K 10% & () - 4K 10%

*S@[ K 10% & ()-4K 10% & ()-4K 10% & ()-4K 10% & () - 4K 10% &
& ()-4% 13_2, M *5K 10% & ()- 4K 10% & ()- 4K 10% & ()- 4K 10% & () - 4K 10%
& ()-4K 10% & () - 434678: vZ: 2, MK 10% & ) - 4K 10% & () - 4M *5@[ K 10% & () - 4K
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10% & ()-4K 10% & ()-4_?/ K K 10% & ()-4K 10% & ()-4K 10% & () - 4K 10%

& ()-4K 10% & ()-4K 10% & ()-4Q6?/ K K 10% & ()-4M *5@[K 10% § ¥)
& ()-4K 10% & ()-4_2/ K K 1K 10% & () 44K -10% & () - 4K 10% & () - 4K 1

BER A

10% & ()-4K 10% & ()-4_?/K K 1K 10% & ()- 4K 10% & ()- 4K 10% & () - 4K 10%
& ()-4K 10% & ()-4K 10% & ()-4 2/ K K 1K 10% & ()-4K 10% & () - 4K 10%
& ()-4K 10% & ()-4K 10% & ()-4K 10% & ()-4z">?/ K K K 10% & () - 4K 10%
& ()-4K 10% & ()-4K 10% & ()-4M *5@[! #% (_C/ K K K 10% & ()-4K 10% & () - 4K
10% & ()-4K 10% & () - 4K 10% & ().-4K.10% & ()-4(*,./05C/ K M *5@[ K 10%

& ()-4K 10% & () - 4K 10% & (

) - - 9>CdD/ K M *5@ 10% & () - 4K
0.

10% & ()-ak 10% P{YORROLOR R 40 TR P Sk 0% (IS TOn |
& () dabter STETeIC Rk 109 (OAEREI0N e U5 R TN Y] Shi T & () 4K 10%

& ()-4X\]n
& ()- 4K

10

15

20

25

Example 6 except that the calcium carbonate in the
reactive agent was <changed to 1light calcium
carbonate (hereinafter simply referred to as
"CaC0,-b") or heavy calcium carbonate (hereinafter
simply referred to as "CaCO,-c"). The results
obtained are shown in Table 3. It can be seen that
the decomposition ratio of CF, corresponds to the
total amount of impurities in each calcium
carbonate shown in Table 1 and has a tendency to
decrease in the order of CaCO,-a (Examples 2 and 6)
> CaCO,;-b (Examples 10 and 11) > CaCO,-c (Examples
12 and 13).
EXAMPLES 14 TOQ 16

Decomposition reactions of CF, were performed
under the same conditions as in Example 13 except
that the alumina in the reactive agent was changed
to the alumina (Al1,0,-b, Al,0,-c or Al,0,-d) shown 1in
Table 1. The results obtained are shown in Table 3.
It 1is seen that the decomposition ratio of CF,
corresponds to the amount of impurities in each
Al,0, and decreases in the order of Al,0,-a (Example

13) 2 Al,0,-b (Example 14) > Al,0,-c (Example 15) >



10% & () - 4K 10% & () - 4i k| mopul9pT8K MK 10% & ()-4K 10% & () - 4K 10% & () - 4M
*5@[ K 10% & () -4pqrst uvwt X<K MK 10% & () - 4K 10% & () - 4K 10%&'(1)-44éR %,
& ()-4K 10% & ()-4K 10% & ()- 4K 10% & ) - 4wxy{vV: t X<K MK 10% & () { sARR 18¥54
& ()-4K 10% & ()-4M *5@[ K 10% & () - 4pT8K MK 10% & ()-4-K 10% & ()-4' K 10%
& ()-4K 10% & ()-4K 10% & ()-4K 10% & ()- 4K 10% & () - 4vZ: pT8K MK 10%

& ()-4K 10% & ()-4M *5@[ K 10% & ()-4K 10% & () -4l P4K 10% & () - 4K 10%

& ()-4K 10% & ()-4K 10% & () - 4K 10% & () - 4K 10% & () - 4K 10% & () - 4z”>| P4K

1K 10% & () - 4K 10% & ().- 4M * K 10% & ()-4K 10% & ()-4l L, K 10% & () - 4K
10% &' ()-E& %gwosgffz %-E&%émfm’% g'@égzm 10% <(§L')()-4K 10% <(§L')()-4K 10% 0

& ()-4uY=lL,K 10% 10% & () -4K 10%.&\:-AM>5@[ (K 10% & ()-4(K 10%
& ()-4_7?7, K 10% 10% & ()-4K 10% & ()~ 0 & ()-4K 10% & ()-4K 10% & () - 4K

10% & ()-4_7, K 10% 10% & () %N.&. ()= %N & ()~ % & ()-4K 10%
& ()-4§<) 10% & ()-zf*éug%é’ﬁ%ffs%%%ﬁ( -&gi‘%&%ﬁ( )]‘%%/l P&gﬁ%”% A)%"%%f 4K 10%
f’ofyg ;&-4??15 10RK 100e&-6hatkitR% &) 1 AKe A &e(h- kPP & de 44d0% & () - 4K
5 fluorine compound was changed from CF, to C,F,. The
results obtained are shown 1in Table 3. The

decomposition ratio of C,F, reached 80% or more
within 3 hours after the gas to be treated was
introduced.

10 EXAMPLES 18 TQ 20

Decomposition reactions of C,F, were performed
under the same conditions as in Example 2 except
that the reaction temperature and the oxygen
concentration were changed. The results obtained

15 are shown in Table 3. In Example 18, the reaction
temperature and the oxygen concentration were set
to 600°C and 3.5 vol%, respectively, however, the
decomposition ratio of C,F; was on the same level as
in Example 17 and the effect of controlling the

20 generation of CO was not sufficiently high.

In Examples 19 and 20, the decomposition
reaction was performed by changing the reaction
temperature to 650°C and the oxygen gas
concentration to 0 vol% or 20 vols%. In either

25 example, the decomposition ratio of C,F, reached 90%



QBH, K 10% & ()-4M *5@[ K 10% & ()- 4K 10% & ()- 4K 10% & () - 4 $ ?2,K 1K
10% & ()-4K 10% & ()-4K 10% & ()-4K 10% & ()- 4K 10% & ()-4K 10% & ()-4$ & +
- 26 < _?,K 1K 10% & () - 4K 10% & () 54K_10% & () - 4K 10% & () - 4K{1PYARR (dppdK
10% & ()-4< AF KL M@B?, K 10% & ()-4M *5@[ K 10% & () - 4K 10% & ()- 4K T0%
& ()-4MS TV X Z[ \ cGK 10% & ()-4K 10% & ()-4K 10% & () - 4K 10% & () - 4K
10% & ()-4K 10% & ()-4K 10% & ()-4\ ] _ a b ¢ V: cG+K 109K 10% & () - 4M

*5@[K 10% & ()-4K 10% & ()-4K 10% & ()-4c e j pqr st gklK 10%& ()-4 K

10% & ()-4[K 10% & ()-4K
or more within 3 hours after the gas to be treated

was introduced. In Example 19, nearly 3% of CO was
generated, whereas in Example 20, CO was not
detected until 3 hours after the gas to be treated
5 was introduced. From this, it 1is seen that
generation of Cco can be almost completely

controlled by allowing oxygen gas to be present.



o X
o= X
1% o
OO < °
<ttt ~o X
= -8
—~~
W?M(O&mﬁ
T g S 280 00 | T900rol | froo:
= c o o =35 6¢ . 100 0>1](t00"
3 o/%l.n_w& ¢ret £°16 . 0>11(100°0>]
SO ~Recul bL6 ' 66 0°0z
= AAX—Opsy Lvorz) | lot-el | (ve- . 089
N KK4| 1_h £ el Z2°68 Lzl (ee-z) 0°¢ gt Lte) S¢ I 0L°0/0€°0 c
Aot ol bLe €786 0 0 5 0o%0/v-fotty
T R SL (09°0) | (z5-0) SS 0z
TICgSUe | e 0T [ o 05 o
%< N <— o3 Z°18 6" 1°0] 0L°0/0€°0 | e-t
—~ — JfxgT &) c* N [s}e)- 2o WA -TIoU
<. < xg71°0] | (880" 98 s°¢ ‘ o'ty 6
I I AN 0'0l | lozorol | ( . I
v)/o&oo4& ’ ¢St 828 omN.o.S (tzoo7] ° ¢ 99 009 st 0L70/0E70 | o=t
wu\OO%l N © _ - - [4:] 8768 c ¢ 0cc - odeo/e-folty 81
s893x T - bLe T 089 18°0/6
MMMK%&l "t 87L6 L' 66 5 1o | wrfoowd/esfotty |y
\II_ v T N "66< . . .
R SO = voes 6766 Yy oe 4o §°¢€ se 0.°0/0€°0 | o-00%o/p-T0t
OIOPR: o 6'66< 00L 0SS I . /p=totty 91
- 4:(\0&1K ) 6°66 6°6 oL70/0€70 o-f0own/0-f0t
o oF . %Km 6< 6°66< 6" 66< YRTYITE /o-t0tTyY =
coe®8va - | se 0_| °=*oo¥a/q-"o'Tv
o O%). AN \ L b6 8°86 . 0°¢ YIo 00L I . LA
— 03 —f X < ! 666 6" St oLro0/0¢€°0 o=t
o K - N T 66< . OUGU\ﬂlﬂon
K/OKl_A.u 6 v6 ' S°¢ 06¢ v £1
S JVBR- 9766 | 6'66< . 059 . .
= 4O/O| ‘ 6°66< 6 66< - 0L70/0€°0 UI.,.OUQU\G.IHON
—_ o~ - 00 S 26 ; $°€ ¥ 1
<X o o3 0°66 . . 00
m&A. O 1%4 I S 66 6 66< 6 o't 'ID L ot I 0L 0/0E"0 q-¢
¥ X B T66< ; ~-fooen /e-tgt
SSPEE SN | A
O ~—~O 01 L I oL .
mm&wWK)- 15,5 IH b 1 0/0€70 | a-‘oded/e-‘oity
o S S X —BRy oot IH ¢ R (3704) (Tw) ot
=g M 4 @&,% 9] ! (s70a) uori® g usby (sTeTIa30w
TS 50/0m_* punoduo -I3usouoyn AT3Ov9Yy 30 oT3ex (sTeTaazvu
ONIO®H = WL (y70a) [ ] sutIOn ° usbAx0 ucuo ssew) orjey|?C UOTIBUTQUWOD)
h 4((M A T3IPI3UIDUOD 0D u CO.ﬂ. T4 30 noury mvc.:ucmdm uoT3Ts0dWon
S I I Kcﬂ.mdwr_auozﬂu (%) mcmmm { ) ut uor3zeajusouo FABIIUSIUOD (2,) Isputd
© O T Om\e)u IpLnoduo) BuTI Y 133je sv9 pajeas 9 Pu®e puty s ° (20)
ST~ onTJd JO oT3PY UOT I ut inge aznae
mu OO N o, — 3T sodwoosg -xoduay | -x8d (sTetrxazvu atdwexg
B > o3 o3 s3Tns uoT3o®a oL 30 ot3ex bHury
¥ ¥y °o® ¥ 383l ¥ | Butxes GOTIeUTqUOD) 3USBY SArey
<O <t 0/ 0/ 7 UoT3ITIpU Y @aT3ovay
' m_o . puod 3say
OK )w — T COHHH‘@COU 31sag
p—
—<—w . 2¥ T ITavy
o3 &M NN
o —~©
e e cloe
— o OIS x oI




CCOK 1K 10% & ()-4K 10% & ()-4K 10% & ()-4K 10% & ()-4K 10% & () - 4K 10%
& ()-4 QBCOK 10% & ()-41M *5@[ K 10% & ()-4K 10% & () - 4K 10¥e/a'APR 2003

gK+K 10% & ()-4K 10% & ()-4K 10% & ()-4K 10% & ()-4K 10% & () - 4K 10%

& ()-4K 10% & ()-4 | LOK 10%& Y -4K 10% & ()-4K 10% & () - 4K 10%

& ()-4K 10% & ()-4K 10% & ()-4K 10% & () - 4 1 LOK 1M *5@[ K 10% & () - 4K
10% & ()-4K 10% & ()-4K 10% & ()-4 dDOK 1MK 10% & ()-4K 10% & () - 4K 10%

& ()-4K 10% & ()-4K 10% & ()-4K 10% & ()-4 _DOK 1MK 10% & K 10% & () - 4K 10%

& ()-4K 10% & ()-4K 10% & () - %.& G- 4.4 "{F/vV6DOK K 10% & ()-4K 10%
& ()-4K 10% & ()-4K 10% & () - 70K K 10% & () -4K
Decomposition reactions of C,F, were performed
under the same conditions as in Example 20 except
that the reactive agent used was obtained by adding
5 a metal oxide (Example 21: V,0,, Example 22: S5no,,
Example 23: Cu00+Sn0O,, Example 24: Cr,0,) to a

reactive agent having a mass ratio of Al,0,~a/CaCoO;-

a = 0.3/0.7 and the oxygen concentration was
changed from 20 wvol% to 3.5 vols%. The results
10 obtained are shown in Table 4. The decomposition

ratio of C,F; was almost the same as the results in

Examples 18 to 20, but CO was scarcely detected

even with an oxygen gas concentration of 3.5 vol$%

was present. From this, it is seen that by adding

15 a metal oxide to the reactive agent, CO can be

almost completely oxidized even under a low oxygen
partial pressure.

EXAMPLES 25 AND 26

Decomposition reactions of a mixed gas of CF,

20 and C,F, were performed under the same conditions as

in Example 2 except that two units of reaction

tubes were connected (reactive agent 35 x 2 = 70

ml) and the reaction temperature was changed to

550°C or 650°C. The results obtained are shown in

25 Table 4. In Example 25 where the reaction



10% & ()-4K 10% & ()- 4K 10% & ()-4K 10% & ()-4K 10% & () - 4INOPTUUU9?0K K
10% & () - 4K 10% & () - 4K 10% & () - 4M *5@[ K 10% & () - 4UWK[ ] *_CcCOK K KPRATID%
& ()-41K 10% & ()-4K 10% & ()-4K 10%& () - 4K 10% & () - 4K 10%

& ()-4_acdegqUsQOK 10% & ()-4K 10% & ()-4M *5@[ K 10% & () - 4K 10%

& ()-4ghij kI Mt X<K 10% & ()-4K 10% & ()-4K 10% & ()-4K 10% & () - 4K 10%

& ()-4K 10% & ()-4K 10% & () -4nopqrt zA>t X<K 10% & ()-4K 10% & ()-4 M *5@][ K
10% & () - 4K 10% & () - 4t uvwxyz{t X<K 10% & ()-4' K 10% & ()- 4K 10% & () - 4K 10%
& ()-4K 10% & ()-4K 10% & ()-4K 10% & ():4{|}~z >t X<K 10% & ()-4K 10%

& ()-4 M*5 P%)ffdb%rﬁ (V28K 51?)‘558(31' (%gﬁt >E’<Gi<§<g B U K ageR &PF) - 4K 10%

AR el e i

g ()-jﬁ igf:a%‘igs- A& 1§?§t§ E%Z-F4Kaf612£ I*E 3@%%0@?%%%9&7%3?%%%?@ I()-4KO 10%

& (K 10% O TR a () -k TORES - A0 100 e 1) - ane PeacedBi & -0
5 temperature was 650°C, a high decomposition ratio

could be maintained for both CF, and C,F,.

Decomposition reactions of CF, were performed

under the same conditions as in Example 2 except

10 that CO was present together or HF and SiF, were
present together. The results obtained are shown

in Table 4. In Example 27 where CO was present
together, CO was not detected in the treated gas,

and in Example 28 where HF and SiF, were present

15 together, F ion was not detected in the treated gas.

EXAMPLES 29 TO 39

Decomposition reactions were performed under
the same conditions as in Example 2 by varying the
kind and the concentration of the fluorine compound

20 and the reaction temperature. The results are
shown 1in Table 5. Despite different reaction
temperatures, a high decomposition ratio was
attained for any fluorine compound. The structures

of fluorine compounds used in Examples 31 to 39 are

25 shown below.



10% & () - 4vZ>hLOK 109K 10% & ()-4K 10% & ()-4K 10% & () - 4K 10% & () -41M
*5@[ t X<K 10K 10% & ()-4-K 10% & ()-4-K 10% & ()-4' K 10% & () - 4K $OXpR 2003
& ()-4K 10% & ()-4K 10% & () - 4vZ>t X<K510K 10% & ()-4K 10% & () - 4 1&%2 0
& ()-4K 10% & ()-4 M*5@[ tX<K 10K 10% & ()-4-K 10% & ()-4-K 10% & ()-4' K
10% & ()-4K 10% & ()-4K 10% & ()-4K 10% & ()-4 z"B&K 10% & ()-4 K 10%

& ()-4 K 10% & ()-4 K 10% & ()-4 K 10% & ()-4 M *5@[t X<K 10% & ()-4 K 10%
g (K)lgff&&'sl);(% %8(05)2'()6“ 10% & ()-4K 10% & ()-4K 10% & () - 4K 10%

() - A% 1V X< 0 &K_10% & ()-48K 10% & ()-4-K 10% & () - 4K, .10% &. () - 4M
*E@[' () *+, - . t X<KEXBOPER B3% & £F 7K 10% &Q)-%@“Tgﬂ%%%g- %”]fg% 38-4' K

%0{3 %&L&%%/ipz/‘i 108830 4 HEAE G LY B troon e 100 F T 4k 1006
C()-4-K 10% & ()-4' K 10% & () - 4K 10% & () - % & ()« 0
& () - 4@CGHIVZ: Ukatalfr s, &CF)‘}&#%% &'42( S (/33512() }%JQS&TQF(Z) 4 M

F,C—CF, FC=CF
Example 37 [ Example 38 / \
C
Fy
Example 39 SFs
EXAMPLE 40

A decomposition reaction of CF, was performed
under the same conditions as in Example 2 except
that CaCO, in the reactive agent was changed to

5 SrCO,. The results obtained are shown in Table 5.
Although the decomposition ratio slightly decreases
in the case of SrCo0,, the reactive agent can be

used as a reactive agent for decomposing fluorine

compounds.

10 COMPARATIVE EXAMPLES 1 AND 2

The tests were performed in the same manner
as in the Examples with respect to the preparation
of the reactive agent, the reaction example and the
like.

15 Decomposition reactions of CF, were performed
under the test conditions shown in Table 6 using a

reactive agent comprising only alumina. As a



*5@[ JKLMBYAhI L, K K 10% & ()- 4K 10% & () - 4K 10% & () - 4K 10% & () - 4K 10%

& ()-4K 10% & ()-4K 10% & () - 4hi kmopvV: I L, K K 1K 10% & () - 4KK 10%6 £ PR 4103
10% & ()-4K 10% & ()-4 M*5@P[prstuy§}§|<+|< 10% & ()-4K 10% & ()-4K 1

& ()-4K 10% & ()-4 K 10% & ()-4[K 1096& ()-4K 10% & () - 4uU9kK+K 1K 10%

& ()-4KK 10% & ()-4K 10% & ()-4 M *5@[K 10% & () - 4t X<K 1K 10% & () - 4K 10%

& ()-4K 10% & ()-44K 10% & ()-4K 10% & () - 4K 10% & () - 4K 10% & () - 42Z: t X<K

1K 10% & ()-4K 10% & ()-4K 10% & ()-4 M*S@PK 10% & ()-4gK/ K 10% & () - 49K
10% & () - 4K_10% gi() aK 10%.8:() - 4K 10% & %) < 10% g K 0% ' () - 41 POK
10% & () - 4K 5D O 1896825 A8 9159 &2 & ()-4K 10%

& ()-4vVel POK 10% 10% 6 () 14K 10% & () - 4M *5 109 & () - 4cCOK K

10% & ()-4%‘36?‘&3?}%@?6’ S( ) 4@%0%5%??‘? io&/“g%’g%? T0% & () - 4kK+K

10%&'() 4K 10% & ()-4 2 )i AK ()-4K 10% & ()- 4K 10%
& () - AUYOKK+K 1K 10% & % & ()-4K 10% & ()-4

KG'K 10% & () - 4K l%ga/?:élgg %@ents were prepared under the same

5 conditions as in Example 2 except that MnO, or Fe,O,

was used in place of CaCO; in the reactive agent
and the decomposition reaction of CF, was performed
at 700°C. The results obtained are shown in Table
6. In either example, the decomposition ratio was

10 low from the beginning.



10% & ()-4K 10% & ()-4K 10% & ()-4K 10% & ()-4K 10% & ()-4 USkQ K 10%
& ()-4M *5@[ K 10% & () - 4K 10% & ()-4K 10% & () -4 12345670S7K 10% & (&ééé
10% & ()-4K 10% & ()-4K 10% & ()- 4K 10% & () - 4K 10% & () - 4K 10% &4(J - 003
=A>0S7K K 10% & ()-4M *5@[ K 10% & () - 4K 10% & () - 4K 10% & () - 4=CDEFGHI 0S7K
10% & ()-4K 10% & ()-4[K 10% & ()-4K 10% & () - 4K 10% & ()-4(K 10% & () - 4(K

10% & () - 41 IKLMX>0S7K K 10% & ()-4M_*5@] K 10% & ()-4K 10% & ().-4K 10%
& () - 4ORTUWKYKCBK| 10%.&' () - 4% 10% & 10% & (]) - 4K 10% & {)|- 4K 10%
& ()-4K 10% & () 4K A9% & () - 4YZ[\]7'B 87 % 5@ K 14% & (L.-2K 10%
& ()-4K 10% & () 4K<10% &| () - 4" abédef 837K 0% & €)=47 K | #0906 &3(J -|4K 10%
& ()-4K 10% & () 4(K 0% & ().- 4(K|10%% ¢ K 1% & () -l4f ghi j ki B&7K 10%
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CHF, and 400 sccm of argon gas. A part of the gas
discharged from this dry etching step was
introduced using a nitrogen carrier gas 1into an
apparatus shown 1in Fig. 1 filled with the same
reactive agent as in Example 23. A gas at the
outlet of the decomposition apparatus was sampled 3
hours after the initiation of the decomposition
test and analyzed by gas chromatography. As a
result, the concentrations of CF, and CHF, both were
10 vol ppm or less and the CO concentration was
also 10 wvol ppm or less. The fluorine ion
concentration was analyzed by water extraction ion
chromatography and then found to be 1 vol ppm or
less.

As described herein, when the reactive agent
of the present invention is used, fluorine
compounds can be efficiently decomposed at a
relatively low temperature by a simple formulation
and the fluorine generated upon decomposition can
be fixed as a harmless substance. In other words,

the present invention can be implemented using a
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carbon monox1

also be controlled. Moreover, the decomposition
product becomes a stable alkaline earth metal
fluoride such as CaF,, therefore, the after-
treatment is easy. Also, the effect on the
reduction in costs for the reactive agent is by far
higher. In particular, the present invention can
greatly contribute to the decomposition of used
fluorine compounds generated in the manufacturing
process of semiconductor devices.

While the invention has been described in
detail and with reference to specific embodiments
thereof, it will be apparent to one skilled in the
art that various changes and modifications can be
made therein without departing from the spirit and

scope thereof.
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reactive agent for decomposing uori compounds,

comprising alumina and an alkaline earth metal compound,
wherein said alkaline earth metal compound is carbonate of
magnesium, calcium, strontium or barium and the alumina and
the alkaline earth metal compound are present in said reactive

agent at a mass ratio of from 1:9 to 1:1.

2. The reactive agent for decomposing fluorine compounds

as claimed in claim 1, wherein said alumina has a specific

surface area of 50 m?/g or more.

3. The reactive agent for decomposing fluorine compounds

as claimed in claim 1 or 2, wherein said alumina is pseudo

boehmite alumina.

4. The reactive agent for decomposing fluorine compounds
as claimed in claim 1 or 2, wherein said alumina is obtained

by baking pseudo boehmite alumina at a baking temperature of

from 400 to 1,000°C.

5. The reactive agent for decomposing fluorine compounds

as claimed as claim 1 or 2,
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6. The reactive agent for decomposing

fluorine compounds as claimed in claim 1 or 2,

which additionally contains at least one oxide of a
metal selected from the group consisting of copper,

5 tin, nickel, cobalt, chromium, molybdenum, tungsten

and vanadium.

7. The reactive agent for decomposing

fluorine compounds as claimed in claim 8, wherein

the conteut of said metal oxide, in terms of a
ratio to the total mass of said alumina and

5 alkaline earth metal compound, is from 1:99 to 5:95.

8.. The reactive agent for decomposing
fluorine compounds as claimed in claim 1 or 2, which

has an alkali metal content of 0.1 mass% or less.
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temperature of from 400 to 700°C.

10. The reactive agent for decomposing

fluorine compounds as claimed in claim 11, which is

a granular product having a particle size of from

0.5 to 10 mm.

11. The reactive agent for decomposing
fluorine compounds as claimed in claim 1 or 2, which

has a water content of 1 mass% or less.

12. The reactive agent for decomposing

fluorine compounds as claimed in claim 1 or 2,

wherein said fluorine compound is at least one

fluorine compound selected from the group
5 consisting of a perfluorocarbon, a
hydrofluorocarbon, a chlorofluorocarbon, a
hydrochlorofluorocarbon, a perfluoroether, a

hydrofluoroether, a fluoroolefin, sulfur fluoride,

SiF, and COF,.

13.  The reactive agent for decomposing

fluorine compounds as claimed in claim 14, wherein
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