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METHOD, REAGENT AND APPARATUS FOR TREATI NG EM SSI ONS CONTAI NIl NG CHLORI NE
TRI FLUORI DE AND OTHER | NORGANI C HALOGENATED GASES BACKGROUND COF THE
I NVENTION 5 This invention relates to a nmethod and apparatus for treating
em ssions containing chlorine trifluoride (CLF3) and other inorganic
hal ogenat ed gases. In the process of sem conductor fabrication, the inner
surfaces of equipnent and other parts are subjected to dry cleaning with
C1lF3 and 10 the resulting em ssions contain inorganic hal ogenated gases
such as C1F31 S1F4, HEEH%P-BB§$«GE@T3§NPF8?PPE&3USFroanmR@h;rINGThe pr esent
i nvention particul BMISFEING CONTAINING MIHLOQRINE ARIRIAUQRI B rANDENderi ng
such eni ssions harm ess. CRHRRMa NGRGANTC HAM®OGHNATHD AsHge- scal e
integration 15 (LSI) has increased recently together with the need to
further inprove the production efficiency of IC chips, manufacturers are

enpl oyi ng a?ﬁ§$h§¥ﬁ%@99ﬁnq“@?&g%%N5&$§?hiCh the thin filmformng

conponent s to the “inner faces of the vessel and piping on

9 Ao or e, aaveRiRol $430.as $BeY GAlndAPanaDRpRaL AR EGID)  and

Physi cal Vapor Deposition aratuses are cleaned

trifluoridetrEhdhg@RhidlnensIasataiWihy Eﬂ?.or?ﬁ%‘ﬁ'g%g.g'jﬁ%gihg KE‘i‘f"eg;l  od

waf ers of larger dianeter, increased anbunts o as nust De“sd

and | onger aRd elt@ai AforgdRscahelbgaunaied gHawaver inClha peodBsgXbEemel y
toxi c substance with a TLV (Threshold Limt Value)of 0.1 ppm Wat is

nore, the esesdiconducton fabracatiohgarheginfegpsa@fhaed Bet egihymehk3 but
al so other harnful inorganic - 1

and other parts are subjected to dry cleaning with ClF, and

10 the resulting emissions contain inorganic halogenated gases
such as ClF,, SiF,, sicl,, BF,, BCl,, PF,, PCl,, F, and Cl,.
The present invention particularly relates to a method and
apparatus for rendering such emissions harmless.

As the feature size of ultra-large-scale integration

15 (LSI) has increased recently together with the need to
further improve the production efficiency of IC chips,
manufacturers are employing an auto-cleaning method in
which the thin film forming components that stick to the
inner surfaces of the vessel and piping on thin film

20 forming equipment such as Chemical Vapor Deposition (CVD)
and Physical Vapor Deposition (PVD) apparatuses are cleaned
with chlorine trifluoride (ClF,} and other gases. With the
growing need to process wafers of larger diameter,
increased amounts of ClF, gas must be supplied and longer

25 cleaning times are required. However, ClF, is an extremely
toxic substance with a TLV (Threshold Limit Value)of 0.1
ppm. What is more, the emissions from the auto-cleaning
step contain not only Cl1lF,; but also other harmful inorganic
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hal ogenat ed gases such as SiF' SiCl4 , BF3, BCl3, PF3, PCl31 F2 and Cl12
that are sinultaneously discharged as by-products fromthe cleaning of
thin filmform ng conponents. Conmon nethods for treating CLF3 include wet
scrubbing 5 with aqueous alkalis and dry neutralization with soda-line or
activated al um na. However, the sole use of reagents such as soda-line and
activated alumna is not effective in renoving CLF3 to levels belowits
TLV and, in _addition, chlorine is liberated in the reaction with the
reagents and*lPIeRFA §shigases iswchyafe$idfichSa€1si BF,. SBCL;, BIB,, BC13, PF3,
PC13, F2 an% Cl12 ca not. be ful In%itrermved. Under these circunstances, the
present invént 8P E? dRARPLE fEMHb e Queki fRcharaad ¢iF iorprodulds wer e

used in comnati.on wi.th al kali_ reggent,s such as cal cium 15 hydroxide in
order to p??fe"ﬂ tI?ﬁeo&lﬁal gof)fcm%d‘% %é-s-'ﬂh(fc’rl"&?&/é’wetn&ﬁ-evel s bel ow
its TLV whil e ensyr] t her_i.norganic ogenat ed gases coul d al so
be fully rennvegﬁwgggl%Eﬂ%gfgﬁqgf:?&?q n@hfﬂgé gﬁ?i“ﬁ%mﬁ?Er?cFﬂgPéngmas
still rogm fQry -1 sQr der r r 0.a ts af F3 by
The et g oty BRI 1 S8a Wyl Hele i 0nC TR BotarTigé: oY ge

amount s of GE3otithat AIShAREOrY HIRANRIE, HhE BolSClkol RYCTLAIS RIOPOSEd 2

nmet hod of treatnent in which the em ssion containing TSt

brought i nt guedniagCisodial-n ime ahan a0idated 22updnbhell foteQlrrketil/aen i nto
contact with an ani on-exchange resin (JP 11-70319 A). However, as a Ponger

cl eani ng ti memowdhgr €4, r &, Leviel ease€lorNDUst BLYfafde {@agedicidmd to be
used and the process tenperature increased fromthe heat of - 2
chlorine is liberated in the reaction with the reagents and
10 inorganic halide gases such as SiF,, SiCl,, BF,, BCl,, PF,,
PCl,, F, and Cl, cannot be fully removed.

Under these circumstances, the present inventors
proposed a method of treatment in which iron oxides were
used in combination with alkali reagents such as calcium

15 hydroxide in order to prevent liberation of chlorine and
remove ClF; to levels below its TLV while ensuring that
other inorganic halogenated gases could also be fully
removed (see JP 6-177 B). As it turned out, however, there
was still room for improvement in order to treat large

20 amounts of ClF, by the method in a satisfactory manner.

Hence, with a view to treating large amounts of C1F,
in a satisfactory manner, the present inventors proposed a
method of treatment in which the emission containing CI1F,
was first brought into contact with an iron oxide or

25 synthetic zeolite, then into contact with an anion-exchange
resin (JP 11-70319 A). However, as a longer cleaning time
was required, increased amounts of the reagents had to be
used and the process temperature increased from the heat of
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reaction between the reagents and the em ssion, so that after a prol onged
treatnent, the performance of the anion- exchange resin dropped, naking it
necessary to perform N2 purge for cooling the reagent after the cleaning
step. 5 Nitrogen purge requires at least 6 hours to conplete, so swtching
fromthe cleaning step to the deposition step is delayed to | ower the
production efficiency. As a further problem the equipnent nust be
retrofitted to incorporate a N2 purge line for cooling purposes. 10
SUMVARY OF TifR9thaaNhBesvesh e dteadantsfantd the aemisgiasserso ithamtion i s
to provide nmet hod capabl e. of efficient treatnent of em ssions

cont ai ni ng rﬂajftteoﬁleﬁl B afbdeatdrendy dhehdenfommansies ®f thhe ansamsed in
2071 aroe” AN i Hraphi'c Tt s ARRSASATR O SRR

I by . bject of t ' ntiqn is to provide an
ppar at us abieY duss i e S iR itging Siton y
chl orinest riNilwQideif fiifged AR ACHU G4 %Orl-xgx?ﬁ’sc TRl Rgpaled % >€S can

be treated efficientl’y wthou suffering significant drop I n pérformnce

after prol ongad cHir tﬂﬂﬂﬁ-tHﬂqdﬂ%éﬂgﬂaqéggﬂaﬂdOEhEHE%?%@@@¥§§ st 45 1

shows diagrammatically a first enbodiment of the tredatnment appardtus of
the inventi delayed Ridd.lovedh@Me HragiudPin @FH1%:12nTCONA <L Eh GeirFplak- of

the treatnent apparatus of the invention. DESCRI PTI OF THE PREFERRED
EMBCODI MENTSproblem, the equipment must be retrofitted to incorporate a
N, purge line for cooling purposes.
10 SUMMARY OF THE INVENTION
An object, therefore, of the present invention is to
provide a method capable of efficient treatment of
emisslons contalning not only large amounts of chlorine
trifluoride that is used in a prolonged cleaning step of
15 the semiconductor fabrication process but also large
amounts of other acidic inorganic halogenated gases that
result as by-products.
Another object of the invention is to provide an
apparatus and a reagent with which emissions containing not
20 only chlorine trifluoride but also other acidic inorganic
halogenated gases can be treated efficiently without
suffering significant drop in performance after prolonged
treatment.
BRIEF DESCRIPTION OF THE DRAWINGS
25 Fig. 1 shows diagrammatically a first embodiment of
the treatment apparatus of the invention:; and
Fig. 2 shows diagrammatically a second embodiment of
the treatment apparatus of the invention.
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According to its first aspect, the present invention provides a nmethod of
treating an em ssion containing chlorine trifluoride (O F3) and other
i norgani ¢ hal ogenated 5 gases by bringing it into contact first with a
chlorine trifluoride (O F3) deconposer and then with a chlorine renover.
By bringing the em ssion containing chlorine trifluoride (C F3) and ot her
I norgani ¢ hal ogenated gases into contact with the chlorine trifluoride
(A F3) 10 decoq$oser the fluorine atons undergo a chemical reaction on

the deconpos¥rSYRIBRIQN \QF) THE | RREEJRREM FMRODE val. Oher acidic

gases in the em %on re also fixed to the decqonposer. The chem cal

reaction al so |i BEfHRES I Ml s Y @Epectihdie mresants sivsferddmmai ni ng
Femover . whEESTASE o TSR 15 e Gl |40 AP RPRERLRIAG o | ne. at o
fo b 11 eat CHISEd SR MG [ o) 8hT Benes! Tha2henie, baiferatsd) "and
U consiSaTen, e er YA 0% MnedAini 335 AT SFIFAHAT o to”

SidJ, boraifiddridd qE 1B 3hecbAb88ert hhaNEREA G, hor us
grifluoride (PF Al phosghorug chtrPch?gride (P%HS ?£?|éo%?%ggg§§ (F2) and

chlorine garen(dvled). BeTrigigissy QiMe Al ¥ cahltainiose cligiinedr i gi nate
fromthe cleaning step in the sem conductor fabrication process, for

exanpl e, thamsitfdmorfidd daliMy ahé otHeri hhoryanioef habegehaobar ghgethe
sem conduct or fabricating
into contact with the chlorine trifluoride (C1F,)

10 decomposer, the fluorine atoms undergo a chemical reaction
on the decomposer to be fixed to it for subsequent removal.
Other acidic gases in the emission are also fixed to the
decomposer. The chemical reaction also liberates chlorine
gas (Cl,). Then, the emission containing the liberated

15 chlorine gas is brought into contact with the chlorine
remover, whereupon the free chlorine gas is removed and the
chlorine atoms are rejected from the emission in the form a
harmless salt.

The emission to be treated by the invention contains

20 chlorine trifluoride (ClF,) and preferably it further
contains at least one acidic gas selected from the group
consisting of silicon tetrafluoride (SiF,), silicon
tetrachloride (SiCl,)}, boron trifluoride (BF,), boron
trichloride (BCl,), phosphorus trifluoride (PF,), phosphorus

25 trichloride (PCl;}., fluorine gas (F,) and chlorine gas
(Cl,). These emissions are preferably those which
originate from the cleaning step in the semiconductor
fabrication process, for example, the step of cleaning the
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equi pnent after depositing poly-Si filmor SINfilm The treatnment nethod
of the invention is described belowin detail with reference to the case
where an 5 em ssion containing chlorine trifluoride (CLF3) is first
brought into contact with synthetic zeolite used as a chloride trifluoride
deconposer, then into contact with a sulfureous reduci ng agent (Na2S203)
as a chlorine renover. If the em ssion containing chlorine trifluoride is
10 brought into contact with the synthetic zeolite, the fluorine atons
react cheni ddtisrinx Pk Hhenchambegr tinpkhsf semicongudian Eatgdlidatdng be
fixed in it whereas the chlorine atons are liberated as chlorine gas

(C,). ThiseERmendh aitenflepasitdd s palive Siolfidm wy fddefdlms 4CLF3 +

2A120, -+ 4A1F3 + 2Cl12 + 302 (1 The em ssion is then brought into contact
with the chl orir?é’erltrﬁﬁeﬁ"}e"v‘ém Ah&henAgvemdianods desarifiedh the

ki | { 208). t har i alt (Nadl),
ohi ch o reai T RS IR SR el i MeSERpARSent ea byt he

fol | ow . %l\‘%%ﬁ?tg% . -t ' 1),
tﬁe gy%?ﬁef%%agggllte aV|ﬁgfﬁﬁéh&fﬁfékpg%gﬁﬂyﬁéﬁgﬁﬁégékéin%gggg%%gPige)
trifluor! de BIeRRIMON Abn b YAt Wnichbr1G e 1oy GUY LBAYCi ng agent

(Na2S2CB) is 25 used as the chlorine rémover. 1t should, however, be noted
that these amadialad ieiFahR @R RIRomosele Hhledl iifto Honflaéd kden a

deconposer and chlorine renover that can be enployed in the present
i nvention. Aw figustddriimphgent (Na,S,0,) as a chlorine remover.
If the emission containing chlorine trifluoride is
10 brought into contact with the synthetic zeolite, the
fluorine atoms react chemically with the Al,0, portion of
the synthetic zeolite to be fixed in it whereas the
chlorine atoms are liberated as chlorine gas (Cl,). This
reaction 1is represented by the following scheme:
15 4C1F, + 2A1,0, - 4AlF,; + 2Cl, + 30, (1)

The emission is then brought into contact with the
chlorine remover, whereupon the chlorine atoms react with
the sulfureous reducing agent (Na,S,0,) to generate a
harmless salt (NaCl), which is rejected from the emission.

20 This reaction is represented by the following scheme:
2Na, 5,0, + C1, - 2NaCl + Na,S$,0, (2)

In equation (1), the synthetic zeolite having the Al,0,
portion is used as the chlorine trifluoride decomposer and
in equation (2), the sulfureous reducing agent (Na,S,0,) is

25 used as the chlorine remover. It should, however, be noted
that these are not the sole examples of the chlorine
trifluoride decomposer and chlorine remover that can be
employed in the present invention. Any compound that can

- 5 -



deconpose chlorine trifluoride and fix the fluorine atons may be used as
the chlorine trifluoride deconposer in this invention and a preferred
exanple is trivalent iron oxides chiefly conposed of Fe203. Synthetic
zeolite is 5 particularly preferred for the followng two reasons: it can
deconpose nore of the chlorine trifluoride and hence is nore powerful than
the iron oxides; if chlorine trifluoride condenses and accunmulates in a
liquefied state within the reagent bed, a violent deconposing reaction
will occur tdPCRPRAAS chianinel tTidilawsd en ansinfidmathiee BHnbimes sthomsbut t he
synthetic zeolite can prevent these problens. The synthetic zeolite
sui tabl e form"’l}’sé’edélsfcﬁrﬂ%rtibﬁe chlqiing irdd lpeaddso Sacompasies [dne ddrits

i nvention prefer h al um num content. For exanple, it preferably
15 contai ns & acglcﬁ’olaﬁ‘ad; etﬁe%e@z AP eispélrti"@fleREZ(}an Nerldes

t | t of A1203.
st *prof Zra%ﬁ ecfcw % 3’&%3{3%%? T8 Sty el e #%lrie tgart o
f ite is zeolite avi ng
ﬁ%égszo Cap§£,|,ty1%?§§p oﬁ%%??%ﬁpg'§%3%%§%Pﬁﬂ@ﬁ&n 3 ° E5&ECPEE 1 xanpl es

of synthet | et ddddiipdaieindian di° epedyidrihe dX0¥aNLbanel DELUAEALEOLL! © X

havi ng the chem ca ormula Na20 Al120 76011t 85X
having the &b@@‘ﬁﬁweﬂfﬂﬂ“ﬂﬁ&dwﬁﬂ@ 12b203%4 qes ; Oaf’cﬂ&%@iﬁ%‘%&igiﬁbkﬁﬁgarly

preferred. 25 If desired, the sodiumoxide in the formnul e replaced
by another:ddmﬂensm&tahdoﬁdﬁmmﬂmﬂteas1m0ha&&qu6EQéﬂd%tﬁ&ea%itﬁkhakh@e earth

nmet al oxi de such as calciumoxide to form zeolites Li-X K-X, M-X Ca-X
and Ba- X, whrie@lgemdy baidso aberivdecti deichemposiant reaction will occur to
10 cause a rapid increase in temperature and pressure but the
synthetic zeolite can prevent these problems.

The synthetic zeolite suitable for use as a chlorine
trifluoride decomposer in the present invention preferably
has high aluminum content. For example, it preferably

15 contains 0.5-10 mole parts of SiO, per mole part of Al,0,.
More preferably, it contains 1-5 mole parts of Si0, per
mole part of Al,0,. Most preferably, it contains 2.5 mole
parts of Si0O, per mole part of Al,0,. A preferred example
of such synthetic zeolite is zeolite X having high

20 capability of decomposing chlorine trifluoride. Specific
examples of synthetic zeolites that can be used in the
invention include zeolite X having the chemical formula
Na,0°Al1,0,*2-38i0,'nH,0, with zeclite X having the chemical
formula Na,0-Al,0,'2.5510,'nH,0 being particularly preferred.

25 If desired, the sodium oxide in the formula may be replaced
by another alkali metal oxide such as potassium oxide or an
alkaline earth metal oxide such as calcium oxide to form
zeolites Li-X, K-X, Mg-X, Ca-X and Ba-X, which may also be
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The synthetic zeolite used as a chlorine trifluoride deconposer in the
present invention has preferably an average pore size of 4-100 A nore
preferably 4-20 A, nost 5 preferably 10 A The synthetic zeolite has
preferably a specific surface area of 600-900 n2/g, nore preferably 600-
700 M2/ g, nost preferably 650 n2/g. In the case that the average pore size
and specific surface area of the synthetic zeolite are within the stated
ranges, it offers 10 .t he advantage of exhibiting higher activity and
ach?eving L iddh tt e dIERG 4N of chlorine trifluoride. Any materia
may be used as a hIoriqﬁ}reaner in the Jjnvention as long as it can

reduce free chloritie as ec}:icgé"r?éﬁjd"gt(? 298G A% B eyt Lgravoailded
exanple is %cjo%pao@e@'ﬁf(% n g:ét{s%??gcp..ng/rlbﬁrn %rﬁlgfh%%%%selfs a iulfureous

reduci ng agent srnce it can Y& - resist ant

than the ani aﬁﬁﬁbﬁﬂﬁﬁ S a '?Qer ut, | evat ed

t enper at uresa%Pre erre es%?rfeglotefg 4013%;6[12"55 urgghe?e%éég{]l& ﬁlg%gt)gg‘nt mog t hat
may be used paeddiaral) Al 1 I GHYY Yyrthethe R H V%f}tﬁi e
sulfites, dithionitegg tetrathiona?ég gh tﬁ%%gﬁﬁfafgé, f%%ﬁ£E§; e used

ei ther al ongpeiciific RWAPHIY @rez0orL%RTI900 ﬁﬁﬂ?l Nab+&Nsr&Eestbi t £§02and
thiosul fates may preferably be used. ParticularTy 25 preferred for use are

sodi um sul f i70@, nPpyasmost prefet&bly S50 Uil A 0y fiies cddd aFHtUPhe
thlosul fate, etc. The shapes of the chlorine trifluoride deconposer and
chl ori ne remyegrageo pogreusdc el mndhapecidit curdaecenarea 6f Ithei ted in any
particular way and as |long as they are easy
synthetic zeolite are within the stated ranges, it offers
10 the advantage of exhibiting higher activity and achieving
efficlient decomposition of chlorine trifluoride.

Any material may be used as a chlorine remover in the
invention as long as it can reduce free chlorine gas to
generate a harmless salt and a preferred example is an

15 anion-exchange resin. More preferred is a sulfureocus
reducing agent since it can treat more chlorine and is more
heat-resistant than the anion-exchange resin to assure
higher throughput at elevated temperatures.

Preferred examples of the sulfureous reducing agent

20 that may be used as the chlorine remover in the present
invention include sulfites, dithionites, tetrathionates and
thiosulfates, which may be used either alone or in
admixture. For example, combinations of sulfites and
thiosulfates may preferably be used., Particularly

25 preferred for use are sodium sulfite, potassium sulfite,
sodium thiosulfate, potassium thiosulfate, etc.

The shapes of the chlorine trifluoride decomposer and

chlorine remover to be used in the invention are not
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to handle and permit efficient operation, they may assunme any norphol ogi es
I ncl udi ng pellet, bar and plate. The chlorine trifluoride deconposer and
the chlorine 5 renover to be used in the invention have preferably |arge
areas of contact with the hal ogen atons in the em ssion so that the
chem cal reaction with chlorine trifluoride proceeds efficiently to assure
efficient fixation of the fluorine and chlorine atons. It is also
preferred that 10 their contact areas are within such ranges that they
wi |l not i nckidekted hin rany fariciculan vaypasshges dondasniasi Gire eiby
satisfy these conditions, the synthetic zeolite to be wused as the chlorine
trifluoride ‘RdAMDRrANG paEtidy gfificlient mperathar, Siteer emorassunender s
havi ng sizes of 4-20 15 nmesh, nore preferably in the formof spheres or
cylinders IR MPRIROHresy e luding aadlafst hanrandimiaten the form of

spheres having sizes qf. 14-20 nmesh. The sul fureous reducing agent as the
chl orine renover ']].Zlge Eﬂb]foeﬁja&ﬂ VI qeride, dRGAMRAAS T @R they gy ofilnes of

1.6-3.2 , f . in.the f f l.i nd hayi ' f
R o e
havi [ t t f. t t. | tion,
the Compor S o4 TR T Hbosi e’ Mol BRI oms

bet veen or digaity MMMReHA H¥hI0n VIR di1charablor BqkpeqncOr di nary

tenperature and 200C, nost preferably at rdinary tenperature.” | ncreasing
the tenper atptictdedls dFELABNRSIORJ ra@%uf%nteftchaénQV@ixm%nﬁwe%% 200C i's
t he

not - 8 economcal since this brings out the need to nake

fluorine and chlorine atoms. It is also preferred that

10 their contact areas are within such ranges that they will
not increase the resistance to the passage of the emission.
To satisfy these conditions, the synthetic zeolite to be
used as the chlorine trifluoride decomposer is preferably
in the form of spheres or cylinders having sizes of 4-20

15 mesh, more preferably in the form of spheres or cylinders
having sizes of 8-20 mesh, and most preferably in the form
of spheres having sizes of 14-20 mesh. The sulfureous
reducing agent as the chlorine remover is preferably in the
form of cylinders having sizes of 1.6-3.2 mm$, more

20 preferably in the form of cylinders having sizes of 1.6-2.4
mm$, and most preferably in the form of cylindrical pellets
having a size of 1.6 mmd.

In the treatment method of the present invention, the

temperature for the treatment of the emission is preferably

25 Dbetween ordinary temperature and 150°C, more preferably
between ordinary temperature and 200°C, most preferably at
ordinary temperature. Increasing the temperature for the
emission treatment to a level that exceeds 200°C is not
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treating equi pment of heat-resistant materials to have a heat-resistant
construction. Decreasing the tenperature for the em ssion treatnent to a
| evel below ordinary 5 tenperature is also undesired since a cooling
apparatus must be used to | ower the tenperature but then the cost of
treatment increases. According to its second aspect, the present invention
provi des a reagent for treating em ssions containing 10 chlorine
trifluoride and ot her inorgani c hal ogenated gases which conprises the
conbi nat i on asfonPRkFIk | Fince | thimrhiangsendnpdee memdl @ otdke ithee r enover
Preferably, the chlorine trifluoride deconposer and the chlorine renover
are not m xddFe¥gdtheaasiPrent efdieatmranl st anterisdsarte dlave @ t he

§
em ssion treatnent. The chlorine trifluoride deconposer as one conponent
of the r eagj’rﬁantg&eogrjcﬁ § SO REIGRN as Reqreds ing thekempegsatuye

f bly t nt hetic zeolite alrea described above, with zeolite X
B(ra?ngr Sar %/i cueraﬁ%hf SPSER S eatIRe %yoorq ﬁéavreelrg&?é'ro"ﬁ orgidary ?f eLabI y
th f | f r Cls nt . The pr.qportions t he
chleor?_nggﬁi Hﬁ]%eu%ecio%n%glg% u%gd.rlécﬁltr#%gc "6 r?ecrdo & ABPAHE Yeagent
accor di ng t guidie pes QfUH &ﬁ&%‘i}ero&ﬂéé‘ng:éwﬁ:‘é%tﬂ é@#g e (e AU Of 25

chlorine trifluoride to be treate are prefer W thin the range of

from1l:1 totkdathherACGHHd ELL its third aspect, the present invention
provi des an apparatus for treating em ssions containing - 9 chlorine

trifluoride and aidrding ganiidshdegpimidedASeThe present invention

provides a reagent for treating emissions containing

10 chlorine trifluoride and other inorganic halogenated gases
which comprises the combination of a chlorine trifluoride
decomposer and a chlorine remover. Preferably, the
chlorine trifluoride decomposer and the chlorine remover
are not mixed together so that they can be applied

15 separately in the emission treatment.

The chlorine trifluoride decomposer as one component
of the reagent according to the second aspect of the
invention is preferably the synthetic zeolite already
described above, with zeolite X being particularly

20 preferred. The chlorine remover is most preferably the
aforementioned sulfureous reducing agent.

The proportions of the chlorine trifluoride decomposer
and the chlorine remover in the reagent according to the
second aspect of the invention vary with the amount of

25 chlorine trifluoride to be treated and are preferably
within the range of from 1:1 to 1:0.6.

According to its third aspect, the present invention

provides an apparatus for treating emissions containing
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whi ch conprises a first section of treatnent packed with a chlorine
trifluoride deconposer and a second section of treatnent packed with a
chlorine renover, the first section 5 being provided upstream of the
second section. In the apparatus for treating em ssions according to the
third aspect of the invention, the first and second sections of treatnent
suffice to be arranged such that the em ssion is passed through the first
section before it is passed 10 through the second section. If the first

section is PHAARQ WEifluanigle and giher tinorasndn hedogenatadgassts.eam

"t the T1roMadtt (GARHIoGs Gy i s ol &% FFAATIons RSk RE T et | on,
Flow 1t ettt LAY B dachiponie St B gesapa SEGHLOM K& o ssi on
First  sect i o ca I mackell Wi B SR IRERS EengVelc: B EiTatametonany
D oot ous ang ieid Wioulded AMEAEEONE 3K (Blbna BequIRh. L3RR, ™ O

or
al um na. | SpharaA93 & aldedt 19/ teﬁﬁsis&fo:n‘éx a%%o&laﬁnggitﬁs AR RGY azes or

If 25 it is continuously passed for a prolonged peri of time, 't

reaction w taspett @F aHen@nivienftivar, d®edFIQIROSBA sBcohlde skickibnseole ON
causes a marked increase in tenperature to nearly 200C, even if this

occurs, the treatmentnguffli¢e tecbeoarcangedesedh thatmihede@sisabat iign of
t he chlorine
passed through the first section before it is passed

10 through the second section. If the first section is
provided as a stage on top of the second section, the
stream of the emission suffices to be supplied as a
descending flow. Conversely, if the first section is
provided as a stage underlying the second section, the

15 stream of the emission suffices to be supplied as an
ascending flow. If the first and second sections are
arranged parallel, the emission suffices to be passed
through the second section after passing through the first
section.

20 Preferably, a heat insulating section is additionally
provided between the first and second sections. The heat
insulator may be a porous and inert substance such as
silica gel, natural zeolite or alumina. If the
concentration of the influx of the emission increases or if

25 it is continuously passed for a prolonged period of time,
the reaction with the chlorine trifluoride decomposer in
the first section causes a marked increase in temperature
to nearly 200°C; even if this occurs, the insulating
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renover in the second section. According to its fourth aspect, the present
invention provides an apparatus for treating em ssions containing 5
chlorine trifluoride and other inorganic hal ogenated gases, which is in
the formof a colum having an entrance for the emission treatnment and an
exit of the treated gas, said colum further conprising a first section of
treatment provided closer to the entrance for the em ssion treatnment 10
and packed with a chlorine trifluoride deconposer and a second section of
treat nent prfAtdaR Gats areventhdhegmalyfde tetrd onaddtoad ofadthendhilaakdaed with a
chlorine renover, and a_. heat insulating section being provided between the
first and SEONESER iR SeCakiBEFtdiom a heat insulator. 15 The | oadi ng

of the chlorine trifluoride deconposer in the first section varies wth
the amount of thé&%H% "Weqx’t 31tfsl douEdd Asnsstr dhecprespmitc dnvigntilonr anges

f 50 I .’ |t and. i referabl y ,about 60 volt. The | oadi ng of
tLgmchI oryg(?&roéﬁg\?%r\% n éa%saé:ilgg(f%g.eéﬁe 139 £pseirng Fé’rl?d:@s?“ﬁlnﬂp 23. vol t
to 45 t ' far . A ase that the | oadings
of the ehi Sres il Fulielion: B 3 SInky ymordandt Pl GoeRRe Sass

within the s4aldd 2RI TheOFBOAERE ial To1UPH th%gtiﬁ'ggan 8@.&&%@%‘8{;%&“6

treatnment of inorganic hal ogenated gases 25 re concomtan

chlorine triehig@iiote trEadmpRAGAGUandRe {FE RO LR tEQﬁtQﬁe?‘%@t, isgy@nti on for
treating em ssions containing chlorine trifluoride and ofher 1 norganic

hal ogenat ed cgdnam duartesc icompaisanawanittirst séctiohebeneeeh®mene
enbodi nents shown in the acconpanyi ng
provided closer to the entrance for the emission treatment

10 and packed with a chlorine trifluoride decomposer and a
second section of treatment provided closer to the exit of
the treated gas and packed with a chlorine remover, and a
heat insulating section being provided between the first
and second sections as packed with a heat insulator.

15 The loading of the chlorine trifluoride decomposer in
the first section varies with the amount of the chlorine
trifluoride to be treated; typically, it ranges from 50
vol% to 70 vol% and is preferably about 60 vol%. The
loading of the chlorine remover in the second section

20 typically ranges from 25 vol% to 45 vol% and is preferably
about 35 vol%. 1In the case that the loadings of the
chlorine trifluoride decomposer and the chlorine remover
are within the stated ranges, one benefits from the high
performance in the treatment of inorganic halogenated gases

25 that are concomitant to chlorine trifluoride.

The apparatus and method of the present invention for
treating emissions containing chlorine trifluoride and
other inorganic halogenated gases are described below with

- 11 -



drawi ngs but the invention is by no neans limted to those enbodinents.
Fig. | shows a first enbodinent of the treating 5 apparatus of the
invention. In this enbodinment, two packed colums are enployed and a
singl e packed bed is provided in the interior of each packed col um.
Stated specifically, the apparatus for treating em ssions generally
indicated by | in Fig. 1 conprises a first colum 10 as the first 10
section of treatnent which is packed with a chlorine trifluoride
deconposer &fFeredsSort® dheumnbadimentse shopdndn $het pesompanydagment whi ch
is packed with chl gri.n renover,., and the first colum 10 as the first
secltoi on of Y ?""its%ﬁ%\?'inﬁf@@tdﬁélt ASa Yoo Reals: dAmitedute tbose 15

t he second ti of treatnment. The first colum 10 has an inlet 12
t hr ough mhi%ﬁ%qéiﬁﬁ%ﬁiﬁon comng fromits source via LINflows into the

colum, a chlori@q_ rhfgﬂgﬁ%d% fq%gq”%%%gﬁﬁﬁgg&éﬁfaﬁﬁ§ﬁ%EﬁEEB t he chlorine

trifluoride deconposer, an outl et B9 obt ai ned 20

by 5Uij§ti%%p%&%t%@i%EiQﬂetﬁn%eﬁEh%Bny &?e?hggn%gkﬁﬁgmg?tChEQBiﬁgcggpunn

trifluoride deconposer bed 14 flows out o . Thé seco

20 has an i doRlumds fade eRpoveadanidhe ?&%g@% bhcﬁb@“@eﬁUHSOBrBQQgghrih

colum 10 through the outlet 16, a chlorine renover bed 24" pack wth the

25 chl ori ne thenmividleriaid oFn eadhl phckedt Booush . Whsehtbhesgasirebhanged by
secondary treatnment of the em ssion in the chlorine renover bed 24 flows

out of the sheomgppaciatms Zor taehitiegl efidsstibasggentramiyhénpicaeeyd by
treatnent is provided - 12 between the outlet 16 on the first colum 10
and the inlétin Fig. 1 comprises a first column 10 as the first
10 section of treatment which is packed with a chlorine
trifluoride decomposer and a second column 20 as the second
section of treatment which is packed with a chlorine
remover, and the first column 10 as the first section of
treatment is provided upstream of the second column 20 as
15 the second section of treatment. The first column 10 has
an inlet 12 through which the emission coming from its
source via L,, flows into the column, a chlorine trifluoride
decomposer bed 14 packed with the chlorine trifluoride
decomposer, and an outlet 16 through which the gas obtained
20 by subjecting the emission to a primary treatment in the
chlorine trifluoride decomposer bed 14 flows out of the
column. The second column 20 has an inlet 22 for receiving
the gas as it flows out of the first column 10 through the
outlet 16, a chlorine remover bed 24 packed with the
25 chlorine remover, and an outlet 26 through which the gas
obtained by secondary treatment of the emission in the
chlorine remover bed 24 flows out of the second column 20.
A line L for the gas from the primary treatment is provided
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22 on the second colum 20 so that the gas fromthe primary treatnent that
has been freed of fluorine atons by adsorption on the first colum 10 is
i ntroduced into the 5 second colum 20. The emi ssion fromits source flows
over L,, to get into the first colum 10 through the inlet 12 and forns an
ascending flow that passes through the chlorine trifluoride deconposer bed
14. As the em ssion passes through the 10 chlorine trifluoride deconposer
bed 14, the fluorine atonms in the emssion are fixed to the bed 14 and
rej ected frdmwtweemithe eutthetssiorgn vitter efliost acajlasnf ricomane fitd MATNet
treatment of the emssion is fornmed which is free of the fluorine atons.
The gas from4 HR piheesscandfakmn i e ltthatasthengesd fitomoudte tpheinzey 14
| eaves the first colum 10 through the outlet 16 and subsequently fl ows

via the |ineéqeatignt that hasthepndarehiaf thiaordmen@teossuhy 20 t hr ough

the inlet 22, Wthin the second colum 20, the gas from the primry
treat ment f SIHEOTN %é’lé?ﬁl'ﬁbe ARG realys dds 15 infrsaspeadhdnde dhiene

renover ped v h antime, the chlorine atons are renoved by
3n oG cofbi T

adsorpti on on | ne" renover, whereupon a gas fromthe secondary

treatment is for V&Bi@lsiio% ff:%‘?r’ qutg hs%‘%eorfilrb%sago%(rﬁr&é&?ﬂ soe%e{\ﬁ]l%q?gt he

gas fromthe secondary treatnent |eaves t hé'"'sec h

the outlet 3hd Gfhiediaiamad dirddyh Weiid8 et AL QR dfhs 2aSNOWs a

second enbodi ment of the treating apparatus of the invention. Tn this
enbodi nent, dsgerEbicke & rowl ThdiePastieds PG tihe KA drin® it fAfuo? 18Nl €

packed

decomposer bed 14. As the emission passes through the

10 chlorine trifluoride decomposer bed 14, the fluorine atoms
in the emission are fixed to the bed 14 and rejected from
within the emission, whereupon a gas from the primary
treatment of the emission is formed which is free of the
fluorine atoms. The gas from the primary treatment which

15 has passed through the bed 14 leaves the first column 10
through the outlet 16 and subsequently flows via the line L
until it is introduced into the second column 20 through
the inlet 22. Within the second column 20, the gas from
the primary treatment forms an ascending flow that passes

20 through the chlorine remover bed 24 and, in the meantime,
the chlorine atoms are removed by adsorption on the
chlorine remover, whereupon a gas from the secondary
treatment is formed which is free of the chlorine atoms.
Subsequently, the gas from the secondary treatment leaves

25 the second column 20 through the outlet 26 to be discharged
to the outside via L.

Fig. 2 shows a second embodiment of the treating

apparatus of the invention. In this embodiment, two packed
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colum. Stated specifically, the apparatus for the treatnment of em ssions
which is generally indicated at 100 Is a columm having both an entrance for
the emssion 5 treatnent and an exit of the treated gas, said col umm
further conprising a first section of treatnent 110 provided closer to the
entrance for the em ssion treatment and packed with a chlorine trifluoride
deconposer and a second section of treatnent 120 provided closer to the
exit 10 of the treated gas and packed with a chlorine renmnover, and a heat
i nsul ati ng SS9 AFALRFPEIRS pribite dWemiean afhe siingdee aackedcond
sections 110, 120 as packed with a heat insulator. The em ssion fromits

source flowStHHBlgh 53teq FAREIEASA1IN .o dice FRPATR e £O81 (¢ 100, where
it f ' | t hat t,h h t fi {, t f
reatnont - EoE R eR SR ek 1, Sl ralin Hotciad $dcdosn o
t t t 1 f ' | ' ' { tsid [ LOL1.. The
1 uorine. at ams 3 el Hhving St SR Rtechtel Bor M eni af18p (e

chlorinestridrldadied® HCUP WA Ik EQEEEE%%%e e%%%onsgﬁ tedLpgnt 110. The

gas fromthe primary treatnent which been eed o uorrne atons

passes t hroygirtiee %ﬁtpﬂirmilgata G rSRC 5@ 1530 olf0 th@atidhitodyeed into the

second section of treatnent 120, where 25 it is freed of chlorine atons by
adsor pti on. pHowildeld @lios@rexaniihes et eeEPF0 ithe erdERlien areatheari ded

for further illustrating the present invention but are in no way to be
taken as |i @nd packedl4ithxamghdorine trifluoride decomposer and a
second section of treatment 120 provided closer to the exit
10 of the treated gas and packed with a chlorine remover, and
a heat insulating section 130 being provided between the
first and second sections 110, 120 as packed with a heat
insulator.
The emission from its source flows through L, to be
15 introduced into the column 100, where it forms an ascending
flow that passes through the first section of treatment
110, the heat insulating section 130 and the second section
of treatment 120, from which it is discharged to the
outside via L.,. The fluorine atoms in the emission are
20 removed by being fixed to the chlorine trifluoride
decomposer in the first section of treatment 110. The gas
from the primary treatment which has been freed of fluorine
atoms passes through the heat insulating section 130 to be
introduced into the second section of treatment 120, where
25 it is freed of chlorine atoms by adsorption.
The following examples and comparative examples are
provided for further illustrating the present invention but
are in no way to be taken as limiting.
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Two SUS m ni-colums of 42 wn~ were provided. One of themwas packed with
synthetic zeolite (M ZUKASI EVES 13X- 1420B of M ZUSAWA | NDUSTRI AL
CHEM CALS, LTD.; particle 5 size, 14-20 nesh) in an anount of 260 nL to
give a bed height of 190 mm thus preparing the first section of
treatnment. The other colum was packed with a sul fureous reducing agent
(ECL-3 of SOD-CHEM E CATALYSTS JAPAN, INC. as pellets with a grain size of
1.6 mmo and a conposition 10 consisting of 25% basi c zinc carbonate, 17%
sodi um thl @%ﬂm&ﬁb—l%% alum na and 2t clay) in an anount of 260f m. to
ive a bed height of 190 rrm thus preparing the second section o
'?reat nent . Thegtv%"cb Lﬁﬁﬂé‘“ﬁlﬁg’ £ 4 aMN ¥@rien PEovddednenOngppsr at us

No_' i ut e P R 1%%%%%& TS e e S h“"”‘f%gfi&”}é{ﬁ%ﬁ% zhe
L Can T P B SO, Thopnalls, Sl oav‘fﬁa%e%@fr' A/ min and

the gas gmerging f1r40_r§d hes3HC AR a%ef%ﬂa%oand Z‘é?tz%nttoa%% %e% dary

treatnent was anal yzed. Anal yses o were Ss

SPect 1 ONet ehdIQMSteH 19D Gim ABR X gilpar 13 'txx%eﬁ:ﬂfstHQ%)ctEi 9’1 tl'% were made

by an ion chronatograph (Al-450 of D onex 25 Corporation anaIyS|s of
S02F2 Was natedbmehtdas TH CHRHEO WARMNHEE HRRKEMONALS a 981&%%%

Shi madzu Corporation). The results are shown in Table 1 below - 15 Tabl e
1 Time aftemreducing agent (ECL-3 of SUD-CHEMIE CATALYSTS JAPAN, INC.
as pellets with a grain size of 1.6 mm$ and a composition
10 conslisting of 25% basic zinc carbonate, 17% scdium
thiosulfate, 56% alumina and 2% clay) in an amount of 260
mL to give a bed height of 190 mm, thus preparing the
second section of treatment. The two packed columns were
assembled in a treatment apparatus of the setup shown in
15 Fig. 1. The emission under test was simulated by N,-
diluted ClF, which was used in a treatment experiment as
follows.
The treatment apparatus shown in Fig. 1 was supplied
with the N,-filled ClF, at an influx concentration of 1.0%
20 and at a flow rate of 667 mL/min and the gas emerging from
the second section of treatment after secondary treatment
was analyzed. Analyses of Cl1F, and Cl, were made by a mass
spectrometer (Questor GP of ABB Extrel); analyses of HCl
and HF were made by an ion chromatograph (AI-450 of Dionex
25 Corporation); analysis of SO,F, was made by a gas
chromatograph/mass spectrometer {(QP-5050A of Shimadzu

Corporation). The results are shown in Table 1 below.
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S

-46.5 hr47hr Al l owabl e em ssion's suppl yconcentrati on C1F3<0.1 ppnx
0. 1ppnD.1 ppm O 2<0. 2 ppnD. 6ppnD. 5 ppm HC1<1l ppnx 1lppnb ppm HF<1 ppnx 1ppnB
ppm S02F2<1 ppnx 1ppnb ppm Up to 46.5 hours after the start of the
em ssion's supply, the whole species (CLF3, C 21 HCl, HF and SO02F2) had 5
al ways been treated to | evels below their detection limts. After a |apse
of 47 hours, C . began to leak out in an anount of 0.6 ppm which exceeds
the all owabl e concentration (0.5 ppmas C.), so the supply of the
em ssion was stopped. 10 Exanple 1 sHiatsleé hat according to the treatnent
met hod of the i.ﬁ/ﬁﬂ_téf)ﬁ%errpl dqyi ng the apparatus of the nveaél on all

component s Jf8 the e Ssron g(ﬁul d ~atféf.sctirvel y beatrr mated |to? 9eRb1ge| quw
e

their all owaBl"&SE3REeRL FRPPEE for a period as |ong as #B°BCRBLFatiepqr
the start of em ssion's 15 supply. Conplarative Exanp|le 11 The first
section of . "rpﬂ“l%g:l 15 el =% ﬁ'lnpplllppg'xrp‘n‘ tGralt R’pript her it han
bei ng packed yhth the synthet|i &%i%lnlp (E;S th%'%DbBF"I nejtri |5J%ij,ge

.
1] adiic

deconposer, tA—Zoo—1—O+rr—a—Sth—+tH CCU.S eoadet - agent
(ECL-3 of SPDHCHEM E CATALYST$ JARApm NC. jas gehlghm Wi [h asgpgin size of
1.6 nmmtb and{a conposition congisting of 25% - 16 basic|zZinc carbonate,
17% sodi um t hHBsul f ate, 56% al|lur da ppm < 1 ppm 3 ppm

SO,F, < 1 ppm < 1 ppm 5 ppm

Up to 46.5 hours after the start of the emission's
supply, the whole species (ClF,, Cl,, HCl1l, HF and SO,F,) had
5 always been treated to levels below their detection limits.
After a lapse of 47 hours, Cl, began to leak out in an
amount of 0.6 ppm which exceeds the allowable concentration
(0.5 ppm as Cl,), so the supply of the emission was
stopped.

10 Example 1 shows that according to the treatment method
of the invention employing the apparatus of the invention,
all components of the emission could effectively be treated
to levels below their allowable concentrations for a period
as long as 46.5 hours after the start of the emission's

15 supply.

Comparative Example 1

The first section of treatmeﬁt was prepared as in
Example 1, except that rather than being packed with the
synthetic zeolite as the chlorine triflucride decomposer,

20 it was packed with 260 mL of a sulfureous reducing agent
(ECL-3 of SUD-CHEMIE CATALYSTS JAPAN, INC. as pellets with
a grain size of 1.6 mm¢ and a composition consisting of 25%
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and 2% cl ay) as the chlorine renover. The sinmulated em ssion was supplied
under the sanme conditions as in Exanple 1 to evaluate the performnce of
the synthetic 5 zeolite as the chlorine trifluoride deconposer. The
results are shown in Table 2 below. Table 2 Tine after -47hr47.5hr Al |l owabl e
em ssion's supplyconcentration CLF3< 0. 1ppnR. 1ppnD. 1 ppm Cl12< 0. 2ppn40
ppnD. 5 ppm HC1< 1lppnx 1lppnb ppm HF< 1lppnk 1lppnB8 ppm S02F2100- 400 ppnB80ppnb
ppm Up to 47 hours after the start of the em ssion's 10 supply, C1F31 O ,,
HCl and HF QRALF FnG Sarhenadecoddéntsediivgh S ioisoifiakei.r St edrimdmal i it s
but SO2F2 |ea out at very high concentrations between 100 and 400 ppm
After a Iapsaé’lég%ﬁfﬂ@ o §Ss, I‘—"g‘lé’ﬁd-nélfel"@éﬂ@é’d odtreaimudated r ati ons

exceedi ng thej.r_allowabl e level s. 15 Thys, it is clear from Conparative
Exampl e 1 thrég{is\ﬁﬁ'eoﬁl V&%fnt%]&pﬁ&eie&q%teé: G & tiiﬁthé‘Sf: t section
of treatne raf:ul, S r - praduct in rge
quantity ex?ge | néan}clt étoa%%ga\zil'va\gl%% E:tglr?gg)% %?trl%glr%’?ée a%%faes?n%‘efﬁé: Sﬁcondh
section §f LIRALTRN MRS PIBH: as s I tot rather than
bei ng packed with thg - 17 ?Lrﬁ Sr go&s%l}l%g&ngleéarenﬁté,gggf vvatl‘ggpacked W th
260 nL of amkesults are shown in Table 2 below.

Table 2
emisTsii[:l)en 'asf tsel:;ply ~47 hr 47.5 hr coﬁi:;::::tion
C1F, < 0.1 ppm 2.1 ppm 0.1 ppm
Cl, < 0.2 ppm 40 ppm 0.5 ppm
HC1 < 1 ppm < 1 ppm 5 ppm
HF < 1 ppm < 1 ppm 3 ppm
S50,F, 100-400 ppm 380 ppm 5 ppm

Up to 47 hours after the start of the emission's

10 supply., C1lF,, C1l,, HCl and HF could be treated to
concentrations below their detection 1limits but SO,F, leaked
out at very high concentrations between 100 and 400 ppm.
After a lapse of 47.5 hours, ClF, and Cl, leaked out at
concentrations exceeding their allowable levels.

15 Thus, it is clear from Comparative Example 1 that when
synthetic zeolite was not packed in the first section of
treatment, harmful S0,F, was formed as a by-product in a
large quantity exceeding its allowable concentration.
Example 2

20 The second section of treatment was prepared as in

Example 1, except that rather than being packed with the
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ani on- exchange resin (product of DONER; 20-50 nesh). The sinul ated
em ssion was supplied under the sane conditions as in Exanple 1 to
eval uate the performance of the 5 sul fureous reducing agent as the chlorine
renover. The results are shown in Table 3 below. Table 3 Tine after
-41hr41. 5hr Al | owabl e em ssion's suppl yconcentrati on CLF3< 0. 1ppnx 0. 1ppn0.1
ppm C12< 0. 2ppnD. SppnD. 5 ppm HC1< 1lppnx 1ppnb ppm HF< 1lppn< 1lppn8 ppm
S02F2< 1ppnx lppnb ppm Up to 41 hours after the start of the em ssion's 10
supply, the U e iredycdngs agept . Hitl wasF paskegopith R4@ mdl w&yanbeen
treated to |l evels below their detection limts. After a |apse of 41.5

hours, Cl2 BEGEM-EFdhange, Fesin 4pro nLoPOYEX : pBR-RRi BRsBlceedBet he

al | owabl e ca so the supply of the em ssion

Cl
was 15 stoppg' q%ﬁ%ﬁ&§WBﬁ 1?“wﬁ%ﬁb%%ﬁ@l§ﬁﬁoHn@fﬁhéﬁﬁe i fopddtions

substi tuted _for, t Ifure S C|n en al | eci es C1F31 Cl12,
HC1, HF and 2802t %&Eoé%f be %%ffgg: egFEEO WFP%BUP% it ng rise to

by~ pr odugt 5% dxauld! BakARe; o wgtrtﬂat SRLC Do Bl nafleel oot i ve

for only 41.5 hours about orter t |ve i od of
the - 18 ceogliunald @FeOlnha TWNiTABhEC 328ghble and the SU' fureous

Table 3
emislrsi;noen 'asftseu];)ply 41 hr 41.5 hr coiiiz‘:i:t:on
ClF, < 0.1 ppm < 0.1 ppm 0.1 ppm
Cl, < 0.2 ppm 0.5 ppm 0.5 ppm
HC1 < 1 ppm < 1 ppm 5 ppm
HF < 1 ppm < 1 ppm 3 ppm
S0,F, < 1 ppm < 1 ppm 5 ppm

Up to 41 hours after the start of the emission's
10 supply, the whole species (Cl1lF,, Cl,, HCl1l, HF and SO,F,) had
always been treated to levels below their detection limits.
After a lapse of 41.5 hours, Cl, began to leak out in an
amount of 0.5 ppm which exceeds the allowable concentration
(0.5 ppm as Cl,), so the supply of the emission was
15 stopped.

In Example 2 where the anion-exchange resin was
substituted for the sulfureous reducing agent, all species
(C1lF,, Cl1l,, HC1l, HF and SO,F,) could be effectively treated
without giving rise to by-products. On the other hand, the

20 treating reagents remained effective for only 41.5 hours,

about 6 hours shorter than the effectlve period of the
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reduci ng agent. According to the treating nethod of the invention,

em ssions containing not only chlorine trifluoride but also 5 other acidic
i norgani ¢ hal ogenated gases in large quantities can be effectively treated
such that the concentrations of CLF3, O 2, HClL, HF and SOZFZ are reduced
to harmess levels. Therefore, the nethod of the invention can effectively
10 be applied to treat em ssions that originate froma prolonged cl eaning
step in the senm conductor fabrication process and which contain |arge
amount s of GeBbgadtdom gifo fheasad thedds izeolidiengndotthen sy lfhireniuse
trifluoride ClE3) but also at |east one additional acidic gas selected 15
fromthe grd&HUEIHNG s8¢ -of silicon tetrafluoride (SiF4), silicon

tetrachl oride (Si,Cl4), .boron trifluoride (BF3), = boron trichloride (BCl3),
phosphor us trifI&Gﬂé&giPﬁF§P,thﬁh5§ﬁﬁ64&§ FPF@H#OPﬁdéhPPéPSPPtﬂPG@rine gas

2 d | Qr.i .. 20 Th ' ti I id
canent of _ miEmApnd Soheathing Pfs’ﬁgg 15 €8 Hﬁ?a’r- %lﬁeiﬁpﬁéﬁﬁhfﬁisgft d
I SSi LNi | QL Al ' t her .inqgrgani ¢ hal ogenat e
Casos The  PRbEcladd il GhiodSahid hioaRhialld GhigE sh 15838, . e

e ssi ons cQadkie<oRaar be elkpbiioehde 2l el Bk B8692ghe hal ogenat ed

gases without suffering a significant ormance even if it is
applied to conekatgatibhaabreetir,; df,, WIAT k¥ Ghdl MBlF! Sre reduced to

harmless levels,
Therefore, the method of the invention can effectively

10 be applied to treat emissions that originate from a
prolonged cleaning step in the semiconductor fabrication
process and which contain large amounts of inorganic
halogenated gases including not only chlorine trifluoride
(ClF,;) but also at least one additional acidic gas selected

15 from the group consisting of silicon tetrafluoride (SiF,),
silicon tetrachloride (SiCl,), boron trifluoride (BF,),
boron trichloride (BCl,), phosphorus trifluoride (PF,),
phosphorus trichloride (PCl,), fluorine gas (F,) and
chlorine gas (Cl,).

20 The present invention also provides a reagent of
higher capacity and longer life for use in the treatment of
emissions containing chlorine trifluoride and other
inorganic halogenated gases.

The invention further provides an apparatus for

25 treating emissions containing chlorine trifluoride and
other inorganic halogenated gases without suffering a
significant drop in performance even if it is applied to
prolonged treatment.
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1. A method of treating an em ssion containing chlorine trifluoride (CLF3)
and other inorganic hal ogenated gases by bringing it into contact first
with a chlorine trifluoride 5 (C1lF3) deconposer and then with a chlorine
remover. 2. The nethod according to claim1, wherein said chlorine
trifluoride (ClF3) deconposer is a synthetic zeolite and said chlorine
remover is a sulfureous reducing agent. 3. The method according to claim1l
or 2, wherein said 10 emi ssion further contains at |east one acidic gas

sel ected fMBHE HE FIAIMED S sting of silicon tetrafluoride (SiF4),
silicon tetrachlaoride (Sid4), boron trifluoride (BF3), boron trichloride

(BC13), phosphor ds M&5Hd, & derqaseang af%@@?ﬁ?qmz qqul?ﬂim@?m?ﬁg
fl [ E 15 i n as ') . 4. reagen or trea
ﬁmlug;: gﬁtsggztd{jafﬁﬂ) °arF81 _ CI‘(S%?H :%‘Pgus 314}8 l: a%;rﬁﬁznhﬂgogﬁgﬁrﬁngaﬁib,y
i
hal ogenat od A g U ST A0 RO RORY 00003 OIS e
accor di ng tQ£ﬁb§§”h coMBSE k”aﬁg'gﬂ?ﬁhaf£h“§ éﬁi%£¥§£;g§ﬂ§C1F3) deconposer

is a synthetic ‘zeolite and sal orine renpve Y&t eous reducing

agent. 6. An appahal dethela tarc%ﬂt'ﬁglg?'{ios%ilgg.ﬁ] ﬁ?”h«ﬂiegie&% 23 %.Ihl o3 n

trifluoride (CLF3) and other inorganic hal ogenate ases, C coonises

a first sectirdflelortidRAl(TAN,) Paskesposet Nid ShhPhinetis | iéb'ﬂﬁ?ea&&?lm)

deconposer and a second section of treatnent packed wth a chlorine

renmover, theaid®@hliorisie senover Hei ag splPurdedsupshuedmgohgkhe .second
3. The method according to claim 1 or 2, wherein said

10 emission further contains at least one acidic gas selected
from the group consisting of silicon tetrafluoride (SiF,),
silicon tetrachloride (5iCl,), boron trifluoride (BF,) .
boron trichloride (BCl,), phosphorus trifluoride (PF,),
phosphorus trichloride (PCl,), fluorine gas (F,) and

15 chlorine gas (Cl,).

4, A reagent for treating emissions containing chlorine
trifluoride (ClF,) and other inorganic halogenated gases
which comprises the combination of a chlorine trifluoride
(C1F,) decomposer and a chlorine remover.

20 5. The reagent according to claim 4, wherein saigd
chlorine trifluoride (C1lF,) decomposer is a synthetic
zeolite and said chlorine remover is a sulfureous reducing
agent.

6. An apparatus for treating emissions containing

25 chlorine trifluoride (C1F;) and other inorganic halogenated
gases, which comprises a first section of treatment packed
with a chlorine trifluoride (C1F,) decomposer and a second
section of treatment packed with a chlorine remover, the

- 20 -



section. 7. The apparatus according to claim®6, wherein said chlorine
trifluoride (CLF3) deconposer is a synthetic 5 zeolite and said chlorine
renover is a sulfureous reducing agent. 8. The apparatus according to
claim6 or 7, wherein a heat insulating section is additionally provided
between the first and second sections. 10 9. An apparatus for treating
em ssions containing chlorine trifluoride (C1F3) and other inorganic
hal ogenat ed _ gases, which is in the formof a colum having an entrance
for the eni S35t Seciifnbednd Hrolidedopsitaeame sfethgasecosd d col um
further conprising a first section of treatnent 15 provided closer to the
entrance fquﬂ%}éﬁﬁssion treatnent and packed with a chlorine trifluoride
(C1F3) deconposer, and a second section of treatnment provided closer to the

exit of the 'treat’®f FRPURFITACEOTHIN FOCFIGAME -+ ¥RG¥FEAD s24d a heat
e o bR R A R A, o6 Eengod0r 1550 SPReREELQY S0t ono
5 zeolite and said chlorine remover is a sulfureous reducing
agent.
8. The apparatus according to claim 6 or 7, wherein a
heat insulating section is additionally provided between
the first and second sections.

10 9. An apparatus for treating emissions containing
chlorine trifluoride (C1lF,) and other inorganic halogenated
gases, which is in the form of a column having an entrance
for the emission treatment and an exit of the treated gas,
said column further comprising a first section of treatment

15 provided closer to the entrance for the emission treatment
and packed with a chlorine trifluoride (ClF,) decomposer
and a second section of treatment provided closer to the
exit of the treated gas and packed with a chlorine remover,
and a heat insulating section being provided between the

20 first and second sections as packed with a heat insulator.
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