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VETHOD FOR' REMOVI NG |I'NORGANI C HALOGENATED GAS BACKGRCUND_CF THE
| NVENTI ON The present invention r 73_#{1;8;3 :ﬁ’ﬂﬂa
:an inorgani c hal ogenated gas. The inorganic aI ogeﬂag y be
present in an exhaust gas produced by dry cl ik at us for
produci ng a sem conduct or devi ce using ClF[err] An appar at us

for formng a thi h s..i.s used to produce a
sem conduc?or dev?’gtevhlo?n?é& RﬁO%J%&WW?ﬁ@éﬁﬁW%q A% attached to
i nner surf pi pes of the apparatus. Such
conponent f%c?isﬁum% ?%%W%utomt ically cleaned by a cleani ng gas
such as d F3. creases

anount of a cleani n? gas sucﬁ'I chees 6 k%celtr'?%rbo?of ]Elzé%m?wgend

to increa [r
which is ?\élhghl y toxic an | cz#&? gé{asq{P ow asq{glid%%a% a‘koer,

the exBausia@ase pres&dntmi en hatHubt Gpse ﬂ&h’bé& FaRy rd1eatifh
BF[err], Bc?li?err] r&PSF[err] PC13, ClZSpFZ and s%onf-{r e%ar% an

bypr oduct sappar i fuyr tmducing:wmmer&axdﬁté:hedéﬁ@e fhd g Toeref or,

Is desirable to 20 establish a nethod for renoving these harnful gases

JP-B-177/ 1994 praap@pparated fotr fSormping fay/itlgimEilm swethaasta gD

cont ai ning CLF3 by conbi nation of iron oxides and an al kal i ne agent

such as cappapatusirickiused o produxddia i semicondicor ubdetcdy and ad kal | ne
~aqueous solution and 25 dry renoval by soda |line, activated alum na are

gener al | y componanid i@ ctthe thin film ks tghtachedrtomtiner sinfacts afe of

"soda Ibme and | .
a housing and pipes of the apparatus. Such component for

the thin f£ilm is automatically cleaned by a cleaning gas
such as ClF;. As a diameter of a wafer to be worked
increases, an amount of a cleaning gas such as ClF, and a
period for cleaning tend to inquase. An exhaust gas of the

15 cleaning gas contains ClFs,‘whicg is highly toxic and which
has TLV as low as 0.1 ppm. M;reover, the exhaust gas
contains harmful gases such as SiF,, SiCl,, BF,, BCl,, PF,,
PCl;, C1,, F, and so on, which are byproducts in cleaning the
components for the thin film.' Therefore, it is desirable to

20 establish a method for removing these harmful gases.

JP-B-177/1994 proposes a method for purifying an

exhaust gas containing ClF, by combination of iron oxides
and an alkaline agent such as calcium hydroxide. 1In
addition, a wet scrubber by an alkaline aqueous solution and

25 dry removal by soda lime, activated alumina are generally
conducted.

In the latter method, the sole use of soda lime and

activated alumina as a treating agent cannot remove ClF
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activated alunina as a treating agent cannot _
2 bl ow a value of TLV Moreover, the reaction of the treating agent

agent has limted capacity to renove SiH BF3, BC13,

with CIF3 nmay produce byproducts of Cl12. Hr DGEPDL RS BEEN the treating
i |

£y

! REPLSCES' 1],
PF[err], PCl[err], Cl2 and F2, mhlch7g?{§ge_d#sehafgpd*wrt'th5 CIng f
Th th | ] JR-B-1 may_ solve e problemo
(he afor enthdy o cTALIEIGE LY Mok ek iy ihe Teaqhish, a%ithe HPLRING on
i d d I | ' 4 t apaciLty,.to renove a
IO)a(tlr ggsa?rgu?\?é%? ‘lg?lc:? gglrfl’?ﬁa?o e gﬁééggéﬁefﬁemcﬁﬁ'a#?%@%%ﬁe use of

CFlerr | i e ' 0, ct fer.
Vor cover, TRO#EAtng 0Bt |RES CRERSLCM NEDAELEY EOTRARRYE BT BicK.
treating agent Bray, reRC! pelh Ehe sdaps! WHATH hal YU schardd® et ther eby
I ncreasi ng tenperatures. The incieased " 15 tenperatures may [Fead to

decr eased @xrf.ormance for renoving t he harnful gases. SUMVARY  OF
THE | NVENTI ON According to one aspect of the present invention,
there is providethe methodl foracesridmge ani tmoIB<B+ L77 200 98l iRoenad Bk gas,
said nmethod conprising the sequential steps of : exposing a gas _
cont ai ni ngtke prehlemief Mo Eforetenttoned ptobl¢m! edtie aetheid with oxi de
and a synthetic zeolite, and t hen exposing the gas to an anion
exchange rég rcombination of nixer xidestandvamtabralinefagemt has he

i norganic
Shalh - still limited capacity to remove a large amount of C1F,,

10 which is associated with an increased use of ClF, along with
an increased diameter 6f the semiconductor wafer. Moreover,
as an exhaust gas has an increased concentration, the
treating agent may reéct with the exhaust gas to produce
heat, thereby increasing-tgmperatures. The increased

15 temperatures may lead to decreased performance for removing
the harmful gases.

SUMMARY OF THE INVENTION
According to one aspect of the present invention,
there is provided a method fof'removing an inorganic

20 halogenated gas, said method comprising the sequential steps
of: exposing a gas containing an inorganic halogenated gas
to at least one of iron oxide and a synthetic zeolite; and
then exposing the gas to an anion exchange resin.

In the present invention, preferably, the inorganic

25 halogenated gas is at least one species selected from the
group consisting of C1F,, SiX,, BX;, PX; and X, where X is a
halogen atom. Further preferably, X is a fluorine atom or a

chlorine atom.
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25 hal ogenated gas is at |east one species selected fromthe gr oup
consisting of CF[err], SiXerr], BX3, PX3 and “¥S a hal ogen
.atom Further preferably, X is a-fluoring=# 'qegrgAsmEENc | ori ne at om
Preferably, the inorganic hal ogenated gas UIROBED iF3, SiF4, Sid4,
BF3, BCl[err], PF3, PC[err], C2 or F2.tFurwlﬁgzszsfwvreFErably, t he

nor gani ¢ hal oggnaked, g5 cagm aﬁgiggnﬁkéi:"lio epatsd, gas, PoRbEiadsy: 1he

ani on exchange resi up reprgéen a follow ng

formla cip,. siF,, s17d?£((ﬂR[§f~fJ )fiﬂaergrbg PCL. Gl oF ¥ wher hE}tFL?:”] and R2

are sanme or erent and’are® en ot err] al kyl,

whi ch maypbgravphit Uitgd B¥ios ghﬁﬁc halo%%n%i@@?ﬁ%sgE%H&rlses C1F,,

According to anot her aspect of the presént invention, thereis

provi ded an apppiafFegabdiy,r €HBVaALoaAN ektBaBe &esin cbalbﬂgeat ad gas,
conprising: a first packed bed containing 15 iron oxide or a synthetic
zeol i t®; amind geoapdreptisdnited by a FolllowdngoEvathula:a downstream of the
first bed and cont ai ni ng an ani on exchange resin.

Preferably, an apparatus further conprises a col um; and a perforated
partition for defining a first conpartnent 20 and a second conpartnent in
the col um, the-N{Rgx(R;) conpartnent containing the first packed bed, and
t he second conpartnment containing the second packed bed. Preferably,

wherein R, and R, are same or different and are
10 hydrogen or C, to C, alkyl, which may be substituted by amino
or hydroxy group. .

According to another aspect of the present invention,
there is provided an apparatus for removing an inorganic
halogenated gas, comprising: a first packed bed containing

15 4iron oxide or a synthetic ieolite; and a second packed bed
being disposed in a downstream of the first bed and
containing an anion exchange resin.

Preferably, an apparatus further comprises a column;
and a perforated partition fof'defining a first compartment

20 and a second compartment in the column, the first
compartment containing the first packed bed, and the second
compartment containing the second packed bed. Preferably,
the apparatus further comprises: a first packed column
containing the first packed bed; and a second packed column

25 containing the second packed bed.

BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 1s a cross section of an apparatus of one

embodiment in accordance with the present invention.
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the apparatus further conprises: a first packed col um cont ai ning the
first packed bed; and a second packed c@gFamr—25>=centalt-ning the second
spacked bed. BRI EF DESCRI PTI ON OF THETIDRANANGIAS BEEN Fig. 1is a
cross section of an apparatus of one enbBEPLRDEDI N a {:or dance with the
present invention.

2 1 JUL 1998

of anot her er%‘gdl fert #n CXOES %ﬁ?(??&

DESCRI PTI E S ac nce with a
met hod of Oﬂg@é&%\?gﬁﬁ n\%'a%%t%l on, %%S%I{;’stﬁv Bfe s:fé’t g"fﬂ a?’h ‘an i norganic
hal ogenat eGhGRIPTTON there yi#z% (ﬂﬁqﬁﬂj d ron oxide and a

synt hetic Zeolite, X1 ng the I norgani ¢ hal ogenat ed gas Wi t h

the treating agenh BechRtEntd with & HEtkba Bf WA ilbsent UGN, 10

For exanple, CF[err] reacts with iron oxide such a

[err] 515first1yS @& lga bon@a'ﬂn@.nrd drﬁ%&fo%dﬁrﬁﬂ: %M&Hﬂé& gdd f@iety in

t he synthetic zeolite as foll [err
exposed to at least one of iron oxide and a synthetic

I’OSS sectlon Of an a arat us

;eolite, thereby fixing the inorganic halogenated gas with
the treating agent by forming, for example, a fluoride
compound.
10 For example, ClF, reacts with iron oxide such as Fe,0,

as follows.
3Cl1lF, + 2Fe,0; = 3FeF, + FeCl, + 30,

15 Similarly, ClF, reacts with an Al,0, moiety in the

synthetic zeolite as follows.
3ClF, + 2A1,0, — 3AlF, + AlCl, + 30,

20 In accordance with these chemical reactions, fluorine
atoms in trifluorochloride are fixed as iron fluorides or
aluminum fluorides. However, chlorine atoms in
trifluorochloride are converted into gaseous Cl, in addition
to FeCl, and AlCl,. Although a portion of Cl, is removed by

25 iron oxides or the synthetic zeolite, most of Cl, passes
through the adsorbent much earlier than the other inorganic
halogenated gases since the iron oxide and the synthetic

zeolite have limited capacity to remove Cl,.
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20 I n accordance with these chem cal reactlousrﬁékugrlne ~atons in
trifluorochloride are fixed as iron fluord ’Uﬂ:_.,kggaﬁmn m fl uori des.
:However, chlorine atons in trifluoro ﬂﬁfﬁﬁép§g@ gonverfied i nto gaseous
Cl[err] in addition to Fed 3 and AlC|[err] B% -a"portlon of
Cl[err] is removed by 25 iron oxides or synthetlc zeolite, nost of

c thrqugh the adsorbent puch ear| th the oth
norgan G h R %Zggs?%éesgﬂeg‘irfangiirbﬁr G4ERCSTy Rt ¢

gelte havens?*méed 3} C'% oI Sk IAI96eR (5o HOVeFeTy e
synt het'C,&osQA#m%r e B £IERA ol HE NSl 17on ofB3ba0bxt 1E

di hal ogen "gas pass rou rén~oxi des or tic
zeolite. nthdtidcHy e with the nethod of the present invention,
subsequent y, ﬁ%e gas that passed though the iron oxide or t he

syntheki ¢ zeol i iy, Iscdd¥ddiffe QHRGS athd qnafhwm the W%«éﬁfbﬂ or
removi ng the dihal ogen gas X2 such as C[err] f% di hal ogen gas

therein r engiseqidit 1he HE Ofaexalon gRas Sl rﬁmxﬁgzswﬁ@atréme»didwlmen gas
I s absorbed by the anion exchange resin. For exanple, the

reacti on nghe heystivtiazdalitesis furflser |edposed to an aviorein Rlerr], R2
and R3 are sane or different and are
exchange resin for removing the dihalogen gas X, such as Cl,.
T The dihalogen gas therein reacts with the anion exchange
10 resin so that the dihalogen gas is absorbed by the anion
exchange resin.

For example, the reaction may be shown as follows:

xz + (R:,)(Rz)(Ra)N - _[(Rl)(Rz)(Rs)N]+ + X

15
wherein R,, R, and R, are same or different and are
hydrogen; C, to C, alkyl, which may be substituted by amino
or hydroxy group; or C, to C,, aryl, which may be a part of a
repeating unit of a polymer cﬁain; and
20 X is a halogen atom.

The present invention is explained in further details.
Iron oxide used in the present invention preferably
consists essentially of Fe,0,.
Zeolite used in the present invention preferably has a
25 large aluminum content, and the zeolite may contain 1 part
by mole of Al,0, and 0.5 to 10 part by mole of SiOQ,,
preferably contain 1 part by mole of Al,0, and 1 to 5 part by

mole of Si0O, and further preferably contain 1 pdrt by mole
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hydr ogen;

Cerr] to (Jerr] alkyl, which may be substituted by am no or
hydr oxy group; or C6 to Cl4 aryl, which ] -0 repeati ng
sunit of a polymer chain; and 20 Ié%i 1?§§éagfﬁ ~ The
present invention is explained in furth defar1 d I ron oxide
used in the present I nvention preferably consists esSentiaIIy of

Fe[err]( err]

has a 25 Pgrag'z%i &M%Lﬁh%‘éﬁ%lﬁt ad"r}gq} é“°z]lﬁ)l ggsjr%g; L*g%fg?tﬁp eferably

27y B B A T S 2

SiOferr] aﬁg Urtmgl B5H& &ﬁf@%ig&oﬂﬁafge zQ?iEth errfep%%ced b%ple

6 of A12 err| and abou

. “,

exa

t he ZeO"tanbéﬁbﬂgaikﬁﬁﬁnhb%agfSH%%Oaél%Q%a%sﬁ%hphﬁﬁrhnn%ﬁ aFtﬂfed
The sodiumoxide in the zeolite nmay be replaced by anot er al k
nmetal sjichmatapokachi ue eadcaams! kald seaohh @héehébl§ﬁ€hm§? Kave sy and
so on. The zeolite may have an aver age pore di aneter 10 angstrom
and a specaterager pare diametegaof! 105@ng@tdion ERdCE BPecdfa® surface
An ani on exchange resin used in the present invention may have a
framewor k eoesi ofi A§0csquareamereaf parcgmaminmer 10 of styrene and
di vi nyl benzene and a plurality of anion exchange groups bonded to
benzene rings of Anhandonr exchande residi vsed Bentbeeprekeniniowentibange
group may be an am no group represented by a follow ng formnula:
~may have a framework consisting essentially of a copolymer
10 of styrene and divinylbenzene and a plurality of anion
exchange groups bonded to benzene rings of the styrene and
divinylbenzene. The anion exchange group may be an amino
group represented by a following formula:
15 -N(R1) (Rz)
wherein R, and R, are same or different and are
hydrogen or C; to C, alkyl, which may be substituted by amino
or hydroxy group. Both R, and R, may be C, to C, alkyl and
20 preferably methyl.
Preferably, the anion exchange resin has a water
content up to 5 percent by weight for increasing its
capacity to trap the dihalogen gas such as Cl,. For example,
the anion exchange resin is dried at 100°C for 8 to 12 hours
25 4in advance.

In referring to Fig. 1, an apparatus 10 has a column
12 defining a bore extending therethrough. Perforated

partitions 14, 16, and 1B are disposed in the berquf the
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15 -N(Rlerr])(Rerr]) 1d R2 are same or
different and are hydrogen or Clerr , jwhi ch may be
.Substituted by am no or hydroxy gr and R2 may be
Cerr] to (Jerr] alkyl and 20 preferabl - Preferably,

t he ani on exchange resin has a water content up to 5 percent by wei ght

for |ncreaS|n to trap thg di ha as such as Cferr

43, e SGRAELEY 20998 I
For exanpfolumn 12..,.The, partit ﬁﬂﬁeaF%sPﬁr eratedd atp BE[EFFPESPOP“8 to
12 hours

has a col &mrgﬁnigﬁgéé‘feﬁeﬁadagsare @&%Eﬁ%ﬁ%’aﬂgﬁsﬁgﬁfgaﬁo BT orated
P ol ke, ‘*’%H‘é“'}%gr e eBre BB bR BB edbe R R it an

{nor gani ¢ §ORpAREARNET 287 an BN e HOR R B M ohO 16 ppcliQa el (h the

perfor ate It on I nNes a corrpart nent
per f or gt e%haa? &:‘fb?ﬁtéﬁ sh%qwbhh 185 de#a nRe" faorseeeaapero&ﬂptaﬂneh% %f' nes a

second conpar in the bore of the colum

first congar&ﬁgnboga eENtakncedumnpagked bed 23 contalnlng iron OX|de
or a synthetic zeolite. The second conmpartment 24 containing a packed

bed 25 is di spoThd farst ¢Omgaptmehtarrotohiteininked badkad ded ce@ntai ns an
ani on exchange resin 25.
containing iron oxide or a synthetic zeolite. The second
compartment 24 containing a packed bed 25 is disposed in a
10 downstream of the packed bed 23 and contains an anion
exchange resin 25. |
The iron oxide, the zeolite, and the anion exchange
resin may have any configuration such as particle, bar, and
plate configurations. Preferably, the agent is finely
15 divided for increasing a surface area thereof. The iron
oxide may have a size of 6 to 12 mesh. The synthetic
zeolite may have a size of 14 to 20 mesh. The anion
exchange resin may have a size of 20 to 50 mesh.
An inorganic halogenatee'gas or an exhaust gas
20 containing the inorganic halogenated gas is introduced to
the apparatus 10 through an inlet 26, and the gas is exposed
to the packed bed 23 containing the iron oxide or the
synthetic zeolite. Subsequently, the gas is exposed to the
packed bed 25 containing the anion exchange resin and
25 discharged from the apparatus 10 through an outlet 28.
It is unnecessary to heat the packed beds 23, 25.
Even though the gas at room temperature is introduced to the

apparatus 10 at room temperature, typically cheﬁical
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‘The iron oxide, the zeolite, and the ani on exchange resin may have any
configuration such as particle, bar, andi =7, Are-configurati ons.
.Preferably, the agent is finely 15 divlggas§gJ§i %@§§#ﬁ§ a surface area
thereof. The iron oxi de may have allsize oY 12 ndish. The
synt hetic zeolite my have a size of 14 to 20 nesh. The anion

exchange resi have.,a si .z f .2 50 nesh. An_i norgani c

hal ogenat & agggggx% &2‘ g:}?ﬁaé’?t(ﬁ‘&i be%otzg’or%eéﬁerﬁaﬁ:ﬁ lhﬁ@tl r?&ﬂggw hE) %glghat ed
gas is in t h at 1 u ap i t apd the gas
IS expose%58%g%ﬁgg ?ﬁé pggtegxgﬁgié3 g%ﬁt ?%?%8 ?Eg ??oﬂggxfégc%rg he

synt heti c j4@all begegubsequently, the gas is exposed to the packed bed
25 containing the anion exchange resin and 25 discharged fromthe

apparatus 10 thrgugRidneRiboliiined®, a gas movels! upS thRdRGRSEARY O heat the
packed beds 23, 25. Even though the gas at roomtefperature is

i ntrodsicedpparaftes 10 faioRAtdlelbottoni tOURd &iBRAr ahUternh¥Rredy| yacheni cal
8 reactions in the packed bed 23 generate heat and warm up the

appar at us ga@. magr mexvemdown ttheouatk athebapparatays ofaFidg.01 fromakbie

200[ err] C In this enbodi nent, a gas noves up through the 5
appar at us tdop ftoorhehdoltdomom In the lapteal embodimenty, the packgdsbedy nove
down t hrough the apparatus of Fig. 1 fromthe top to the bottom In

t he | att edsemeveinsedt aliskie packed bed is reversed al so.

Fig. 2 shows anot her enbodi nent of the present
4 _ Fig. 2 shows another embodiment of the present

10 invention. An apparatus 30 has a packed column 32
containing a packed bed 34; another packed column 34
containing a packed bed 44; and a connection 36 connecting
the packed column 32 and the packed columﬁ 40. The packed
bed 34 contains iron oxidedor the synthetic zeolite, and the

15 packed bed 44 contains the anion exchange resin.

A CVD apparatus 50 generates an exhaust gas containing
an inorganic halogenated gas, and the exhaust gas passes
through a connection 56 and is introduced to the packed
column 32, and the exhaust gaé'is exposed to the packed bed

20 34 containing iron oxide or the synthetic zeolite.
Subsequently, the exhaust gas passes through the connection
36 and introduced to the packed column 40. The exhaust gas
is exposed to the packed bed 44 containing the anion
exchange resin, and discharged from the apparatus 30 through

25 an outlet 46.

EXAMPLE
The present invention is illustrated by way of

Examples hereinafter. However, the present invention is not
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10 invention. An apparatus 30 has a packed col uim 32 containing a
packed bed 34; anot her packed colum 34 A xckgd bed 44;

sand a connection 36 connecting the_packg' E packed
colum 40. The packed bed 34 contains i : _Syithetic
zeolite, and the 15 packed bed 44 contai ns l&he—aol Fr—€7 Jjeé resin

A CVD appanghiis e ﬁ%aﬁl%%i%g?st glaesss .cont aini ng an i norganic

hal ogenat ed gas, an aust through a connection 56

and is intﬁﬂ#ggﬁaﬁ%?o§&%ﬁﬁﬂgpked colum 32, and the exhaust gas is

exposed to the packe e O 34 containing iron oxide or the synthetic

zeolite. Sulas el Yradleh I h tion
s @4 ade %feé@ﬁ&ﬁ%e&ﬂ%#ﬁ%ﬁ%ﬁﬁ%ﬁ?fﬁ%%sah%?ﬂ%%?ﬁ a

36 and introduced to the packed col umm 40. posed

to the packsdinaeithlc SpnFiguratith FI a dianPREE 40F 3 wa"d
dischargedk??bn1the apparatus 30 through 25 an outlet 46. EXAMPLE

The preSenipackedbyoa ipacklings ageintd tey fiin & packed B IRS gy @ nafter.
However, the present invention is not
9 li m hedghyt bife 50ommw Bgchxefpthe. packinBehgeatcRaExabfhercially
A colum made of poly(tetrafl oroethyl ene) and having a cylindrical
confi gur at pyaivablea anidaimeden partdoie warnfiguradiden .byAaspatkengcagent to
form a packed bed having a hei ght of 50 nm Each of the packi ng agent
was conmer éegilife having a formula of Na,0-Al,0,-2.5Si0, had a particle
3 diameter corresponding to 14 to 20 mesh, the anion exchange
10 resin, which was drigd to have a water content up to 5
percent by weight, had a particle diameter of 20 to 50 mesh.
Iron oxides and calcium hydroxide had particle diameters
corresponding to 7 to 16 mesh and 6 to 10 mesh, respectively.
The anion exchange resin pad a framework consisting
15 essentially of a copolyme£ of styrene and divinylbenzene and
a plurality.of a species represented by a formula -N(CH,),
bonded to benzene rings of the styrene and divinylbenzene.
A sample gas was introduced into the packed column at
room temperature with a flow fate of 300 ml per minute and
20 LV of 24 cm per minute. A sample gas has one percent by
weight of one of ClF,, Cl,, SiF,, and BCl, and the remainder
being a carrier gas of dinitrogen. Concentrations of the
inorganic halogenated gas was determined at the inlet and
putlet of the packed column. With regard to analysis of a
25 gas at the outlet, the outlet gas was introduced into an
alkaline solution for absorbing the gas, and the amounts of

Cl and F in the solution were analyzed by ilon exchanée

chromatography and a detecting tube process.
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‘avai | abl e and had a particle configuration. A synthetic zeol ite having

a formula of Na[err] O Al2(err].2.5S (Jerr] Hete—==. di aneter
.corresponding to 14 to 20 nesh, the anion ekcHHBGEHEETGAS BN || whi ch was
dried to have a water content up to 5 erceﬁ%E?BAQﬁﬁgﬂn ad a

particle dianmeter of 20 to 50 nesh.
had particle dleﬂete corres

respectively. TRAEPAR; gRSeYeRa

oxraes and caIC|un1hydrOX|de

RERY 33 Sphged £ FERO PSR ot ing 16

isting 15

essentlall I r y e | I a

Blurallty §}8%n58§§£§sfg§p g%e%ﬁfgﬁ% O%EEE%hu QXa%?%ﬁS%%e %ﬁ cboﬁlde

enzene r s e gas was
i nt roduce I hto t%e p%c?ree %ﬁa& sdgélﬁﬁ ;%l?n%toenﬁpeenrtal:tautrieo Wi tE'HQ flowrate

of 300 ni EﬁhlgbﬁBlS éBﬁceﬁQraEYoﬁE &% @ﬂf?erCﬂ1”¢h§‘ angagehe has one
|F[err] and BO [err]

per cent by wei ght of one of C Ferr], Cl[err
and the remai pgRr 0.5 ppal,Ng gpﬁaahaes o&g@padﬁmmymy Concentrati ons of
t he i norgani ¢ hal ogenat ed gas was etermined at the inlet and

outl et of the pphkedesalltBnar¥Vl shotwvAgahdTablenadl.ysis of a 25 gas at the
outlet, the outlet gas was introduced into an al kal i ne solution for
absorbi ng the gas, and the anpbunts of C and F in the solution were
anal yzed by ion exchange chromat ography and a detecting tube process.

10 Tabl®hd sanpl e gas was kept introduced to the packed col um
until the gas at the outlet contained one of AF3, C 2, SiFlerr], and
-:!BC13 beyo toi O TG

and BC. 3 are

Rl el oS e S-Sl GG B e
concefératlons of AF3, d 2, SlF[errA:Lnount 803 are Gases(l/l)

packing agent ClF, Cl, SiF, BC1,
synthetic zeolite 12 10 20 10
anion exchange resin 40 30 2 2
15 Fe,O, 10 2 20 35
ca(CH), 0 10 15 20
An amount of a removed gas refers to an amount of a
20 removed gas in liter per one iiter of a packing agent.
Table 1 shows that the synthetic zeolite has
relatively high capacity for removing Cl1F,, Cl,, SiF,, and
BClagases. On the other hand, the anion exchange resin has
high capacity to remove Cl1lF, and Cl, and low capacity to
25 remove SiF, and BCl,. Fe,0, has reduced capacity to remove

ClF, and Cl,, comparable capacity to remove SiF,, and
improved capacity to remove BCl,, compared to the synthetic

zeolite. Ca(OH), has limited capacity to remove Cl,, which

is as little as 10 liter per liter and about one third of
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50.1 ppm 0.5 ppm 3 ppmand 5 ppm respectlvely The results

are shown in Table 1. Table 1 19 BEENZl

Amount of Renpbved Gases(1/1) packi ngi agﬁ@tsHEET HA% i Cl F[err]
Ol[err] SiF4 BCL3 synthetic zeol |\ & merLaCED__goll g 20
10 ani on exchange resin 40 _M;ggzﬂz;;g’z Ca?CH}g

Fe2g err 1Q 2

0 q10 } the §n1°DZGXChange resin. an anount of a renoved gas refers to an
amount of L gas in liter per one liter of a packing agent.
Table 1 sh hetic zeolite has relatively high capacity

Vi d Si,E4
Lg;dre?ﬁglgglonFFxcﬁghgg%%gg thgfa%qg %'HEQL§§§8|39 ?5;?@ CFE e?r]
d d aGi re
Feduced casoiiin 22 5aRCE Opifarizal SO sdnat 18 Vﬁ?grr%ard]éﬁng%c%:?;

to remoye JoFhm afd was madl’ @¥e 0Q§Q%@&Eﬁfﬁﬁo&%@%ﬁ%l@GBberr%hecff?gﬁed to
the synthetic zeolite. Ca( limted capacity'to renove 2,

whi ch cbsipastient! @2awak0paicked pefthl &l packed deaub3oRavihyrd of
t he ani on exchange resin. Examples 1 and 2
height of 72 mm. In Examples 1 and 2, Fe, 0, and the
synthetic zeolite were used as the packed bed 23,
_fg ~respectively. The second compartment 24 was packed with a
. 10 packed bed 25 havingla height of 72 mm. In Examples 1 and 2,
the anion exchange reéin was used as the packed bed 25.
Fe,0,, the synthetic zéélite and the anion exchange resin
were the same as those in Reference Example.
A sample gas was ingroduced into the packed column
15 through an outlet 26 at f;om temperature with a flow rate of
1,300 ml per minute and LV of 104 cm per minute. A sample
gas had 0.21 percent by weight of ClF,, 0.38 percent by
weight of Cl,, and 0.25 percent by weight of SiF,, and the
remainder being a carrier gas:of dinitrogen. Concentrations
20 of the inorganic‘halogenated gas was determined at the
outlet of the packed column. The sample gas was kept
introduced to the packed column until the gas at the outlet
contained one of ClF,, Cl,, SiF,, and BCl, beyond its |
permissible concentration.

25 The result is shown at Table 2.
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An apparatus 10 of Fig. 1 was used in Exanples 1 and 2. Col um 12 had
a cylindrical configuration with a dianeter of 5 40 mm and was nade of
‘pol y(tetrafl uoroethyl ene). The first é-%&b:paeﬁed with a
packed bed 23 having a hei ght of 72 nnt BIRRPEEE HASBREN ) Fe2O err]
and the synthetic zeolite were used as th pac WEED3,
respectlv%I e second conpartnent 24 was packed with a —I6—packed bed
25 havi ng 3 ht of 72 nm |In Exanples 1 and 2, t he ani on exchange
resin was used as the packed bed 25. Fe208, t he synthetlc zeolite and
t he ani on EXCTTdlNnye s reTetire—same—as—tirose—rr—Refe=ence EX&TTD' e.
A sanple gas was intr h cked col um ough an outl et
26 at roonttenneraturgggﬁﬁﬁng ?gmg ?m?ﬁ'éf 1ﬁﬁ% n% m nute and LV
of 104 _cmper mnute. A sa gas had O. 21 percent by wel ght of d F3,
0.38 prrcE pmg}e 1 \weight 69 Clerr], and 0.25 percer@lby weight of
SiFlerr], _and E e remai nder being a carrier gas of dinitrogen.
Concent r aFXBMEL28 of the $%@rgani ¢ hal ogenat ed gas weladet erm ned at the
outlet of_fhe packed column, The sanple gas was kept | ntroduced to the
packed colum until the gas at the outl et contained one of CFferr],
Cllerr], SiF[err], and BO[err] beyond its perm ssi bl e concentrati on.

25 The result _is_shown at Table 2. .
12 Tabl e 2 10 both Examples, C3yJpakef Higst Akevye the Passed Gas

10 permissible level. The treating time up to the leakage is

. -}

longer in the combination of the synthetic zeolite and the
anion exchange resin than the combination of Fe,0, and the
anion exchange resin.
Comparative Example 1

15 In Comparative Example 1, the apparatus of Example 1
was used except that the aﬁion exchange resin of Example 1
is replaced by Ca(OH),. The packed bed 23 of Ca(OH), had the
same height of 72 mm. The same sample gas was introduced to

the apparatus in the same conditions as Example 1.

20 The result is shown at Table 3.
Table 3

25 Treating Time (min.) Passed Gas
Comparative Example 1 120 Cl,

Cl, leaked first beyond the permissible level. The

30 treating time up to the leakage is half of the treating time
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5 Example 1 240 ‘Cferr] Exampl e 2

360 Clerr] pe==m=ta-both. bxanples, C[err]
.| eaked first above the 10 pernissible | evelr’;.\TFN%m{fEE&%@@EEE@ up to the
| eakage is - | onger in the conbination o Lt_t]e BERLAeknC zeofite and the

ani on exchange resin than the conbination of® smeeadl QNI ON
exchange r.esi.n. arative

Co ti Ex | 1. 15 |
Exanpl e 117 @%@M@a%%%%t%etﬁfw%ﬁg})% A4 ani on

S e AT S g AU B B
‘ i iti Ex 1. 20
The resul CTDIBRFHETLOHHIR0] Aifa ' thd MR e Wesfiz. BarPl €
Treating Tinme (g )preaeﬁg;rsr%fﬂflegg%gg ﬁngwao%atfg ; \@(aéﬂﬂi%o]rgoa[neiﬁ eve120

Clerr] rst beyon e perm ssi | .

The 39 t 1RAldJahaltE dis ldhd 1 hRMALE dverd f1a¥igd handufatdsg time

13 in the conbination of the synthetic zeolite and the anion
exchange Hegrgadi¢ ®RAddeinated ddie WRdbig indfeddind@a service life

of the packed agent.
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conbi nation of Fe2Q err] and the ani on exchange resin. The

present invention an inorganic 5 hal ogenated gas and to
‘-renove even a | arggmwmmﬂ ﬂ'mn! lnorganl ¢_hal ogenated-gas.— her eby

i ncreasing a service " e packe %g@ﬁéhhhikhéjdLLN“h

14 WHAT IS CLAIMED | S: : A net hpd T okrspeARYDNY an 1|norgan|c

halogenatedwﬁﬂ§ thod conpri siny teps of:
exposi ng a gas c%%t%%ﬁ?ﬁgg gglnorganlc hal ogenated gas 5 to at |east one

of iron oxige andy am§¥ﬂéae%bf fgﬂgbiﬁg an in°‘g§§€$h8318$eBFﬁ?ﬂ1ex osi ng

the gas to an ani on exc resin. erein

the inorganggi§ahegRbat €6m Pr1519§3 g[erp?gﬁggéil§E§§50§§38pe0|es sel ected

fromthe group 10 consisting o and X2 where X

i s a hal ogen Lssa
fluorine atom or eﬂé&ﬂn%hao?%ﬁecg@gﬁﬁhﬁg & Eh&g&nﬁ%%ég?a%ﬁ#%dlgas
wher ei n & hetonat gesast hahegerai eén éﬁidgaﬁnﬁogpéyﬁﬁﬁeglg[ 86blitel Féﬁ&r] )
Sid4, BF3, BA3, PF3, PCA[err], A2 or 5. A net hod of
claim 1l whetken the inorganic halogenated gas conprises Cl Flerr].

6. A nmethod of claim1 wherein the anion exchange resin 20 conprises an
am no group represxposingythef gas oo ngnf antohaexchange resin.

2. A method of claim 1 wherein the inorganic halogenated

ﬁ:} . gas comprises at least one species selected from the group
10 consisting of C1F,, SiX,, BX;, PX; and X, where X is a halogen

atom.

3. A method of claim 2 wherein X is a fluorine atom or a

chlorine atom.

4. A method of claim 15wherein the inorganic halogenated
15 gas comprises ClF,, SiF,, SicCl,, BF,, BCl,, PF,, PCl,, Cl, or

F,.

5. A method of claim 1 wherein the inorganic halogenated

gas comprises CIlF,.
b . 6. A method of claim 1 wheéein the anion exchange resin

20 comprises an amino group represented by a following formula:
-N(Rl) (Rz)

wherein R, and R, are same or different and are
25 nhydrogen or C, to C; alkyl, which may be substituted by amino
or hydroxy group.
7. An apparatus for removing an inorganic halogenated gas,

comprising: T
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“N(Rlerr]) (Rerr]) wherein Rlerr] and Rl err] are same or
different and or C[err] to C[err] aIkyI whi ch may be
-substituted bumm m‘rlnﬁllmﬂﬁmydroxy giroto Ans.appar atus for

renoving an inoérganic Hal dgefhated gas, ‘Ssﬁéﬁﬁﬁw&ﬁﬁﬁ

15 a first packed bed contaifing iFEHA®GEMe i%J synt heti c
zeolite; and cked bed Dbei ars d in a downstream
of the first® b@f%ﬁ@%@?ﬁ‘g%ﬁp‘ﬂ ptaiiiie A Ie9h e 5 g An

appar at us é%yﬁ%ﬁ%£%|cﬁ§¢%#pdef| rising: a colum; and

a perforat g a first conpartnment and a second

conpartnent int i rst
pagllzed bed, and t 1%{31& agacobrﬁ)%rqéﬂrﬁ %&Iéﬁ% t%e secoﬁ% pac‘?(ed
bed. %he ﬁk—é’@p@é&téﬁd %oﬁ%@ixﬁﬂ éﬂ”éxifédn okt a&gégg?]%m. a

first packed colunn containing t r'st pac

second gackgd ColARThKE Rt THE tdiRa 512 CPN depREkes céép@fﬁnm

a column; and

a

a perforated partition for defining a first
compartment and a second compartment in the column, the
3 : . first compartment containing the first packed bed, and the
10 second dompartment containing the second packed bed.

9. An apparatus of_claim 7, further comprising:

a first packed column containing the first packed bed;

a second packed coiymn containing the second packed

15 bed.
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