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; HHJKe3e\ F 68T~ DESCRI PTION 1 ~ 0 C T 2002 CLEANI NG AGENT FOR

HAL OCGEN- m‘“ “ UST GAS AND CLEANI NG PROCESS THEREFCR 5 Techn%ﬁgk1
Field The ntion relates to cleaning agents for treati ng1 &@Z
gases cont ai nisngodrar nf ul hal ogen- based gases and processes fox cleaning the
exhaust gases, and nore particul arl pypdorebepyNng agents for treating

hal ogen 10 contai ni ng exhaust gases discharged fromdry etching process of
sem conductor fabrication for selectively renmoving thin filmon wafer in
predeterm ned patterns, and cl eaning processes for the exhaust gases. In

particul ar) theIHANENG AGENTIHORIEAACGSENCCONTAINANGBXADLUET @A dry
cl eani ng processes. 15 Known cl eani ng processes for hal ogen-contai ni ng
exhaust gases have been ganE ALNANIAEs PREAESSt DHUREBOR dry processes.
The typi cal wet process using an aqueous al kali solution as an absorbi ng
solutiof is an excellent 20 nethod due to its large treating capacity and

w de applicagbility. ver, the wet cleaning process has drawbacks such as
| ow cl eani r@ﬁfé}m%lgm i nconpl ete cl eani ng of hal ogen-cont ai ni ng exhaust
gases, need for tjnmeconsym ng naint.enance .of cl eani appar at us, ,cl anger of
cont ani nat i on ofﬂﬁ? 84 1B¥gbté(&likl ]talt%saﬁﬁ ﬂﬁa{?\ﬂ{ge?gefn&gﬁ‘?la§§8ﬁt?igr?d‘h§blﬁﬂti on

i nto sem coplustBhARif ARRLAELI RRABRHALNSa o8l fnd FObcd:0ES forl FOTARR hE e
wet processes are not used for cledning exRtaust gases fromdry etching

process. Thena{ftGasbseartd e parﬁéum»n@%u@@m ab 6248 At Yr&ftalp REloBERCESS
have been prefornmed by a dry cleaning process utilrzing physical adsorption

or a dry cleanangngrexhesst gaseshdicth hgleddeombbyerdclyiagasrossss 6§ xed by

chem cal reactions. 30 In sem conductor fabrication industries, dry etching
t echni ques $eawigonductor fabricatiociar sectivepnemosing thinsdire oniwaley ir enovi ng
parts of silicon dioxide thin fil olysilicon,thin filns, tungsten thin
films or al RFRAGHEATRMIT RAtteRDS; ﬁnﬁlﬁéeéﬁasrﬂrﬁ%%fsa%fqréhwse t 82T ndlgases

ms Lo oo ienaa. BRERE CL kR NG B B RO E PR HRE 98 1 1) i
films and pregeas: pRRetdeRn products readily
15

Backeground Art
Known cleaning processes for halogen-containing exhaust gases have

been generally classified into wet and dry processes. The typical wet process
using an aqueous alkali solution as an absorbing solution is an excellent

20 method due to its large treating capacity and wide applicability. However,
the wet cleaning process has drawbacks such as low cleaning efficiency,
incomplete cleaning of halogen-containing exhaust gases, need for time-
consuming maintenance of cleaning apparatus, danger of contamination of
products by back streaming water from absorbing solution into semiconductor

25 fabrication apparatus, etc. For these reasons, the wet processes are not used
for cleaning exhaust gases from dry etching process, Therefore, the cleaning
of exhaust gases from dry etching process have been preformed by a dry
cleaning process utilizing physical adsorption or a dry cleaning process in
which halogen-based gases are fixed by chemical reactions.

30 In semiconductor fabrication industries, dry etching techniques have

R
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volatilizable fromthin filnms. To neet these requirenents) hal ogen-based
gases have been wi dely used as the etching gases, so that exhaust ga §g
fromdry etching process inevitably contain various kinds of hal og ﬁf L&
gases accordi ng to kinds of hal ogen-based etchi ng gases used, kinds of thin
film to 19bg elalved seRducichichthvoR dakiOsilidhearkreinkmadg eat ment of
exhaust gases requires dry cleaning agents and dry cleaning techni ques
accordi ng He]iNesn aigh RhePaihisencthih fling dudhriaked einbfbed igases
cont ai ned i n exhaust gases. The hal ogen- based gases contai ned i n exhaust
gases frompaegetiralingd pptreass dhe eghing gbbyfnl dgsitthed ard appropriately
fluori ne-based gases and chl ori ne-based gases. 15 The fluori ne-based gases
i ncl ude fl geldchel dasending doheatrires of tlenasedtgbe echiedc hudearehleqnined tgas.
Differences in chemical properties and reactivity between fluorine gas and
chl ori ne gasvarahighpoeacaivity withdsigfilmg andpridewairaactaee predwustd raagily

cl eani ng processes. In dry, etching_processes, in general, hal ogen- based
gas is fedvielatalizalie feeradbin Hlmei ngo daeeti thgse a%nawnﬁﬁésptlwgagen@awh after

the etching. As,a result,..an exhaus s.cont ai ni ng .t he hal ogen- based gas
b an i nerrseRbagh En HENRETE B ORRRRER GRS e St e B O
repeat edl y 4.pt - ‘ i ] Tl

[ epeatedl gD SIS 0R61y2a0l At SRABGENRY I LAEL A0 does
utilizing physiGab t84SRAPET Nalo¥eRlbadbd k¥@igH ¢a36908:d, NAA 8 RERhHSEENns RUCh a
cl eani ng agent can be produced at a | ow cost) and can renove a relatively
| ar ge ddoumle exthéd ward atehgasconditifhs)orTherefmepthmtiegineat of ekhausngddes

anmount of use. However, fluorine gas contained in exhaust gases, in sone
cases) explregiurebdrysbeandngiagantecand dredleaaing bechmiqies ageor Amrgethkingsbeen

30 reported ny expl osi,pn_accidents due ta expl osive reaction. -2 1~-- 0
C T 2002 TEREVRFWPOLHES 4 H%}%Vbir"@iﬁéi%‘{ena %qeglagﬂﬁea C%@%Peahﬁ@ﬁgﬁélsk%%sed
mai nly of hydroxi;de to utilize.its chem cal reagtivity wth

fuor) ne haulbhBloeBtaiede esets oGl H At RS 00 BD e g s esos,
ases. For : " | catd I Mo a9 6

'? eaches a gggl%leé‘g%??\%gg%%ﬁ@?o@%@%%@?%%géa\%me? %%H??%ﬁ%g‘%esaar%ign 'y of
stront i5m Il Hxbiee-bdvedpasenindmddfidoeixiedershbasédhe hivringbagedtasey

aci di c gases can be produced_at |ow cost  and can renpve a_relatively |arge
amount of fhdaderdlorise gag. vRYifeneaces toehemicnd mpensiiiegarubreadtivity smal |

amount of uyse. In_addition, unljke.activated carbo he cl eani ng, agent can
Da ont oy Teteth i ensant ph iRty £ Ao ey e ain AoRERtte FrarlangE no
dry cl eani sl eﬂEs Lha%&%g%%ﬁﬂggjr&&ge§xhaust gases) in the dry cleaning of

chl ori ne-conrtaining e Ses, a cl eaning agent utilizing physical
adsorptivity of JachipvatRihLpFoReses Sinugakdal M hEREEn Hael ighlk 19Fe@xploasi ve
reaction, thereby enabling production of tile cleaning agent at |ow 15
cost. 20 gehandler dutihyatddngamidan inbengasiesded afier the atclnig gageld a tasult,

hal ogencont ai ni ng exhaust gases, shows a relatively large cleaning |

capabi | i t y anrexhraustaastcoptaining thrbaloepnrhaserl s euaams inguiass. consedieeg 2 t he
cl eani ng cgﬁ abLIitﬁF&% activat ed %grpqn i% i sa vantageOUﬁlg decreased in
treating 26HEEM CRRARCHE A5 FREThEREA oaY 1B Eh R RiCAT AYShEFD G bSsed gas
and a gas %&gg tlgsas) cont ai ni ng no hal ogen-based gas as experienced in the
treat nent of “exhaust gases from etching process of sem conduct or

production. Thi §7itReRBCAVARy bREANHH %ﬁﬁoﬁﬁé.%an&aﬁﬁ%ﬂ%ai%ﬂgxas@Q,S@rbed on
the activated carbon is gradually desorbed by |long-termflow ng of a gas

cont ai 2§ ng clknriakegent b@ﬂﬁﬂn%@hggﬁal d@s@piivi tyasfeactiviase Dt QK R1F)h Al depus

st udi es have been nmade to enhance the cleani'ng capability of activated
carbon by adhkdr eSuich addanimng/agamdusndrepiahicedgdnatlowt asacand ahrdensvieen and
fixing adsorbed hal ogen-based gas to activated carbon by chemni cal reaction
bet ween t hé'eka’cérﬁlzéar@g@npgnéngﬂumnacx@@rmldﬂmnn@ge@m@ayad grees WiklzBeby
preventing the, desorption of dsorbe& 30 halogen-basgd gas. For exanpl e,
Japanese pémsaﬁ.} a%mtdgtqs&n WEVE ehUREIe g3s Contained 1n exnaust gases, 1

some cases, explosively reacts with activated carbon. In fact, there have been

30 reported many explosion accidents due to explosive reaction.
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1 ~0CT 2002 58-122025 proposes a nethod to adherently add al kali netal
hal i des to activated carbon, and Japanese Patent Application Laid- q?%rbmmz
d- 21023G proposes a nmethod to adherently add al kali netal al um nate"or
tetraal kyl ammoni um al um nate to activated carbon. However, any of these 5

methods fail toT@xRidhi kheabbvé BesINEMseh lchbining Alg2At WHAEK RiSorkh 6 NY agent s
using no activated carbon and capabl e of fixing hal ogen-based gas by

chenm cal raaahlpbf hanerbesareeviel toredizeod clexaimll @eactapanesth Rabeink has
Application Laid-Open No. 9-234337 proposes a cleaning agent prepared by
adher ent | ybaehdliengplsped tin dor-cletairtgofl aomire-abn tdndey ¢h aostpeses mBonl y of
copper oxi de and nmanganese oxi de. The proposed cl eaning agent is very
excel | ent skamplétdapemeseditent Applicatitrallegd@ ) irsbd. 99846 tbachewequires
hi gh production cost and is_relatively lowin cleaning capability as
conmpar €l t eleading agent EurasdALoEASes ‘léh@hﬁﬁﬁ@“’é@éﬂgﬂam phafronugl eani ng
of stronti nd 15 tri-iron . tetroxide

agent co sed i nl um hydr oxi d

(g apanesrerp gé(ﬁ'@?f&ﬁpp*b@ﬁ?%“&@i }ay%gﬁleﬁbqse%_cgg%@@g)agsem\ﬁgr AFLGH 883%8ni ng
capability _in.treating,exhaust cont ai ni_ng,hal nbased gas i-n high
content | LR Ve HOHaR ARACY Sho CRRE Bpt REPBYE A D AR IR B Rl ahe " ©
cleaning c i1l 1.Sqkater i b
adhor ent| y P Sqarief o AT viHEhisludrid Ao Mg BEs G RO & S o eRPhes
copper oxi U adlideli SRNeNRS acaxh el dalBpandsecl Pahient aginlcaadld SfelyahsedOpen No.
J-234337). In addition, the cleaning agent | oses water by evaporation

duri ngl® hewatiequtrasulisknd dxplakee egmstionf t he cl eaning capability due to

drying. Disclosure of the_lInvention 25 Accordingly, it is an object of the
present inventi &9nt¥RLyeipdibeplny dpening sl tiperescontaiging exhaangt ggses, in the

hal ogen- cont ai iaglg ex?aﬁft_.xgases . Whi chhi S Er oducedlat | ow coat LaWhi ch has
a high cle ﬁBe PaGE AR 8 PX APk BESSRs &F RANIRE 38 PR & ARG ng of
fluorine-c i ni ' .]‘foqft : resent

i nvention ?QKV%F%%?Q%&ﬁ@#@éﬁ?ﬁ%@a&%ﬁ{mm’ﬁﬁo‘?@?3‘3’“ rom (:Y_efslgl‘rgﬁ ion 30 of
adsor bed hak E@W&@%@ﬁoﬁ?ﬂ?@reﬁz%abﬂﬁg P&-B&u@ﬂi@@@f e d@ghing SganePasio to _4_
1 ~FOCT 2002 the flow of a hal ogen-free gas for a long period of tine

after the céstani ng treatnment, and a cl eani ng nmethod using the cleaning

agent. As a result of extensive researches for, solving the above_problens,
the present invEéREsRerHanetivatadearhan, waen yeadmsstelegpasagand far padogenr | v

d5f .hal - ini h . b . ' th
hal ogen- coRPATOHY Eomme e W ard R EE g b 88 Baner ent 1
addi ng al kaléatﬂﬁh%'offc%ﬂflh%ué Sriift &l idg ¢8364.N m‘h@{’elf, %Q%Ie%éﬁﬂ :
c tly a m%alkall

activated carbon, or a cleaninng agent prepared by adheren

metal hydr expalsiliapdf actighteal ¢ndonds disadwhataduodisbxde@ehsedidireneimgt 0 al kal |
metal formate and/or alkaline 10 earth nmetal formate to activated carbon.
It has2beealtarsativedlow ofan eshensigrsconthmisg hydegan-basdsegasy aad easont ai n

fluorine gas or chlorine trifluoride, the cleaning treatnment is safely
per f or med B iCHataanm%aﬁMO%@ebﬁs %%Wﬁrl%@m&iaﬁ&ée%qmm al
hydr oxi de op_the %pstre m_of .t-he cl eanin ag}ent. |t _has ge%\n f urt,her. found
that hal ogBhSBARSTY EPER 4 YREIFHEE HTPETRSIS SEPFOMPRHOLRIUBI P SaltifRl y
captured b | i aani : X :sodi um
ormt o t ol R e g i P Y o SHE B A b0

oxi de on t fa@lﬁmgsaé&ﬂme@fb T gcieeanl feink0eMNd gad benRigisgMo halvgehilizelias
been accorr%l i shed based onythegce: findi ngs. Thgs, in a f:g?ist alsb%gct of the
preseritd i ngeat i Do elinhierate ithisommblaedvai@ds stuehed hgvabeert nfale to enhance

hal ogen- cont ai ni ng exhaust gases, which conprises activated carbon

adher ent | ytheideaning hapahidity ofectivatedroriben Ay dreranilniaddagenariaupet al

o TPt oSS BB S5 el
T
i S SN T
g L T IS s

and the al kali netal hydroxide and/or alkaline earth -5
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1 0 C 12002 netal hydroxide being 3 to 18% by wei ght (dry basis) based on
the weight of the cleaning agent. In a third aspect of the present 14-0CT 2002
invention, there is provided a process fox' cleaning hal ogen-cont ai ni'ng
exhaust gases, which conprises contacting an 5 exhaust gas contai ni ng

hal ogen- bas&%dIQ%Z@El'MEQQ%QHWPWMhéMeEHyﬁa&d QEAHINEh cRGIERALI G | Sing
activated carbon adherently added with al kal'i netal fornmate and/or al kaline

earth netalyckiomed earldh, anfdoluidheas fegtnPApblicapoeIend-OpueN., Qr10236re is
provi ded a process for cleaning hal ogen-containi ng exhaust gases, which

conpri ses gabasds athethodQoexdhrusitlgaddeihubimetad dhamogere-dased gas as

noxi ous conponent with a cleani ng agent conprising activated carbon

adher ent | y tatichedk ylianhmah kahi almetiabtetodaadxiaded andb ar. atlkadeves agr ofthest al
hydroxide in addition to_alkali netal formate and/or al kaline earth netal
format e 13nedmdsNadeoraxhilidrsayistartom effemds| nventi on The cl eani ng agent and

the cl eaning process of the present invention is mainly applied ta.th
treatment of hallgenVedatarlsRn & ARRIS(HAs 88 AFORed ERING FROERRabIPO!

sem conduct.or._ proquction. The_ ¢l eani ng .agent. cording fo the .present
hvent o foIpBOtEtByced g Bk RSt o R HEVE el d¥slhe 3% na) o
al kal i ne eay, t Frgaib i i In ) goNd and/ or
al kal i ne egerX %%lﬁnﬁgt g%m%ﬁgé r oxigt&éﬂ {}gjﬂal%h%@g'?ﬂé%l?acg#glgg O'ﬁggjé%:@gg@éjggggr bon
usabl e in teainh@sHtintipP¥EREd Py hihBfintBARH A @diNm Reiite {8 d @stdl QRIlAs

it has high adsorptivity and particle sizes suitable for use as cleaning
agent s10 Theoagidsedtredird gl eop pauatily ahdsmangpeesd oxaidsur Theprapesed?5 of 700
to 2,500 n2/g, preferably 1,000 to 2,500 n2/g, and a particle size_of

passi ng t hrcdegingagentads rewhex¢edleas simedighresonmplstaly i halagen-basedigasashons

i nclude coal activated garbqgn, .charcoal . acti,vated .carbon, coconut ,hshell
activat ed CAHFSHUIERS b RrPEREHEN Costab i CLAREFIY 198 el AR nER AR LIty as

Exanpl es oo, Rl heREth dlvsebd ARIE. bk SSig g, sodi um for mate

Further, a cleaning agent composed mainly of strontium hydroxide and
15 tri-iron tetroxide (Japanese Patent Application Laid-Open No. 7-308538)
shows high cleaning capability in treating exhaust gases containing halogen-
based gas in high content. However, when the content of halogen-based gas
is low, the cleaning capability is inferior to that of the cleaning agent prepared
by adherently adding sodium formate to a metal oxide composed mainly of
20 copper oxide and manganese oxide (Japanese Patent Application Laid-Open
No. 9-234337). In addition, the cleaning agent loses water by evaporation

during the use, resulting in decrease of the cleaning capability due to drying.

losu i
25 Accordingly, it 1s an object of the present invention to develop a cleaning
agents for dry-cleaning halogen-containing exhaust gases, which is produced
at low cost, which has a high cleaning capability and which is safely used even
in the cleaning of fluorine-containing exhaust gases. Itis another object of
the present invention to provide a cleaning agent which is free from desorption

30  of adsorbed halogen-based gases even when the cleaning agent is exposed to
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30 and potassium formate. Exanples of preferred al kaline earth netal
formates -G 1 ~ 0 CT 2002 include calciumformate) magnesi um formate,
barium formate and strontium formate. These fornmates nmay be used al bﬁeﬂﬂdr?ﬂﬂ?
in conbination of two or nore. Sodium formate and potassiumformate are
especi al | ytlps € 68 heldtent et ek Fol Q%I@@ﬁéri@@@fﬁ@&é’aﬁ%ﬁklﬁ@bﬂe'aiﬁﬂg 5 The
al kali nmetal formate and/or alkaline earth netal fornmate may be adhered to
t he acti vatedtosripanty doynimet hetsodasingnteadedhiagfapemat es are uniformy
adhered on the activated carbon. For exanple, there may be used a nmethod of
i npregnat i ng actisvatethltaf bomrnaiven capamdee dussdving thenalofvetfhebkinkalthe net al
formate and/or al kaline earth netal forpate and _then drying the 10

i mpr egnat e@reganitviaveataatisos fosrd dhabbplngentbasgrlisaces aye eficienflizermoved

St varba A BAlOMTLC RIS O8 GHGAE B3PS heCo RAHREDE NS E R NREr |
| kal i h tal f th tivat b i t 0 18%,.

o e BB TELRL pEAL IR S LI PRILVALAT CRRORR S e I et
The cleani gg, n%n(?/fortaﬂ?alﬂ{ e&ith xb@?’a‘i%hﬁgteoﬁ)tédtpﬁ#e xa@bddherogrg{lgam I 'ng
the al kali neta ornmate and/ or alkal1ne earth neta ornateé to e

activat ed agéﬁpﬁréﬁa&qw‘ Q(ﬁﬁ@x@hﬂyrﬁﬂﬁﬁ?%lkﬂi bt RGO 40 And/RUkadhe

hal ogenbased gas when exposed to the flow of a hal ogen-free gas after the

cl eani ng 20attteatetrhhydfoxtiidd npedditivn @i akadi extEd dfsimgts asd/ oadinalide
conventional activated carbons or the conventional cleaning agents prepared
by adh¥} enehythanditabfovarateds achigatedatarkgont &t kes besn alsoddundrthehewee used

BRI R R T R
e 0 BB o g S OB RO B e OB it

desor pti on.anpueEd of rrﬂﬁhpgﬁrd‘eQ@%ﬁ@tﬂ@ﬁrdﬁ&ﬁﬂe%%e%?@ﬂn%@ltBE'%lefahﬁY‘é of a

hal ogen-free gas) and therefore) considerably iInproved I n cleaning

capabi | i t yagsntonfidiethden fulich @ofvverl than dlal égsn-vadeelde £k Rlessrirddreheani ng
agents adhered with chem cal agents. 30 In the cleaning agent of the
presentd i naeiviatad cahonzayeiseanraly cap bovedrngydisposingla elegnimgragyd proparad t her

adhered with kal i .nmetal. hydroxi de and/or alkaline earth tal. dr oxi de
oGt ol A REn ] i ALbdiie SERRG B e oLy ae CABPRSPT FHBDLYE

formate. W u it r C i nt is
formate: b sHe Rt anale AUNET S COIRANEIE e Sl PRCAGEN!
further i n%@gﬁle@gnﬁimtfﬁ k2APBE hEdbn@sli SR drothdseHH difigggent s
adherently added with only formates. Exanples of the al kali netal

hydr oxi des and dhksl, ime femt tbp extedlthbhypotesxitdasen tioh uders ddprowifedinoxi de,
pot assi um hydroxi de) |ithium hydroxide) cal ci um hydroxide, barium
hydr 0xdQe, cleandng iagan hiadrwalosen-somtainieexhan st @aprga olkich€ompaiseshy dr oxi des

b d al i nmbi nat i f t . O th h i des,

o um hy dREAY BB b AFbEB: TG Rl e i €Al THRiah oA Gede e Ry e
f their | Qw.50st _ it ahid i i

netal for nebuOHe BPR Y, S AhaRd binbuntBE OB BeotRLE, saukE!

(al kali nmehBlalyeleaxhde ceadbHhadd keing® 1d 2888} WelBtaldrp¥dsieX beedd & €he

agherently added to activated carbon, the quantitative proportion of these
conpounds weiglet operd ¢cleahary ygergstri ct ed) and the equivalent ratio of the
formate to the hydroxide is usually 1 : 0.1 - 3.0, preferably 1 : 0.5 -
2.0, fre prefelad second aapest of themreTemt viveationgthayeris proddpd iasileaning
activated carbon adherently added with both the formate and t he (io

hydr oxi de A8§LHEOY, @@E@%ﬂ%@ﬁlél%ﬁﬂw%fgﬁs%r‘ggWhtquQ:P%%ﬂSi%Félt"@@e 6248 wi t h

e ARSI LR T PR Fal 20,
Sirring anatPRuRe bR 30 ARRHE Rt Kbk AR SRER R R RO |
formate, a total adhered amount of the alkali metal formate and/or alkaline

30 earth metal formate and the alkali metal hydroxide and/or alkaline earth
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25 the cleaning agent may be produced by first adherently addi ng one of the
formate and the hydroxide to the activated carbon and then adherentiy gr1 202
addi ng the other. The total adhered amount of the alkali nmetal formate
and/or all{alive earth nmetal formate and the al kali metal hydroxi de and/or
al kal i ne eatdth] B9 dretidb by Bxbd8% by Ivdigh i &lyhyasiei lgtsie)l opr €feewaiphy of t o
15% by wei ght based on g _ 1 ~0CT 200Z dried cleaning agent. In the
present i nteatleaming lagehfl ogen- cont ai ni ng exhaust gases are usually cl eaned
by passing the hal ogen-contai ni ng exhaust gases through a cylindrical

cl eani ng col umm Ipackeud aspérctaf cheanesantdgeantiomhthesk éaniceng dsd tar cesnfori s
usual ly carried oyt at ordinary tenperatures w thout necessity of

addi ti onal Cl@atnsdadesedoAntaingrxhegst 8asesa i uah 6P mPRSeR LOBHLIIERd gas

in the haust es to be treated i ally 5%b ol une aqr | pwer.
Al't hough t REDEBRE 824 SO A BEIEBESIHASET Ban AR G oRmIR COMRPaN Wthdust gas i s

not Shect LEALlNa TS LSk NEF BT SILLESME0AN USRI M
ont sec o Lesia) blud STy by SHRAHJ £hidh héDRTEELOCT Ly (L) The cl eani ng

pressure is not parti rly restricte ut the cleaning treatment is
usual 'y carri edIguf fountlehspddiRg Bhe Hiresdte ageh Hon AHe@b 1§ beakitled alfiecesghaust
gas with the cleaning agent of the present 15 invention, the exhaust gas
may be fur fhwecleaniighilegenicohtainhos exh awst geset, whedAntomgpagentorctapahkenof
fixing the hal ogen-based gas by chem cal reaction. Wth this

post - t Feat gsheypst ges condainiagdraege-Rased gas wa s xeviftoatneNsretbm ed from
bei ng contam nated wi th desorbed hal ogen-pased, gas. ,As ,th t -t reat nent
o eai g aGIARING AgPRhARETaUHn 85T Bedart bR adbSeoi 65 AT LS A, ent 1y
addi ng sodi s | 1:0XI | Ik g t

2001 19 SOt AR 8k by EARLISK s, AR R HRAGAL  dARARGD . BN |
conposed Mg &ty f&im SRPRET 0P X1 IAR ANERIRNAENE Sy ANtde, and may be a m xture
further containing another netal oxide such as silver oxide, alum num

oxi de, silicon oxide) potassium oxide and sodi um oxi de. The total 25 anpunt
of copper oxide (11) and manganese oxide (1V) in the mxture is usually 60%
by wei &ht desinMede oad ampingowhthe brventon manganese oxide (1V) to copper
oxide (Il) is ugyally 1 : 0.2 - 5 Q. Such. a mxture,is comrercially .

et Tabl e as " hodEAIt Einie ARt b ia Taning DI oSk thn HaPRal BeRtpRis |y 1
to GO part [ 0 el ._of ides.. 30 The
post-treat ?rne%%lﬂ%bggh%??;ﬁg& 5#%815%%1%&%&%@@&9% ee‘ex_t“?&g? é%sglg&_ng_ 14
0 CT 2002 em_Hi_hgtﬂ”i@gé&sif-stehﬁ@éﬂ&%oﬁ*Jﬁ?éﬁidﬂﬁmage]!‘lie Aeaflrh él?éryc debRnattyr e
and a superficial linear' velocity of 5 cmsec or |less antler atnospheric
pressure, thepeesmtiingemaohos pusdumpdtieadheznitlygaddjegtalkblitthetad faseate
invention 5 10 alone and the cleaning nethod using both the_cleaning agent

of t he2br egas{oy shrahne serinmatabigyarate; prd vptienally edkah gnelgé khy dapdde
especial ly effective for cleani he.exhaust gases containing at |east one
main gas s&P&4e & 161’%3‘?)?18@%39@? F%@C%Y%t‘?l G54e%, argon, helium and
hydr ogen, and atpy_e - | I .

nydr ogen, end aviceaaly 08 Al GORRINRSRGh9ASsa8l HS} Efoh 1O} D AL0UR
chloride, hygrpgen aQ'l@x’ﬂ% de it hyd hg@? RdsQitHRy RRA PR il ity hii€ableTsPOse
trichloride, silicon tetrafluoride, silicontetrachloride, titanium

t etrachl or iede)ealingiagemt<hl D¢ detivgednearbomusetilsafiasca specifiodutfang aten

hexafl uoride. Before treating the hal ogen-cont ai ni ng exhaust gases with the
cl eani®y 16f20026 2,500 m*g, preferably 1,000 to 2,500 m?%g, and a particle size of

passing through 32 to 4 mesh sieves. Examples of suitable activated carbons
include coal activated carbon, charcoal activated carbon, coconut shell
activated carbon, etc. Preferred is coconut shell activated carbon.

Examples of preferred alkali metal formates include sodium formate

30 and potassium formate. Examples of preferred alkaline earth metal formates
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30 agent of the present invention, the exhaust gases may be contacted with
a pretreatnent cleaning agent to renove in advance fluorine or chl OL%”@‘ET 2002
trifluoride which tends to violently react with activated carbon. The
pre-treatnent may be usually carried out by contacting the exhaust gases
with the prixduaéatakbimcloemnitagmagesdiual foartiteal yritianfremattenadistrantium
superficial linear velocity of 5 cnisec or |ess under atnospheric pressure.
As the pre-foresdteentTioisedonmgtesgeny hbeaseledmagr ayennbootposelttvof oamuoet.al
hydroxi de and/or a netal oxide is preferably used. For exanple, suitable as
the pre-trelodsnn formate agd agéassing farmate dreyespaceatby b referngdrituectontaihi ng
strontium hydroxi de as a main conponent together with an organic binder and
a hydroxi deloyf castkand paseareihabibital ot her than strontium (Japanese Pat ent

popl 1 cati on Lal o Ren, M. SRS SXATPLES.OL Lhe, or gapie bl ader s vl ude
e e
calotum TSGR IRANERLS YNGR, Tt STPHP e prOR LT |

wei ght of aghyeilIdSofSin Prighd BinByAbt 46 cdRnadUtn afuédie tYetiex oflehof
al kaline earth nmetal other than strontiumis usually 0.05 to 1 nole per

mol e of st r alitdlimétgbfoxiate.anyanplkesinefeantharetpl fornratatamenth enl eamgthe
agents usable in the present_invention include a cleaning agent conposed of
zi nc 5 16xi denpa¢gmatedracsiviated aaxboan onpivaethodofppuindk inmentseonstsehition

Application Laid-Open No. 5-237324),.a cleaning agent co ed nmminly, of
strontium h9}ﬁ‘?b§?t§€at§4§aﬂ'P%‘h @;afed%)n(r%aﬁ%gepg‘trxﬁig %ﬂ%@#@ﬁ%@ dpen
No. 73085383a 'b%lrﬁd t he cl eani ng agent prepared by adherently addi ng sodi um
formate to HELAl oxide conposed mai nly of copper oxide and manganese oxi de,

10 which is al soTygaHIRr88 dhGuROT the BRANBUt 2t FRMU RGADANALAS ndaseEh bed
above (Japanese Patent Application Laid-Open No. 9-234337). Activated

carbon i s unsital heatesomtleoagorest cafbdmhis Ptel8¥e praferdblelsetani 599 bygent . By
conbi ni ng the cleanin ag}tlant of the present invention with the pre
treat né® cheaglhhbasaseen the weighteefihoglesningipggnt. gases is efficiently 15

porTored eten VgD A0S SRS ARRES, SOBL a0, P sy Ml gmany pesed,
cl eani ng aggpp; tﬁé‘&]l&ﬁ?ﬁl%ﬂ%l fohaRd bﬂfl/o aﬁfflﬂgx% Ba{'@lelg@{ﬁﬁ)frﬁ?fer%nﬁleand
post-treat nen eanli ng agents, a conplete Ccleaning O exhaus gases 1S

achi eved evgetivhai 418 oaXHabedideAERS reQ@Ide in 1 ddRoriiosl anunia¥ badsrddased
gases. The use of the pre-treatnment cleaning agent enabl es the sinultaneous

renmoval of based gaswhendexppead thithe flde) oftr baiogendnek gaslafier the dddiinon to
hi ghly oxi dative gases such as fluorine and chlorine trjfluoride. Even when

the pr &0 r eemEmend|of palogenagainps exhanst sasesni ghenshorinveptiopad| eani ng
25 hal ogen-based gases other, than fluorine or_chlorjne triffuoride the pre
Creatmont cRALRRISG SHBADS PF tht FPTvantBial reting agrbtiiegard BY PADSLeRAY
chlorine trj aﬂpgz' } ] i odd ] y
fixed ther e_%ﬁ ar ??%Bpggggﬁ%ﬁﬁg%?%eé%{%@g?%@gﬁ%ﬁ%&?@?@e&%ﬁ% i ne or
chlorine trtxfe|alﬂﬂfeln<ﬂ%fwyl@é’eﬂ-§orﬁ%ﬁuﬁFtexh_@h@t £85Hs6 Hs0¥beh Hall@redllgadeidegd et
cl eaning agent. 30 Therefore, the cleaning capabl lity of the pre-treatnent
cl eani ng ageasily desexbkd upon exposure to the flow of a halogen-free gas after the
25 cleaning treatment. On the contrary, the cleaning agent according to the

present invention is reduced in the desorption amount of halogen-based gas

even when exposed to the flow of a halogen-free gas, and therefore,

considerably improved in cleaning capability as compared to the conventional

activated carbons and cleaning agents adhered with chemical agents.

30 In the cleaning agent of the present invention, the activated carbon may

-7.



1 g- 0 C 12002 fluorine or chlorine triluoride is maintained until the
pre-treatnment cleaning agent is saturated with fluorine atons. ThusM.[][;] 200
fluorine or chlorine trifluoride is prevented fromentering into the

cl eaning agent of the present invention until the pre-treatnent cleanl ng

agent i s sapYLARG adhelbE uﬁlbl?%ﬂksﬂgnfé%f‘ﬁgdﬁgm é‘ﬁ@)o! AIRARNGe %Q@th%%@eﬂ' ng
agent of the present invention, the pre-treatnent cleaning agent and

opti onal | y hi/deopdstintadeiatiorné tké adnilneheagefiimSe egpeni Aldalineseith nddx]

cl eani ng hal ogen-cont ai ni ng exhaust gases containing at | east one mai n gas
sel ected ffamate dVohpswhnsi atlilitgpredl adihler@getompergort, thetieamsndgaytdisogen)
and at | east one hal ogen-based gas 10 selected fromthe group consisting of
fluorine, Ehitberneducad iruthe detm)ptibh emanst drivioges;-basetd gas, thedelggen

fl uoxi de, hydrogen chloride, hydrogen brom de, hydrogen iodide, boron
trifluoti déllltlb& @ﬁcxteuasm @ﬁa@l@g anplRioBtY asetoap aiesk ioddearing agamts

tetrachl orlgg ‘ anl m.t et.rac ri de, alum num chloride, germani um

t etraf | uor f48°€ é%@é‘ﬁt}héﬁ WBtES. 15 The opti mum quantitative

Gl cani ng. agent %@W&S&?E@%gﬁ@w&ﬁﬁr‘&&f 5and AT SRR be
casi 1y det e e basada0nolha ke dpéthggyuyr? hosgelanlaHaLAATEs ¢ o

be treated) "purging tine e c eani ng agents may e pac

separat e cehlits hedRatdd, ok hydiyxide, St2ohfaheHy @eday ahdanakhefiual in a
single colum. When activated carbon adher ently added with no chem cal
agent 10 caydeatidenalhps& hgdroxddes matyesk esedaloneantiarentiy atidded twiotdy

chem cal agents are used in place of the cleaning agent of the present

i nvent i on, Ma¥e- ar%ﬁﬁbteseﬁlﬂda@@é@ﬁ sediwm %eyd@e@&h@@sﬂmbﬁhpxﬂd@@ecar bon
becones | ar hat, t he, anp the p treat cI eani ng agent
for axing Fg@écd@ﬂéﬁ 1h%ﬂHb¥9‘?“b ’c?l’gip%gosﬁfné#‘:éarﬁyc%‘f PY ‘ons nust be

I ncreased. Thi s WEdGEs) LIS ORE %t%l(gllﬁi]fﬁm% 9&%@?' hg%i aﬁﬂghhg &ses ”‘e
runni ng cost. The present Inven descr I'n"nore a| I
reference hpettamolfn@éw%ﬂgah%mbme (HOVEY Blckal ﬁy&f&w&l&aﬂwo@%e@lﬁ@at the
follow ng 30 exanples are illustrative and not intended to limt the

i nventlfdon ehettetretal APdroxidd)-ar@ aohEr@dly aldedd astitatad EEboPtlepar ati on of

cleaning agent) In the follow ng preparatiqgn) 500 g of activated car bon
pr oduced byiumwééavmwemtw se@ompevads yhael pariculpelyaeqtmeteds and

format e or a7 CARIRCRGRAH Rotis friete 0 B brabRIe i reraindd Choad of a
m xture of g?efe?éﬂﬁlt? 815 2% 6ahi L | X"‘i k@l7i5ne ar ﬁerﬁﬁeﬁ{mg%ﬁm

hydr oxi de metal ok al kaline earth neta |nacemc

equi val ent combpirisingacti a6l satiohmdh@denmtly @ﬁdmtvﬁth botle tH)faed 4 teatirbtlcar bons
were inpregnated wth the resultant solution. Then) the inpregnated
activaded bydbondewezrbdpireducdd bpa metholGfimpregh atingtaativated baxblorani ng
agent. (Measurenent of cleaning capability) Each cl ean| ng agent thus

pr epar ed m@gﬂpa@kwewﬁﬁéoalt&ysgq@@lqggd&qel peRRbsane dhahy iewidadndhei nner

di t 39. 4 ked | h of, 100 t her eb h
cl cani ng cOPORh TN A GyEFL s AL b (2080 R BRI ERaIPSAHER D gas was

cont | nuoUSkY,iaseed HRERUeRE LiEnkhifaeh 096 #&g@olahoa%ac@w%g&%fﬁ ne! @

| i near velocity eric pressure

conti nuous uhld@wmgn@fg diitetleas dry@npahk sgimmecefa&ﬂlu@ﬂau @aBoh ! OML%E‘nQH%I(?ft of
t he col um was sanpled and i ntroduced 1nto a gas-cletecting tube

(manufZict utiee clwantagtgentCmay bd produzed by fgms adbeeaitdy addiRgomeofiflact ured by
Bionics Kiki Co., Ltd.) to detect a break-through point (point at which the
concent r at fomate dxd thehybewede jasheacieated capbey andttbearmsiherently adding
hal ogen- based aas adsorbed by the cleaning agent was cal cul ated 25 fromthe
anount of theo Hlogen- based gas passed through the colum until reaching

gas vas 4l 72&23%@ éésacu{?eﬁxtg&%ﬁ?ﬁ&h@“t%ﬁmﬁﬁ@ﬁéﬁ% “{n‘x’.é‘t%f‘a&p '“Mixiegggﬁ“
3 hours. BoRPBtRaChmAr gy EnelaRaSr BYREHEy AT G ERRkRE S

30 metal hydroxide is 3 to 18% by weight, preferably 5 to 15% by weight based on

-8 -



30 gas in effluent nitrogen gas fromthe outlet was neasured to detern ne
the -13 1~ 0 C T 2002 armount of desorbed hal ogen-based gas. The cl &4{iTrg0
capability of the cleaning agent was defined as the val ue obtai ned by
subtracting the nmeasured anmount of desorbed hal ogen-based gas fromthe
neasured amg4idd fleaadsorpegt. hal ogen- based gas, The adsorbed anmpunt) the
desor bed anount and the cl eaning capability were represented by the

vol ume of hal ogernbdsestesgasimpentiont die Baldgaa-ohesining cdggnit fdskk agé eani ng
agent). The volunes of gases in the follow ng Exanpl es and Conparative
Exanpl es ar aistihdlyeclain &b By pradeim gathedsbyga-copragsingrexh atibe ghessuflirsugh a
cleaning tests on chlorine-containing test exhaust gases 10 are shown in
Tabl e 1, Theyhosluicad clsfanihe apiumgn pesited withbarctmaning epent i ddvoeleannigng t est
exhaust gases are shown in Table 3 and the results of cleanjing tests on
test exhausttrepiseentisspamllvearyleddmtatnr b ayvtieamerat e sgehoparegsghs ok

h i n Tahl In the fol.l ow Tabl "adh " t
et ght 15 3K BaRELhEABRE 4T CPPLRE ConpoRHER e tist ObihealORER prst CBRREL and
al kal i ne earih tal,f j i cl i
agentl) or atI\R/Sieg aﬁsgggén é)g]?ée g]fae%g&]t%ﬂééi 0 f’?‘givog{ﬁgl%sgcléﬁglto%@{ﬁg%%ls

based, on. ¢ Nengelabiciatn hihRdn Ghe Aot adesh: #heihaLkBhs B didr oxi de

or alkaline earth neta second component) was adherently added
i n addi ti on sheciffralllyifestrid@ ddprpaseiitvariniaaldive ubsaipé esnderitPat2én the
procedures of Exanples 1-2G were repeated using the sane activated carbons
as usedlDn Ekarpllegert-baced gapridypavatalteane ng vagelly § shsenor lesFablter@s offhe
cl eani ng capabil ity of each_cleaning agent was nmeasured in 25 the same
manner as i FUpLshpiebdingay gelopky &é@m @ge@ieazméamwgewesﬁ gopparticularly

hl ori ne- taj ni haust h {.n_Tabl , dth | t
of ol cani ng PeetaRd,b G FR AL BERRBERhI Y it Eaaiias ar o shown

in Table 4. ] | Jshe.d esults of cleaning tests of activated carbon
adherently aaégle%ﬁ\;h\netﬁﬁ%nlg chemni cal agent 30 agai nst test exhaust gases

cont ai ni ng di f f ergefhér halagdenthasttugages witle tisdéwaninglagent of the pResenkt 2002
The results of cleaning tests of activated carbon adherently added with

t et raneflfiyl anveniiom thelexdxiukd gaganag be tfeghee xhatastedy ws8sa pont-ticatmgnt
di fferent hal ogen- based gase e .sho in Table 7. Table 1 Adhered,
Conponents éteaiggmasstAaea %ﬁ?@ggit g hadegsmdiansdaas jcgfreaction.

anmount _conp t gonponentrati o . 991 None- 52H None~ 103HCOONaNone-
154HWMWH%MM%%@M%§:Ci&%lwgﬁﬂqflgff HCOONaCa( O
H) Z1: 1109HCORKNeCHY: 4501 Pé/ 25N WilR RsdRlhatof&RBhSed gds. 1
Exanpl esAdsor bed anount Desorbed anount C eani ng
capabi | i ty(LIL)*(Ad the poéthiredRh 8T ARGTINYBRPert 84 3lcbdZd § AQ62E Eeb &AM D 208289
109281018102G~- 818 -15 .
20 prepared by adherently adding sodium formate to a metal oxide as described
in Japanese Patent Application Laid-Open No. 9-234337 is preferably used.
The metal oxide is composed mainly of copper oxide and manganese oxide, and
may be a mixture further containing another metal oxide such as silver oxide,
aluminum oxide, silicon oxide, potassium oxide and sodium oxide. The total
25 amount of copper oxide (II) and manganese oxide (IV) in the mixture is usually
60% by weight or more, and the weight ratio of manganese oxide (IV) to copper
oxide (II) is usually 1:0.2 - 5.0. Such a mixture is commercially available as
"hopcalite". The adhered amount of sodium formate is usually 1 to 60 parts
by weight based on 100 parts by weight of metal oxides.

30 The post-treatment is usually performed by contacting the exhaust gas

.9 .



1 ~ 0 C 12002 Note: *liter/liter of cleaning agent. Table 2 Adhered

Conmponents of C eani ng Agents 0c
Conpar at i veFi r st SecondEdui val ent Acl | | er edExanpl esconponent conponent 1g't | JJHQZ

unt
2 Dencoona R g PR ERE A B R R RLr D A T gk R BB o 05N OFon
capabi |1 1yExane 2a AT ERERy 2F P 53000 abmosy ot P15 B 07615

Note: *liter per T'Hetc?éarﬂhg%‘é‘ﬂmd"&lsiﬁg%me cleanl@Plagent 6F LD RA LPTDRARRNS Of
Cl eani ng Agent sExanpl esFi rst Second Equi val ent Adher edconponent conponent

rlat ioog”_?_ugtogzdﬁe fhd thd clHeXPaNahed i AN BaniHYl SHip@UTahie peesdift - 16

14 HCOONaNa Otiv ébt S Divh e Taett skt thbaiticToahaiNg Sbin tl 4 el & &) eerNByKeR e tid0fbd HCOONa
Ca( OH) 21: 11019HCOOKNaOHL: 11020( HC00) ZCaNaOHL: 110 Table 3 (Contd.) R a t,n'
To n-r'h ri Elcamphesiidsphbest ammsron Desirdeadleanbone nChisagassplected from the
capabi | ity(LIL)*(L/L)*(L/L)*112071312207131319G13142051515214171G1931G17205
151821813198194p 200950 NRGE @itroppr cdrgonr Neliwn wid Byduegang 458t leas) ene

4Adh d Co t . ) }
of O oani ngARAIRESTRRSRd 873 SSLPCeddRom dRe §7ouR SoR AaHB RS EllgHin & LX8MIBRent conp

onent ratio t : - : ¥ . T :

Cut . 9 BNone oIS 2By REERANE S g a5 By FHB e Ry G5 Re- 1012n
aOHNonetd0 igddide, horontrll ot @8 Zooken Hhseklug: d¥aGit chnledr bt drtdE NI aOH 111 20
Table 4 (Contd.) Results of O'eaning Tests (hal ogen-based gas: boron

t ri chl ori dei&eaphloatdey eddsnriadt:aahlom I atuhaou mnahlotiCe pgaimngnium
capabi l i tyExanpl es(L/L)*(L/L) ~~(L/L)*820128951
tetrafluoride and tungsten hexatluoride.
Before treating the halogen-containing exhaust gases with the cleaning
agent of the present invention, the exhaust gases may be contacted with a pre-

15 treatment cleaning agent to remove in advance fluorine or chlorine trifluoride
which tends to violently react with activated carbon. The pre-treatment may
be usually carried out by contacting the exhaust gases with the pre-treatment
cleaning agent at ordinary temperature in a superficial linear velocity of 5
cm/sec or less under atmospheric pressure.

20 As the pre-treatment cleaning agent, a cleaning agent composed of a
metal hydroxide and/or a metal oxide is preferably used. For example,
suitable as the pre-treatment cleaning agent is an acid gas-removing agent
containing strontium hydroxide as a main component together with an organic
binder and a hydroxide of alkaline earth metal other than strontium

25 (Japanese Patent Application Laid-Open No. 9-992:16). Examples of the
organic binders include polyvinyl alcohol, polyethylene glycol, polypropylene
glycol, methyl cellulose and carboxymethyl cellulose., Examples of the
hydroxides of alkaline earth metal other than strontium include magnesium

hydroxide, calcium hydroxide and barium hydroxide. The amount of the

30 organic binder is usually 0.1 to 40 parts by weight based on 100 parts by

-10 -



10158 7111G7 9121G7 9131810 81451 4 Note. *liter per liter of cleaning
agent. Table 5 Adhered Conponents of C eaning Agents

Exanpl esFi r st SecondEqui val ent Adher edconponent conponent r at i oanount 14 0CT 2002
(W . % 21HCOONaNaOHL: 11022HCOONaNaOHL: 11023HCOONaNaOHL: 11024HCOONaNaOHL: 1102
5 HCOONaNa Ofb; JHOHGHTN NG : L 6xide( hing
Tests Exaggjl%eésﬂlgal ogen- bggg};bﬂﬁg‘g?g%ghggggr gg‘é‘ﬁe‘éar)legﬁsﬁgﬂ %gespgﬁogﬁ%?@?fﬂ/ L) *
anount  (L/ b)Ralbepabithirhytd lothdrthadlstibhtif lsludialB20BEZ032mbl@per dholof 23 3
20 - 18 1~-OCT 2002 24 SiF,, 23 4 19 25 Br2 2~J 8 21 26 HBr 49 10 39 Note
"liter perstroheiumhydkeadengExgentles t8biler 6 radhestmde Goripamernt sgeafts G eani ngs
ent sConpar ati veFi rst Second Equi val ent Adher edExanpl esconponent conponent
rati o anounsalfhetinoghesnesemoime en tion GNoheiioneleaningy ApereiNonep csed g MomeNone -

- 19NoneNone -. - 20NoneNone - - Table G (Contd.)_ Resu ts, Cl eaning Tests
Conpar & i ve¥diee gEHOBHYE HXddo AP E degdabicparratith @@ﬁﬁ@g@é@a%mhcatmn
(L/L)*anou

(L/L)*15 H&%&%F@ggggﬂiﬁliiﬁE%é*}:@zczlé%ﬁii‘@s%gﬂ,mf@mf%r‘&%bs9%@)@8?%5@37 Not e

omar b, vhEiEfidR apiERT b APEBhaas: BARH AR SLAAPBRENG £ o o
- 93 o dfns hiuml ~ 0 C T

D005 23" [ APBFIER P e M EADAB ek pion ddd iy MIBRARE acdkllpy ptum 2 ™ Do

None - 10 24oni4teHoIhetdWoRklld\esi8posetiOmbadillyenf £op fonbtdle Resiintag sahesd 6@de Ny

fests 10  which is also usable as the post-treatment cleaning agent as described above
(Japanese Patent Application Laid-Open No. 9-234337). Activated carbon is
unsuitable as a component of the pre-treatment cleaning agent.

By combining the cleaning agent of the present invention with the pre-
treatment cleaning agent, the cleaning of exhaust gases is efficiently

15  performed even when the exhaust gases contain an oxidative halogen-based
gas in addition to an acidic halogen-based gas.

Further, by combining the cleaning agent of the present invention with
both the pre-treatment and post-treatment cleaning agents, a complete
cleaning of exhaust gases is achieved even when the exhaust gases contain

20 any kinds of halogen-based gases.

The use of the pre-treatment cleaning agent enables the simultaneous
removal of chlorine, hydrogen chloride, bromine and iodine in addition to
highly oxidative gases such as fluorine and chlorine trifluoride. Even when
the pre-treatment cleaning agent loses its cleaning capability by cleaning

25  halogen-based gases other than fluorine or chlorine trifluoride, the pre-
treatment cleaning agent is still effective for cleaning fluorine and chlorine
trifluoride because chlorine, bromine or iodine atoms already fixed thereon are
replaced by fluorine atoms of highly reactive fluorine or chlorine trifluoride

which is brought into contact with the pre-treatment cleaning agent.

30  Therefore, the cleaning capability of the pre-treatment cleaning agent for
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Conpar at i veHal ogen- basedAdsor bedDesor bedC eani ngExanpl esgasanount
(L/L)*amount (L/L)*capability (L/L)*21HC 39152422BF; 28121G23WF~22715144CT 2002
SiF,~21 7 14 25 Br2 25 14 11 26 HBr 38 14 24 Note: *liter per liter of

cl eani ng agent. Exanple 27 5 Strontium hydroxi de, cal ci um hydroxi de and

pol yvi nyl @l |y g A9 ' i 23 and
Phen dr 1 ed e e g e S AL e B e L™
9-9921G) thesab RFERAEHNGR Rl@aN AGnadenthud T 61886 Bl ANt fesipacked
into a cylindrical colum of the same type as used in Exanples 1-2Gin a
packed | engtgre@bnhldl fitin bheiatyinkd the ethigiing ageht b6 theh RN G € G
(pre-treatnent cleaning colum). Separately, the cleaning agent prepared in
Exanpl e 5 watl plaekedtigutmeatcldamdgiageht cobatmratdd.t he same type as used in
Exanpl es 1-2G in a packed |l ength of G380 nm thereby producing a second

cl eani Aig col urmThe:IC&m'mg mesbpd opgrenedlyrigdgshbe chaardsg aganeof themegshet i c

pressure. 15 More specifically, the first cl ea% .colu and the second
cl eani ng cEVERHLE she e terptadaat pEagend R tianally decaeftrigeaiereiin

wer e connegted. t hrough a tube., Nt n gas.containing 2,000 ppm fluorine
W al | oweaP SRS BEFIT ip ohEGaly MSSBALOD G Erie PR Bor Qi EREAR Y28t urm. at
a superfici l r-vel ogl f f00 . . er

ni trogen d%se?é%@ﬁ?%?%gagﬁ%%%(%fﬁﬁgﬁf%%?%§E§E§P%PF%%E%ﬁﬁgiﬁéR%%e% %%h t he
first and ﬁﬁ?@%@x,%‘r 80 REL @Al ARy dfogdnS dRArdti16had odd PEREeMHQehlgasOf 2. G5
for 8 hours, the collunns were purged with 5 nitrogen for "1G hours. These
pr ocedor essalecte ddyemetther @paptedkistinlusfifhgoitihe ddoniae prifloedidecshldiiiee, ti me
required until the concentration of hal ogen-based gas in the effluent gas
from the sewomihe iedinenhydwgenflextdsdoulrogempochleaslerbadvogan simiglea gas
detector ("TG XA" manufactured by Bionics Kilci Co.)_ Ltd.), fhereby

cal cul ati ngy weaﬁed%ﬂeﬁpr%%ﬂuﬁ@ aaémaas@'é‘éﬁ%&g@hcqrh&etxaﬁeelrldﬁns. As a
result, the,.amount of.chlorine.gas passed.thrqugh the ,col.ums was 41.4

| Crors” andHRER dAbsR b e oliAR PR3- BARARE S Min e RS T EetREn it

cl eani ng agepifué)ille anld@ingh&ahBhAEslide t he respective cleaning agents in
the first and second cl eaning colums were anal yzed by an

ener gyscl i sper sThe o¥timaywmléuah fifatact proploetiond bthepid-tieasinewe dldahah g

fluorine was detected only fromthe cleaning _agent packed in the first
cl eani ng caganinfhendshtreptnent akeaning dgert and the claanies egenhphithepeasent

packed in the second ¢l eaning. col um. am. |I.p a 28 The, sane. cl eanjng test
as desc Ei i b emlﬁgfﬁﬁée easily,deterapeed Egse%@%ﬁp“ﬁﬁatﬁ?é’td ?%Wo‘ﬁl?crltycml olri d'ed
was used i e , : e 3 ron, tri oride
passed thr%u}g%‘?ﬁ%t%‘%ggﬁgk\%?‘%ﬁgdéﬁg%ﬁﬁ iei#tg’ %t’tr(\:d trlﬁlgg ‘ggfsec?r e%gg nhsn?la&g)s? 30
liters perpAdieRlinP{eddats 66 Qnth <13 @ét’i‘@el?gﬁ%a?f Benbhthatddiéhd 684t AfotBer
ener gy-di spersive X-ray anal ysi s showed that fluorine was detected only
from 2Re creasimgleaghnhnpacked in the first cleaning 25 colum. ExamlIp a

29 Hopcalite was _adherently added with socliumformate in an anount of 20%
by wei ght and dWhen activgiedsarbes edheeantlnaddpdmatienpshemicadmaens i on

Lai cl -Open No. 9:234337 to prepare, a cl eani agent .. . The .cl eani ng ,agent was
50 packod GHNSTAEAN LR Ca PSR PO iR S LbareTaY Edse il GRFR Blanp! es
1-2Gin - ~- 0 G.T 2 nqt f 120 t her eb

produci ng %g%rhq%radeé}sggﬁfrégg%f)ﬁﬁe %%%@’?’[dgr ég‘ir%enttﬁglpégﬁ?ngpé}l%{lﬁ%)%e.l'he sane
first and s@eaRglof Hafdiin1BasRl sEAS dSoHRALALR, FAHbE oAl Al'Heddifed ik

cl eaning colum were clisposed in this order fromthe upstream side toward

t he doBnstgeeiatsideamandt bhthChesriregtrhest cleantsy aeathfet giding tESC under
at nospheric pressure. N trogen gas containing 2,000 ppmof fluorine was

al | owed t odddorbed habogdrebfsadsgasHsdgnilragmical veactamsanssiples inaeased.i riBais
velocity of 2.G cnisec for 12 hours._ Then, after nitrogen gas containing
4,000 ppm xsidusies dhe oweraldicleanooe papalohithendrineydashs tire venniag dasbwed at a
superfici al Iinegr velocity of, 2.G5 10 cm sbec for 8 Hour_s thte col ums were
purged with ni th genesnt MEeRHoRS be described in more detail by reference to

the following examples. However, it should be noted that the following

30 examples are illustrative and not intended to limit the invention thereto.

-192 -



These procedures were cycled repeateclly. During the above procedures) a
part of the effluent gas was sanpled froma sanpling port provided qu@Fpmm
the second and third cleaning columms to neasure the tinme required unti

the concentration of the hal ogen-based gas in the effluent gas exceeded 1

ppm 15 (bEg ghg@gqtﬁm?oi nt) by a gas detector (TG XA manufactured by

Bi oni cs Ki Ki ., Ltd.). The anount of the hal ogen-based gas fl owed through
t he col ur’rzfm»e‘%@&a@i@hcdﬂcpéa@@l neehf)he neasured value. After reaching the

br eak-through point) the columms were purged with nitrogen at a superficial
| i near vel oci t yn ¢he ZolGovitig mep aratioh t 300 ¢iofrectieatied caebbn POodunddd bt he
concentr ation of the hal ogen-based gas in the effluent gas fromthe third
cl eani ng tTekedn ¥adududdiogyoppen, Wad. wedenthedrbge aagaesoﬁ”eﬁngiJéSA@f@m

manuf actured by Bionics Kiki. Co., Ltd.). As a result, the amunts fl owed

t hr ouéh t he/200iwenssusggk i | reachi ng the break-through point of the second

cl eaning colu were 1G 6 liters fo ach of 5ch|ori2ﬁ nd bor.on

trichloride, aftdP¥adetespined amomet Bid IRHRaHe deakidinsdiaghh metal
trichlorige was 40 liters per hiter of the.second _c}eaning.agent. rther)
the tne POgRed A enenfSPere it ol frif SR8 g0 cctoP R A A meRtlonc “gas
fromthe ghind gl i I : fat b gL h1adabs i gen
pur ge. GO(?TITIE.% at i vi%g%%lgws%@?ﬁg&égﬁfgpﬁfe S}%I;blaéél elglgr%aggh%eﬁ:@
Exanpl e 2] awdieenicelgabat fxettRitio ¥ds didsotvedinR00 200¢ waratk. t Mhecl eani ng
agent in the second cl eaning colum was replaced by activated carbon added
wi t h 1fo caemvai®d cgbons wase érnmeegm:it;edtw:iéhatﬁeu'amsltpassddtitohr o¥ent blee col uims
until reaching the break-through point_ of_the second cleaning colum were
13. 5 | it elBpFegnaigdincsivaedembonssvetedlied 85010 émm b haers nebtaie eoch al
anount of 1adsorbed chl orine and boron trichloride was 32 liters per liter
of activat'E8"t3F B8AFurther, the tine required until chlorine gas was
first det MEE%JE&%WOF%M%@C%%M om t he third cleaning colum was 18

In e nrt B’

hours after rnitiating rogen purge. Examlp a 30 10 The cl eani ng

agent prepar edBaohRXediihg agenBsh R pE&shriedtwasp sollddnigith agdUsgliemm of the
sane type as used in Exanples 1-2G in a packed |length of 680 mm thereby

pr odudi ngedivdrisal adlewmi hgvingl ammnethbahepeadt 3% 4 pnepibr 2gackedSengdh@©f 29 was
packed i nto_ anot hﬁr ylindrical c |Lil’m In a packed_|ength of 120 mm
t her eby pt@RIFRmngher daﬁaaéunga@ﬁcggc BRI OL BB - AV IEEASRBrEAS QUBAMIMEE 15

SRR et R R R P e bt e T
sanpl i ng @Afinn %E@%“’C%H%‘ﬁ%?ﬂ 1%&-%@&@4&6238}2 c?cﬂé'écoﬁn&él‘ orine and

4,000 ppm of boron tric e was passe e first and second

col ums astraogthetperédsaral Duniag theedotidiuwowsfildviay dtheemsf apalt bburs, the
colums were purged with nitrogen for 1G hours. These procedures were

cycl @8 r epfEhrerg| gas. froor amgutlet o eolpnur waasesiplad padiingfoduised éfifd aient  gas

B S A AT Bl e

N _25.1R04 TG XA
manu act ur SR RER R bR AR R Loy P B8 ATPER S b B0y g
{1 owed € NEHGH at RhicRHERSN Rt SRbS BF RARMehIAITL hsTRRBL L YA UCTTAT Ler

reachi ng the break-through point, the col'unms were purge h nitrogen at

a super f i gindhdti dfeadloye]-pesddyg & adsdthedbyshe. cl@idnihgeht MRsrdciilatd 30
until the concentration of hal ogen-based gas in the effluent gas fromthe

-23 251 ~from ¢hd ae0irdeddhd hall egari-hgsarbgampassedabetegh thepotuwas untdsur ed by
a gas detector (TGYA manufactured by Bionics Kiln Co., Ltd.). As a result,
t he ampunteachingdhe breakrghraueh poinimméligineachingdherdyeakdhprueh poinfi ough
point were, 1G Gliters for each of chlorjne and boron trichloricle, 5 and
the t ot al PHADERR 886 “é?c?s@f%é%f%ljﬁﬁ ﬁ@'oé‘ﬁ tﬁ%lc TERE CAUSRT 4 %0 liters
nitrogen gas containing halogen-based gas, thereby purging the cleaning
column for 24 hours. During the purging, the concentration of halogen-based

30 gasin effluent nitrogen gas from the outlet was measured to determine the

-13-



per liter of the first cleaning agent. Further, the tinme required until
chlorine gas was first detected in the effluent gas fromthe second 14 (T 200
cl eaning colum was 45 hours after initiating the nitrogen purge. Exanples
31 to 32 10 A cleaning agent conposed of activated carbon adherently added

ith al kal i i:
\(,:Motrpogedao:‘ nag{%? ?@%p gg@ %@&8%2{%@Fégﬁgg%§dg%ﬂ%ﬂé%na?ig?l?%ﬁg'?%?p?{(;% mat e and
al kal i ne ear&@amgfz{ggﬁlv\ygéx gﬁg{f%@gg?ﬁgWu@BbtjaQrO{%c*?)by"é%'b@fﬁctir%eﬂl%txﬁhas’ﬁreﬁ“.

equi valent ratio were prepared in the sa manner as in

Exanpl es 115 d6unt bedes@dBUMhRl6@aBhbd ¢ Fa@fxohh%&hﬁ%@hﬂ@d aaing ofRbSorbed
nmeasured in the sane nmanner as 1 n Exanples 1-2G The results are shown in

Tabl e 8. Talli&o8e\dageéda€onThenelsbshal afoean) the ddgehtd Bxermites: dRilest Secon
Equi val ent A eyed anount conponent conponent ratio(wt.% 31 (HC00) 2CaNone -532
HCOONaNofie -cledioR@epchilittbiver8r¢mencated IRethd velusie of kalvigay-bessd gaEpanpl es
Hal ogen- based Adsor bed Desor bed &Q/eani ng gas ampunt_ (L/L)" ampunt (L/L)*
capabi l ity (liter)of the clapmugggent §o/lcplepning agentd Nbhe volumespf gegesiingthe of
cl eaning agent,. - 2 ~ 0 T 2002 | ng¢l ustr~i al .p_lj.gabilitX The
cl eani ng ag ﬁﬁgwﬁﬁwéeéém@ow@ea@g% %&%@ﬁé@'ﬁﬁ%ﬁ Fhe5F udhk

i nvention ha\4ce (;Shci: follow ng excellent effects, and are useful for cleaning
5 exhaust gaasgé @oﬁ?ﬁ‘%ﬁ%’ieﬁﬁu xi ous hal ogen- based gases from etching process

of sem conduct or -y OduUGHEOBF cl(raéﬁi&gafe%s 6h @AM % -E PR ol %eslt gfﬁé&&i $386s

because the desorbed anount of halogen-based gases fromthe cleaning agent
i s consilder ableysHoegude Tabl@)l. THhealeealtsng chgante testpoatsyred taichlorvde-
production cost fromactivated 10 carbon and formate, or activated carbon,
f or mat e and dopdhiningitdet exlBustgacgenrdabevngaskablaBeand tipt etwilis ofaleanddgby
di sposing a cl eaning agent prepared by adherent|y addi.ng sqocliumjformate to
a metal oxi d&SEOR kest St AReSTRD eBtLvelyecontaizin g dulggpemt halogemebasessent

invention. (4) d e‘an:l ng, of Ea#)]gq n- based gases containing fluorine or
chlorine 15 835°F 106/ & 54 g§ performed by disposing a cleani ng agent

fﬁgpgf:gmo‘;ga met@) xR vARE b1 &, M hikr Y St heerdtebditiUPTRigAM Si de of
15 percentage of a first component, i.e., alkali metal formate and alkaline earth
metal formate, based on the weight of a dried cleaning agent, or a weight
percentage of a total of first and second components based on the weight of a
dried cleaning agent when alkali metal hydroxide or alkaline earth metal
hydroxide (second component) was adherently added in addition to the first
20 component.
Comparative Examples 1 to 26
The procedures of Examples 1-26 were repeated using the same
activated carbons as used in Examples 1-26 to prepare cleaning agents shown
in Table 2. The cleaning capability of each cleaning agent was measured in
25  the same manner as in Examples 1-26.
The results of cleaning tests on chlorine-containing test exhaust gas are
shown in Table 2, and the results of cleaning tests on boron trichloride-
containing test exhaust gas are shown in Table 4. In Table 6, the results of

cleaning tests of activated carbon adherently added with no chemical agent

30 against test exhaust gases containing different halogen-based gases are shown.

- 14 -



agent according to the present invention. (5) Exhaust gases containing an
bi nds of hal ogen-based gases is conpletely and safely cleaned with éﬂé&ﬁT%m2
cl eaning efficiency by disposing a 20 cl eani ng agent conposed of a netal

oxi de ancUor a netal hydroxide on the upstream side of the cl eaning agent

of the preséhhe rasdng bbeleannty thsspobadidy aed ceaimgdhgent]ypd diml withby
adherently adding sodiumfornmate to a netal oxide on the downstream side of
t he cl eani ngtedrmmetlyflanheopies dnytlroxide righorst te2bexhanst gas€ JorRAORANGHAT | S
CLAIMED IS; 1. A cleaning agent for hal ogen-containi ng exhaust gases,

conpri si ng cdiffeaent hglogandxdsadsgasgasresimwnnhiiplal’logen- based gas as

noxi ous conponent with a cl eani ng agent conprising activated carbon
adherently added with al kali metal fornmate and/or al kaline earth netal
formate, an adhered anount of the al kglpjgretal formate and/or al kaline
earth metal formate being @ toq k% b yel ghk gk basis) based on the

wei ght of the cl eaning agent, Wherein tne nal ogen=baseéd gas i s at | east one
gas sel ect edExaamplebe gr oFivstonsi st iSeponfl fl ubquivelerthl Adheeed brouinne,

i odi ne, hydrogen fl uoriaepdnartogerompontnt, hydatgen i odi dewt.¥hl ori ne
trifluoride, boron tri fHOQONe, bordwnkrichloride, silicon tegrafluoride,
silicon tetrachloride, titaniumtetrachloride, alum num chloride, gernmani um
tetrafluoride andl tuungudf&ONexaf | udlonge. 2. A cleani ng ageniOfor

hal ogen- cont ai ni g exh es) ¢ rising contacting an exhaust gas

cont ai ni ng haIogée]n-basgg?’%%{gﬁ]S i zaing agent

noxi 0U$ conponent with a cle
conprising activated cagboOrgher eniNgo@Edded wi tf:ial kali netak hydroxi de
and/or alkaline earth netal hydroxide in addition to alkali netal formate
and/ or al kali ne Barth mMBCAONar mat eNa®DHot al adhtled anount &0 the al kal

metal formate angd/or alkald earth | formate.and the al kali netal

hydr oxi de and/orgalkalﬂﬁgcé $¥h netgﬂﬁﬂ@droxide g&ing 3to 1g€6by wei ght
(dry basis) basegl on thgowhefht of teggcl eani ng agent, wherepg the

hal ogen- based gas is at | east one gas selected fromthe group consisting of
fluorine, chlori$e, brddC0ONaodi neCakQEDpgen fllUdride, hydrd@gen bromi de,

hydr ogen i odi de, chlori trifluoride, horon trifluoride, boron
trichloride, silfcon téﬁ&éyéﬁbride,géﬁpgcon tetradhl oride, tit®ani um

tetrachl ori de, uninuq&g@ ide, 0 ium tetrafl uori de angntungusten
hexaf | uori de. -qg 1 ~ @ggﬂggoz g&“?ﬁe cleani%é agent acchding to claim
2, mheregn a ratio of equivalent anount of the alkali metal formate and/or
al kaline“earth nmetal formate to the alkali netal hydroxide and/or al kaline
earth metal hydroxide is 1 . 0.1 -Ta8ble.1 @onkdprocess for cl eaning

hal ogen- cont ai ni ng Rxhdussf Gosatng Testy (hsi ActanghlmmeXhaust gas
cont ai ni ng halogen-basec gas—as—NoXi-ous o h—a-cl eaning agent
conpri si ng abrpnnles cddisheddmeewtt | Peaenhed awnennhl Kaleaning ear #kiimt e
and/ or al kaline earth netallLfgfnate. wher dlill*he hal ogen- bdgbi gas is at

| east one gas sdl ected from2she group consi $ting of fluorina7 chlorine
brom ne, iodine, hydrogen fluoride, hydrogen brom de, hydrogen i odide,
chlorine trifludride, boron%&ifluoride, borfon trichloride, 18ilicon
tetrafluoride, silicon tetr |l oride, titaniyjumtetrachlorid al um num
chloride, germaniumtetrafl uoride and tungusten hexafluoridé. 5. The
process accordinmg to c7.ai m3, wherein an aghered anount of 2the al kal

netal formate and/or al kaline earth nmetal formate is 3 to 18% by wei ght
(dry basis) baséd on the weidtht of the clealing agent. 6. A2Brocess for

cl eani ng hal ogen- cont ai ni ng haust gases, conprising an exhaust gas

cont ai ni ng haloggn-based gas’-as noxi ous con%onent with a cl éani ng agent
conprising actiwated carbon sagdherently added with al kali nepgl hydroxide
and/ or al kaline earth nmetal hydroxide in addition to alkali metal formate
and/ or al kaline8arth netal Z%rnate, wherei ® the hal ogen-bad8d gas is at

| east one gas selected fromthe group consisting of fluorine, chlorine,
bromi ne, i odi ne? hydr ogen f14for i de, hydrogé@ brom de, hydrodgn i odi de,

chl orine triflug i de, borong&%ifluoride, borgon trichlori de, §i|icon
tetrafl uoride, licon tetrachloride, titaniumtetrachl oridé, alum num

chl oride, germaniumtetrafluoride and tungusten hexafluoride. -27 1~ 0
C T 2002 7. The process according to claim®6, wherein a total anmount of the
al kali metal formate and/or alkaline earth netal fonmate and the al kal

metal hydroxi de and/or al kaline earth netdb -hydroxide is 3 to 18% by wei ght
(dry basis) based on the weight of the cleaning agent. 8. The process
according to claim6, wherein a ratio of equival ent anount of the al kal
metal formate and/or alkaline earth nmetal formate to the al kali netal

hydr oxi de and/or al kaline earth netal hydroxide is 1 . 0.1 - 3.0.




9. The process according to any one of clains 4 to 8, further conprising a
post-treatnment step of contacting the exhaust gas containing hal oge4odEeH?
gas with a cl eaning agent conprising a netal oxide adherently added with
sodi um formate. 10. The process according to any one of clains 4 to 8,
further coNptéstlitgrditpr ef tleeatmeagerstt ep of contacting the exhaust gas
cont ai ni ng hal ogen-based gas with a cl eaning agent conprising a netal oxide
and/or a metal hydroxide. 11. The process according to any one of clainms 4
to e, further conprising a pre-treat t,step of contacting the exhaust gas
cont ai ni ng hal ogen-based g- i I %%% -gent conpr|5|ng a netal oxide
and/ or a net al hydrOX|de Ahered Gampone FEtCadiAg Lge wantactlng the
exhaust ga Jotels Ty trat ggen= based gak Mg a
netal oxide .o'gr- i y addéd ki th sodi Pﬁrnate 15%@1 97 Adhere .

Al AY. A{ T ‘“\'n‘ AS >—A r‘"““"""‘! Cam "F:AnA ’L 19 AS A'L!{‘. ‘Ai A) AS
. SE. AA@ A. @E. AyS AA, . AANRIAOTD &p3h&v§@9qegb]X]ca]ca}ca]ca]ca]ca]ca]ca]c<aU
c<a] ca]ca] ca]cg]ca]ca ca] ca] ca].gal ca] ca] ca] cha] ca]ca]cal]c aJc<a] ca
]I$+]]]]§]]]ﬁ@](ﬁ§k]]]ﬁlle]]]_]]]]aj]]

"ESU) | +s++++3 - Aﬁ nhcAY]]cq&gﬁéca]ca]ca]calca]ca]ca]campa]ca]ca]

ca]ca]ca]ca]ca]ca]ca]c“a?% c,aa]ca]ca]ca]ca]ca]ca]ca]ca]ca]caI 1..../P/]200
01WL11@223] 3d38348: :; [(CH,,NIOH None 10
,,OZADDD|mmnhcAY]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]
ca] ca] ca] ca] ca] 6a] ca] cdlVe@ft"a] ca] ca] cidpra! Df Lni{ LLMAWMYMO 10

P#P&P) P, PQRTTU. zVMZXq YYZRZWZZ}ﬁgn'ggZ]]]ca]ca ca] ca] ca] calca]ca]ca]c
a]ca]ca]ca]ca]c ]ca]ca] Fgg$@a]ca]ca] ép ]ca]ca]ca%éa]ca]ca]ca]éa]calZR[[
[1k]s]]"n aeee HCOONa
fS|j7Innnursuuuevnvnvmmvvmﬁvqlfa[V]calc af%a]cAa]calcglca]ca]ca]cgcha]ca]c
a] ca] ca] ca] ca] ca] ca] c™a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal wwwxxxxxyJyR
yz@&fznzzzz{{{Y{b{{{{{{||||}|wwnhc£bea ]cgic“a]ca]ca]ca]ca]ca]ca]c“a]ca]
c”a] ca] c™a] ca]ca] ca] ca]calc”a]calc Aa]ca]ca]ca]ca]ca]ca]ca

) R 5[:Ke  Resul
>gopzupkf al-cal-cfal-eal-efaj-cal ¢
a] ca] ca] c"ai%eﬁ]gét’é’ﬂ cal é? é PE%} c ﬁst,oé % & mo‘mt earing capability

pzct bGP_( 09{ tHHMPAGETf a[ /] iV Ea] cal cal crafedPEnal ca cajc
a] ca] ca] c”*a] ca] chk] ca] ca] ca] c"&?ca] c"a] ca] ca] ch?a] cajcha 12

9} R _} bont 2Ar K} xsphc] Xl fa[ V] ] calc™a] ca] c*a] ca] ]ca]cAa]ca]ca]ga]ca]ca]ca]ca

]cAa]ca]ca]ca]ci{ca]c“a]ca]ca] a]ca]ca]ca]c“af@a]c“a]ca K\ v#- Z[ 20u% v

I 5f - 5D+zupkf a\ W4 ca] ca] ca] ca] ¢g] ca] ca] ca] ca] cad ca] ca] ca] ca] cagca] ca] ca]ca]c

a] ca] ca] ca] ca] c™a] ca] ca] ca] ca] c™a] ca] c™a] cal +[cs” QR v

| 5f - 5D+zupkf a\ W4 ca] ca] ca] ca] ¢9] ca] ca] ca] ca] cdl] ca] ca] ca] ca] cd®ca] ca] ca] ca]c

a]ca]c]ca]ca]cahﬁa]ca]ca]ca]cz}ca]ca]ca]caChnL%&le@éu&f()- 10

910% u&' ()-t10%U& ()-L" 10% u -

S10% u&' () - 310%gI& ()-ML0% ué&i§)-o0 i K-f10% u&'q)-@ 10

10% u& ()-M " 10% u& ()-!10% u& ()-L& 10% u& () -

10% u&' ()-10% u8] () - &p3Ni K—yZIGO% u& ()- @9$101% u& ()-f)! 10%& ()-s@, #10%

u& %1

S#lgaBB& Uﬂoyg*iﬁ%B&e(1&8&0ﬁd@@nu&ﬂayﬁ#Y-lO@éu& () &<10% u&' () - @#10% u&' ()

- &W) ?i Hy2!10% f $10% & ()- $109BB& ()- $10%& ()-, #109B& () - -

p, #10%Bj B&' () - - S#109%&' ()-y)" d$()~ B8Hy10B<109B&' () - y2$10%& ()-z

y2$109BB& ()-z$10%& ()- f$10% & () %%gg%@& () )*+ VmOHy 10B<$10% & () -

p$LOYMh& () - @10% & () -y @10%KhS ‘B;OB +} [ <OHy10@ L$10%
ig)

»,
O -

& ()-S' @L$10%h& ()- St $XTH=g~1 .
t $10%h& ()E Brmpydd! k@$¥@%ﬁR& () yLSéf@&l&‘& (5 E
h& ()-f 281006 h& (2! _9({
$10%@/0/&f . i
y v'"" B O I y=3

10/ <10% & () - . $10%& (HQ w000l of & )5

_$10%00& () - b#E$vW&( 61 715 $100MK& (-1 s$SL0%@R () -y: $10%

& ()-'ty: $10%U8& ()-!, HIE9®hhh& () - ZNo#a0%<<& ()-2z(£)) +l +p+q+2ap<1? 10
hs<10% h& ()-S2° $10% & ()-f! S2° $109%h& ()-f @ $10%

h& ()-,! @3$10%h& ()-,!ps$l0% & ()-qg+r+s++++, ,u,, N 109B& ()- S
109B& ()-Y GLOYBE () - -10%3&'()-!10%3&'()6- s' S109B& ()- 10 h
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10 h,-7---.].dEnV 109By1098B& ()- , !109B& ()-!109B& ()-Y
“109B8& () - F310%8&' ()-f109& ()- 1.../P///dEnN 109@# "109B& ()- ", 14-0CT 2000
109B& ()-Y f 109B& ()-2z109B& ()-310%B& ()-F 109B& ()-/20001WL1dEMNV
1098. s! 1098& () -, ! 1098 I§ a
+10988&’ () - @ Fob@s: () -5C00bas: () - %alYadhBe () - 11@212123] 3dEnN 5
109B9$109B& ()Y 710° 100B& (g ApA0%BE () - $2} 100B& () - 0, " 109%8& () -

L @f%% Mok 0

] 3a3b3c3d3s3t 4 () # ()-z!#109 & ()-z ' @O0%’()- 10B 10B
10Bs<109B&' () - Qﬁ?Cﬁv88ggj ) $309 Q& ()- Of &H1PpU%& ()-Iff&ﬁgow&&& ()-ff
&$109& ()-!ff&$P10%+& () - f&$10%++& ..Z;;;;;;;U] _@'@o% h& ()- 10 10
10L" <109%&' () - f1R$10%&' HDQ(DNaZSSlO% KiOH) zf,): $109 () - @ <T=) >PPAWMI3] @Y
8&$10%hh&' () -! 10%

& ()-y! k@10% %% ()- gﬁ@l@%@h& () -Wal@ihwr ()-y' ¥B109% () - yhAB coobpz| <
1@ 10 h<10% h& ()-f

h& ()-z!f)$109 (%) )z'} )@%@%h& () N39E oomde ()-2Y es10m & (39D
DDD3DEF~GeC@ 1 h! S$1 51 51 ~S$1,0941& 5

S$10%T8! ()-y5f2(sb' 10%VK! O%C% h%@aé@%ﬂ LijkLI L]r:fle[ PE: wah 1Bm 10Mm
10MK1090& () - SSTOWKE () =751 S$10%& ()-y5\ SST0%NE ()-y5! XSSLOME () - y5ni{
LLMIMMYMIEPE: 10 h 10M 109%&' ()- s10%& ()- 9s10% ()- Y10%& ()-

109 ()-s' y10%&' () - Table 3 (Contd.)
Results ning T ogen- * boron trichlori
Examples Adsorbed amount Desorbed amount Cleaning capability

(L/L)* (L/)* (L/)*
11 20 7 13
12 20 7 13
13 19 6 13
14 20 5 15
15 21 4 17
16 19 3 16
17 20 5 15
18 21 8 13
19 21 7 14
20 19 5 14

Note: *liter per liter of cleaning agent.
Table 4
her n leanin
Comparative First Second Equivalent Adhered
Examples component component ratio amount (wt.%)

8 None None - 20
9 HCOONa None - 20
10 Na;AlO, None - 10
11 [(CH,),N]OH None - 10
12 NaOH None - 10
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10@ 9%$10% & () -z! @ 9%10% N N& () - Z( 10%& () -
h& ()-93"10% h& ()-~"n" zaac+d}[9_@ 10 !

- S

10 h 10 h 10 Ry<10%
$10%& ()

$10% &’ () - SH10%rk&' () - ! #109&' () - $STQUI (Do PL0%& () - @deeeeeeee}rg\ = 10

" @O% () - ul Cleaning Tests n-based gas' boron trichlorid
Comparative  Adsorbed amount Desorbed amount Cleaning capability
Examples (L/L)* (L™ (L/L)*
8 20 12 8
9 5 1 4
10 15 8 7
11 16 7 9
12 16 7 9
13 18 10 8
14 5 1 4
Note: *liter per liter of cleaning agent.
Table 5
Adhered Components of Cleaning Agents
Examples First Second Equivalent Adhered
component component ratio amount (wt.%)
21 HCOONa NaOH 111 10
22 HCOONa NaOH 1:1 10
23 HCOONa NaOH 1:1 10
24 HCOONa NaOH 1:1 10
25 HCOONa NaOH 1:1 10
26 HCOONa NaOH 1:1 10
Table 5 (Contd.)
ults of in
Examples Halogen-based  Adsorbed Desorbed Cleaning
gas amount (I/L)* amount (L/L)* capability (I/1)*
21 HCl 52 11 41
22 BF, 32 7 25
23 WEF, 23 3 20
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10s<- 109%&' () - b92s$10%& Yo, gj qqr ssz%g 1001 f $}@%‘*& O)-f vy 39
$LOW& ()-f!lt $10% ' & ( f $10% G&' ( - $10%cbhe& () -2z!;
f $10% 0' o ZSt . uuuyyuuu 100 1" 109K () 10’0 10'o0 10 0<-10% o0& () -
$10% o0& ()&qté ﬁtﬁ&/&? Lﬁtéfl f@ é%%e (%uevm/nvxvvvw Jo@ 109& ()-Jdv
10%& ()-Jv 109 ()-Jv 109& () - Jv
10%&' ()-J9109%&' ()- @10%&' ()-vvvvvvvvnT*)?mv 10%& ()-Jv 10%& ()-Jv
109&' ()-Jv 109 ()-Jv 109 ()-J)?m \T\BNQ/GVV} S4)?v  10%& ()-J)?myv

10% ()-Jv  109&' ()-Jv y s of Cleani
Comparative First Second Equivalent Adhered
Examples component component ratio amount (wt.%)
15 None None - -
16 None None - -
17 None None - -
18 None None - -
19 None None - -
20 None None - -

Table 6 (Contd.)

Results of Cleaning Tests
Comparative Halogen-based  Adsorbed Desorbed Cleaning
Examples gas amount (I/L)* amount (I/L)* capability (L/L)*
15 HCI 16 8 8
16 BF; 29 17 12
17 WF 22 8 14
18 SiF, 20 9 11
19 Br, 24 15 9
20 HBr 15 8 7

Note: *liter per liter of cleaning agent.

5
Table 7
0 nents of Cleani
Comparative First Second Equivalent Adhered
Examples component component ratio amount (wt.%)
21 [(CH,,N]JOH None - 10
29 [(CHy ,NIOH None - 10
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109%& ()-Jv 109 ()-Jv 109 ()-Jv 109 ()-Jvwww wwZ@) ?v v 10%& f)]])umn
vv 109% ()-Jv _ 109%& ()-Jv_ 109%& ()-Jv _ 10%& () - Jwwww WZ@) ?v v
109%&' () -J)?2m vi3 109& [(CH, NI () - Nong ook’ ()-Jv —109%& ()-J 10
W W, W. V\fl\/\/2w4WZ§1) ?v v 100/e§<'1\§]) -J)?m vv

4 JNJO

[(CH, H None _ 10
25 [(CH,),NIOH None - 10
26 [(CH,) ,N]OH None - 10

Table 7 (Contd.)

U leanin
Comparative Halogen-based  Adsorbed Desorbed Cleaning
Examples gas amount (I/L)* amount (I/L)* capability (L/L)*
21 HCI 39 15 24
22 BF; 28 12 16
23 WF, 22 7 15
24 SiF, 21 7 14
25 Br, 25 14 11
26 HBr 38 14 24

Note: *liter per liter of cleaning agent.

Example 27
5 Strontium hydroxide, calcium hydroxide and polyvinyl alcohol were
kneaded in a weight ratio of 75:23:2, extruded and then dried as described in
Japanese Patent Application Laid-Open No. 9-99216, thereby preparing a
cleaning agent. The cleaning agent was packed into a cylindrical column of
the same type as used in Examples 1-26 in a packed length of 50 mm, thereby
10  producing a first cleaning column (pre-treatment cleaning column).
Separately, the cleaning agent prepared in Example 5 was packed into a
cylindrical column of the same type as used in Examples 1-26 in a packed
length of 680 mm, thereby producing a second cleaning column.
Cleaning tests were carried out at 25°C under atmospheric pressure.
15 Move specifically, the first cleaning column and the second cleaning column
disposed on the downstream of the first cleaning column were connected

through a tube. Nitrogen gas containing 2,000 ppm fluorine was allowed to
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109& ()-Jv  109& ()-Jv 109 ()- 109&’ () -
cm/sec for 12 hours. Then, afte1 nitrogen gas contamlng 4 OOO ppm chlorine
was allowed to flow through the first and second cleaning columns at a
superficial linear velocity of 2.65 for 8 hours, the columns were purged with
5 nitrogen for 16 hours. These procedures were cycled repeatedly. During the
above procedures, the time required until the concentration of halogen-based
gas in the effluent gas from the second cleaning column exceeded 1 ppm was
measured using a gas detector ("TG-XA" manufactured by Bionics Kiki Co.,
Ltd.), thereby calculating the amount of chlorine gas passed through the
10 columns. As a result, the amount of chlorine gas passed through the columns
was 41.4 liters and the adsorbed amount was 50 liters per liter of the second
cleaning agent.
After the cleaning test, the respective cleaning agents in the first and
second cleaning columns were analyzed by an energy-dispersive X-ray
15  diffractometer. The results showed that fluorine was detected only from the
cleaning agent packed in the first cleaning column, and no fluorine was
detected from the cleaning agent packed in the second cleaning column.
Example 28
The same cleaning test as described in Example 27 was repeated except
20  that boron trichloride was used in place of chlorine. As a result, the amount
of boron trichloride passed through the columns was 24.8 liters and the
adsorbed amount was 30 liters per liter of the second cleaning agent.
Further, the results of energy-dispersive X-ray analysis showed that
fluorine was detected only from the cleaning agent packed in the first cleaning
25  column.
Example 29
Hopcalite was adherently added with sodium formate in an amount of
20% by weight and dried at 50°C as described in Japanese Patent Application
Laid-Open No. 9-234337 to prepare a cleaning agent. The cleaning agent was

30 packedinto a cylindrical column of the same type as used in Examples 1-26 in
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T10% () - wa:sL%Z.glgf:u ated from the measured value.
After reaching the break-through point, the columns were purged with
nitrogen at a superficial lineax velocity of 2.65 cm/sec, and the time required
20  until the concentration of the halogen-based gas in the effluent gas from the
third cleaning column exceeded 1 ppm was measured by a gas detector (TG-XA
manufactured by Bionics Kiki Co., Ltd.).
As a result, the amounts flowed through the columns until reaching the
break-through point of the second cleaning column were 16.6 liters for each of
25 chlorine and boron trichloride, and the total amount of adsorbed chloride and
boron trichloride was 40 liters per liter of the second cleaning agent. Further,
the time required until chlorine gas was first detected in the effluent gas from
the third cleaning column was 45 hours after initiating the nitrogen purge.
Comparative Example 27

30 The same procedures as described in Example 29 were repeated except
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S/, 109X&& () - . {&$ 21epWiXtV¢ parES?s #adsetoviersh the#augins until reaching the
break-through point of the second cleaning column were 13.5 liters for each of
5 chlorine and boron trichloride, and the total amount of adsorbed chlorine and
boron trichloride was 32 liters per liter of activated carbon. Further, the time
required until chlorine gas was first detected in the effluent gas from the thivd
cleaning column was 18 hours after initiating the nitrogen purge.
Example 30
10 The cleaning agent preparved in Example 5 was packed into a cylindrical
column of the same type as used in Examples 1-26 in a packed length of 680
mm, thereby producing a first cleaning column. The hopcalite prepared in
Example 29 was packed into another cylindrical column in a packed length of
120 mm, thereby producing a second cleaning column (post-treatment cleaning
15 column). The second cleaning column was disposed on the downstream of the
first cleaning column, and connected thereto through a tube provided with a
sampling port.
After nitrogen gas containing 4,000 ppm of chlorine and 4,000 ppm of
boron trichloride was passed through the first and second columns at a
20  superficial linear velocity of 2.65 cm/sec for 8 hours, the columns were purged
with nitrogen for 16 hours. These procedures were cycled repeatedly.
During the above procedures, a part of the effluent gas from the first cleaning
column was sampled from the sampling port to measure the time required
until the concentration of halogen-based gas exceeded 1 ppm (break-through
25  point) by a gas detector (TG-XA manufactured by Bionics Kiki Co., Ltd.). The
amount of halogen-based gas flowed through the columns was calculated from
the measured value.
After reaching the break-through point, the columns were purged with

nitrogen at a superficial linear velocity of 2.65 cm/sec, and the time required

30 until the concentration of halogen-based gas in the effluent gas from the
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10 carbon and formate, or activated carbon, formate and hydroxide.
(3)  Halogen-based gases are completely removed by disposing a cleaning
agent prepared by adherently adding sodium formate to a metal oxide on the
downstream side of the cleaning agent of the present invention.
(4) Cleaning of halogen-based gases containing fluorine or chlorine

15  trifluoride is safely performed by disposing a cleaning agent composed of a
metal oxide and/or a metal hydroxide on the upstream side of the cleaning
agent according to the present invention.
(5)  Exhaust gases containing any kinds of halogen-based gases is
completely and safely cleaned with great cleaning efficiency by disposing a

20 cleaning agent composed of a metal oxide and/or a metal hydroxide on the
upstream side of the cleaning agent of the present invention, and disposing a
cleaning agent prepared by adherently adding sodium formate to a metal oxide

on the downstream side of the cleaning agent of the present invention.
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1. A cleaning agent for halogen-containing exhaust gaseg,
comprising contacting an exhaust gas containing halogen-based gas
as noxious component with a cleaning agent comprising activated
carbon adherently added with alkali metal formate and/or alkaline
earth metal formate, an adhered amount of the alkali metal formate
and/or alkaline earth metal formate being 3 to 18% by weight (dry
bagis) based on the weight of the cleaning agent, wherein the
halogen-based gas is at least one gas selected from the group
consisting of fluorine, chlorine, bromine, iodine, hydrogen
fluoride, hydrogen bromide, hydrogen iodide, chlorine trifluoride,
boron trifluoride, b&ron trichloride, silicon tetrafluoride,
silicon tetrachloride, titanium tetrachloride, aluminum chloride,

germanium tetrafluoride and tungusten hexafluoride.

2. A cleaning agent for halogen-containing exhaust gases,

comprising contacting an exhaust gas containing halogen-based gas
as noxious component with a c¢leaning agent comprising activated
carbon adherently added with alkali metal hydroxide and/or
alkaline earth metal hydroxide in addition to alkali metal formate
and/or alkaline earth metal formate, a total adhered amount of the
alkali wmetal formate and/or alkaline earth metal formate and the
alkali metal hydroxide and/or alkaline earth metal hydroxide being
3 to 18% by weight (dry basis) based on the weight of the cleaning
agent, wherein the halogen-based gas is at least one gas selected
from the group consisting of fluorine, chlorine, bromine, iodine,
hydrogen fluoride, hydrogen bromide, hydrogen iodide, chlorine
trifluoride, boron trifluoride, boron trichloride, silicon
tetrafluoride, silicon tetrachloride, titanium tetrachloride,
aluminum chloride, germanium tetrafluoride and tungusten

hexafluoride.
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cleaning agent.

8. The process according to claim 6, wherein a ratio of
equivalent amount of the alkali metal formate and/or alkaline
earth metal formate to the alkali metal hydroxide and/or alkaline

earth metal hydroxide is 1 : 0.1 - 3.0.

9. The process according to any one of claims 4 to 8, further
comprising a post-treatment step of contacting the exhaust gas
containing halogen-based gas with a cleaning agent comprising a

metal oxide adherently added with sodium formate.

10. The process according to any one of claims 4 to 8, further
comprising a pre-treatment step of contacting the exhaust gas
containing halogen-bagsed gas with a cleaning agent comprising a

metal oxide and/or a metal hydroxide.

11. The procesgs according to any one of claims 4 tc 8, further
comprising a pre-treatment step of contacting the exhaust gas
containing halogen-based gas with a cleaning agent comprising a
metal oxide and/or a metal hydroxide, and a post-treatment step of
contacting the exhaust gas containing halogen-based gas with a
cleaning agent comprising a metal oxide adherently added with

sodium formate.
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