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EXHAUST GAS TREATMENT | NSTALLATI ON BACKGROUND OF THE | NVENTI ON Field of the
“Invention The present invention relates to an exhaust gas treatnent
installation 5 and nmet hod for deconposi ng perfluorocarbons such as
CHF[err], SF[err], NF[err] and the {ike contained in an exhaust gas
di scharged from for exanple, a sem conductor-nmanufacturing unit.
Description of the Related Art Wth the progress of the integration of
manuf act uri ng sem conductor 10 devi ces, -1-n recent years it has becone
popul ar to use fluorine conmpound gases, for exanple, perfluorocarbons such
as Crlerr],(err]Fler],(err]Ferr]Jand CJerr]F[err] CHF3, SF6 and NF3, in
the OVD step, etching stpRIPAURNACHN TRIEATMENT ASSPAILATION
sem conduct or - manuf act uri ng process. e uori ne conpound gases nenti oned
above are generally introduced together with nitrogen gas into a 15
sem conduct or - manuf acturing unit, and used in an etching or other step and

t hen di scharged. The exhaust BAEKIGROCIND QR THH INUENGTION a very smal |
amount of unreacted fluorine conpound gases: Such unreacted fluorine
conpound gases 1 sinply released to the atnosphere. As for at

| east the fluorine c ound gases.noted above, ,however, environnent.al

c](c)nCﬁrns, e.g., 20 FresentmvaRtion relatgy to an pxhaustgas ticatpentingialiation posal
t o | ' af . . ' t
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concentrating agg 1&1@&@aiﬁaiheaiﬁme£m§gg£§m9mg&ﬁﬁ # k&é&m@ﬂ@,@st gas so

that they can be recycled for reuse cording to Japanese Pat’ent
Application Lai gerpfteadidoKManulikturing uit.

Description of the Related Art

With the progress of the integration of manufacturing semiconductor
10 devices, in recent years it has become popular to use fluorine compound
_gases, for example, perfluorocarbons such as CF,, C,F¢, C,F; and C,F,,,
CHF,;, SF, and NF;, in the CVD step, etching step or chamber-cleaning step of
a semiconductor-manufacturing process. The fluorine compound gases
mentioned above are generally introduced together with nitrogen gas into a
15 semiconductor-manufacturing unit, and used in an etching or other step and
then discharged. The exhaust gas therefrom still contains a very small amount
- of unreacted fluorine compound gases. Such unreacted fluorine compound
gases were heretofore simply released to the atmosphere. As for at least the
 fluorine compound gases noted above, howéver, environmental concerns, e.g.,
20 Earth warming issues, urge the recovery and-disposal of the gases. Itis
believed that the gases may contribute to the destruction of the ozone layer.
To date, a means has been proposed for concentrating and recovering
fluorine compound gases in an exhaust gas so that they can be recycled for

reuse (according to Japanese Patent Application Laid-open (KOKAI) No.



103, 633/ 1997). A means has al so been proposed for deconposing fluorine

- conmpound gases by burning the gases (according to Japanese Patent
Application Laid-open (KOKAI) No. 108,532/1997). According to the recovery
reans described in Japanese Patent Application Laid-open (KOKAI) 5 No.
103, 633/ 1997 and the conbusti on-deconpositi on neans described in the
official gazette of Japanese Patent Application Laid-open (KOKAI) No.
108,532/ 1997, a certain result has been obtZi ned, respectively. However, a
plurality of sem conductor-nmanufacturing units are usually used in an

i nstallation, each a source of exhaust gas. Furthernore, an etching or 10
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gas treatnent installafioh for treating an exhaust S cortai ning dne or
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provi ded, which installation conprises a concentrator for enhancing
installation, each a source of exhaust gas. Furthermore, an etching or

10 chamber-cleaning step can be conducted at random, and hence the
composition ratio and flow rate of an exhaust gas can vary considerably.
Thus, it has been difficult for the recovery means of the prior art to
concentrate and recover fluorine compound gases to such a degree that they
can be reused. In addition, the content of fluorine compound gases in an
15 exhaust gas is very small. Therefore, it has also been difficult for the prior art
to burn and decompose the fluorine compound gases effectively.
Due to the aforementioned problems, the present invention is intended
to provide an exhaust gas treatment installation which can effectively
- decompose of fluorine compound gases contained in an exhaust gas,

20 specifically by combusting the gases.

SUMMARY OF THE ENTION
In order to achieve the aforementioned objective, according to the
present invention, an exhaust gas treatment installation for treating an exhaust
gas containing one or more fluorine compoﬁnd gases and one or more carrier

25 gases is provided, which installation comprises a concentrator for enhancing



-3- the concentration of the fluorine conpound gases in said exhaust gas,
.and a conbustor for receiving the exhaust gas, in which the concentration
of said fluorine conpound gases thereof has been enhanced by said
concentrator. The fluorine conpound gases in said exhaust gas are burned by
use of air so 5 that they are deconposed. In a preferred enbodi nent, the
fluorine conpound gases shall conprise a gas selected fromthe group

consi sting of perfluorocarbons such as CF[ed3r], Cerr]Ferr],(err] and
Cerr]Flerr],CHF[erer],SF[err],NE[err], or a mxture thereof. In a case
where the concentration of fluorine conpound gases in an 10 exhaust gas
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fluorine conmpoun ases I's lower” According to the present invention,

however, it is pfAasthé oot fases thedesfite dren ehhmrceddycaithenmangaoes at a
15 hi gher efficiency because the concentration of such fluorine conpound
gases i s enhance@hédfuoriae chmpeni gates ga saidsxhaust gas excbumedby nee ebaissot or .

Al t hough various types of concentrators cta referred to, use

n ge sed, it is
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use of a nenbrane separator has been.fou t o.be nost -ef.fectiyve in 20
enhanci ng t he coﬁﬁs‘?ﬁtsﬁ%l?%ﬁpﬁfe?gﬁ%??lﬁgeggﬁ?ﬁbﬁ}?ﬁaggggr.‘slsﬁmg %fihaust gas
treatnment instal]atd on ar.di r [ N ehet a
further conpri Seggrﬁyoz;?(%%?{{sg#{??gﬁggﬁ,ﬁ ?ﬂbgﬁl%gr@ﬁ"f’ bp%dgg?’rﬁfﬁ 28k

oxygen-enriched gi&m; g\ﬁﬁg&gy t he oxygen-enriched air is used as air to be
i ntroduced into tle 50 ustor. 25 The conbustor preferably
conprises a treat ment Il yise wheremisicsroentraiion oHfladrigd pempoxmtigases amenend of

said treatnment drumfor introducing air, e.g.,

10 exhaust gas is small, i.e., a case where a large amount of carrier gas(es) is
contained therein, the major part of the thermal energy in a combustor is
absorbed into the carrier gases, and as a result, the decomposing efficiency of
the fluorine compound gases is lower. According to the present invention,
however, it is possible to burn and décompose fluorine compound gases at a

15 higher efficiency because the concentration of such fluorine compound gases
is enhanced before the exhaust gas is introducéd into the combustor.

Although various types of concentrators can be used, it is preferred to
use a membrane separator for removing carrier gas(es) in the exhaust gas.
The use of a membrane separator has been found to be most effective in

20 enhancing the concentration of fluorine compound gases.

The exhaust gas treatment installation according to the present
invention preferably further comprises an oxygen-enriched air producer for
producing oxygen-enriched air; whereby the oxygen-enriched air is used as air
to be introduced into the combustor.

25 The combustor preferably comprise;s a treatment drum, a combustion

air inlet pipe fixed at one end of said treatment drum for introducing air, e.g.,



-4- said oxygen-enriched air, to the inside of said treatnent drum as-
-conbustion air, a fuel gas inlet pipe disposed inside said conbustion air
inlet pipe for introducing a fuel gas to the inside of said treatnment drum
an exhaust gas inlet pipe disposed inside said fuel gas inlet pipe for

I ntroduci ng the exhaust 5 gas to the inside of said treatnent drum a
flame pipe extending fromthe end of said conbustion air inlet pipe on the
air outlet side thereof to the vicinity of-4he other end of said treatnent
drum a cooling air inlet nmeans for introducing cooling air into a space
between the side wall of said treatnment drum and said flanme pipe; and an
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runs through the flanme pipe, ereby a high tenperature state can be kept.
Thus, the bur ni ingrodncingecinebgesi tbithe imsidd fisaid treaterenp drinnl; gosdmued gds be
carried out with high efficiency. 15 Furthernore, the present
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generated by use of air as a feed material, and particularly in a case
wher e nitrogen flame pken add an outlet nadzleaprovidedsat e athepend oksajéd reetmidrthed ai r
I's produced as a result.

10 drum for discharging the treated exhaust gas. When a mixture of fuel gas and

oxygen-enriched air for combustion is ignited in such combustor, a flame runs
through the flame pipe, whereby a high temperature state can be kept. Thus,

~ the burning and decomposition of fluorine compound gases will be carried out
with high efficiency.

15 Furthermore, the present invention is characterized in that a means for
mixing said oxygen-enriched air into the exhaust gas coming from said
concentrator 1s provided between said concentrator and said combustor. By
virtue of the provision of such a mixing means, a flame will spread throughout

- the entirety of the exhaust gas.

20 In another embodiment, oxygen-enriched air from a nitrogen gas
generator is used for the combustion-chamber. In a semiconductor-
manufacturing factory or the like, a nitrogen gas generator using air as a feed
material is generally provided. In the case where nitrogen gas is generated by
use of air as a feed material, and particularly in a case where nitrogen is taken

25 out of air by separatioﬁ, oxygen-enriched air is produced as a result.

Although this oxygen-enriched air is generally released to the atmosphere in



Al't hough this oxygen-enriched air is generally released to the atnosphere
“in the prior art, according to the present invention, the nitrogen gas
generator is used as a source of oxygen-enriched air for the conbustion
reaction, so that oxygen-enriched air comng fromthe nitrogen gas
generator can be effectively utilized as air for the conbustion of the
exhaust gas. 5 In still another enbodinent, there is provided a
met hod for deconposi ng an exhaust gas contagning perfluorocarbons. The
met hod conprises first concentrating the perfluorocarbons in the gas,
preferably by nenbrane separation, and then deconposing the exhaust gas in
a conbustor. BRI EF DESCRI PTIQN OF THE FI GURES OF THE DRAW NG 10 )
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CF4 gas in an exffieotivelgasilised Bs dirdorithe @bhibuistib@ S thatexhhtiqrgaef . DETAI LED
DESCRI PTI ON OF THE PREFERRED EMBCODI MENTS The preferred enbodi nents of the

present inv&ntion wi [lhstl ahetherembndienentghdreup providéda emtbod fort he fi gures
of the drawing. In the figures, the 20 _reference nunerals refer to the
fol | owi ng: 10a, deepmpesing an exhaysy gas eontaining perdlugrocashongs Thgangthod2 - -
pretreatnment unit onceni’trragt or ust.or

14 - 16 .-- .cO , 18 -- ex St
bl over, 20 -- wEPTEEELHEY Conentrating theperugrac iR thist getsaareferagﬁr y
oxygen-enri ched nerhbdhe géﬁ%t}(m, and then decomposing the exhaust gas in a combustor.

BRIEF DESCRIPTION OF THE FIGURES OF THE DRAWING
10 Fig. 1 is a schematic view showing one embodiment of the exhaust gas
treatment installation according to the present invention;

Fig. 2 is a schematic view showing the construction of a combustor
suitable for the exhaust gas treatment installation according to the present
invention; and

15 Fig. 3 is a graph showing the relation of the concentration of CF, gas in

an exhaust gas with the decomposition rate thereof.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

The preferred embodiments of the present invention will be better
understood upon reference to the figures of the drawing. In the figures, the
20 reference numerals refer to the following: 10a, 10b, 10c -- CVD units (a
source of exhaust gas), 12 -- pretreatment unit, 14 -- concentrator, 16 --
combustor, 18 -- exha_ust blower, 20 -- wet scrubber, 22 -- nitrogen gas

generator (an oxygen-enriched air producer).



-6- Fig. 1 shows a preferred enbodi nent of an exhaust gas treatnent - .
-installation according to the present invention. A plurality of CVD units
10a, 10b, 10c are shown as part of a sem conductor-mnufacturing factory,
which is a source of exhaust gas. As the source of exhaust gas, there may
be 5 contenpl ated, for instance, etching units, apparatuses for

manuf acturing liquid crystal devices, or the like, it is not limted to
these CVD units. In the follow ng descriptign, an exhaust gas shal
conprise CF4 gas and nitrogen gas (a carrier gas), as used in a CVD
process, and contain inpurities such as dust and silicon conpounds of

by- products. 10 The exha st?%as treat ne I nstallation of the

. t
il1ustrated enbodi merdfigchmpwsaprefenpdembadiracht of snexhaust gag gra@ntat or 14,
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unit 12 areS5conrenatemplated, forfiaststicep etchingéinits) eppasmsed forendivifeetniihg 10a,
19b, 10c. If the exhaust blower 18 is operated, an exhaust gas fromthe
plurality of sailitjudVerystaldsvizes, or thelike,libis notdunifgd to tbesqﬁi‘v?bum&edlmth@o t he
pr et reat nent unift 12 . anqg then it wll be trﬁaﬁed bﬁst exhaust . gas
treatment i nst alfoUpVing dessEphonanexhgust gasshpll gamprise (Jla gas and giffogen gas
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or dry scrubber or a conbination thereofr. As a matter of course, the.

10 The exhaust gas treatment installation of the illustrated embodiment
comprises a pretreatment unit 12, a concentrator 14, a combustor 16, an
exhaust blower 18 and a wet scrubber 20, disposed in series arrangement.
This exhaust gas treatment installation utilizes oxygen-enriched air, and hence
it uses as an oxygen-enriched air producer a nitrogen gas generator 22 placed

15 on site of the semiconductor-manufacturing factory for supplying high purity
nitrogen gas to the CVD units 10a, 10b, 10c.

To the gas inlet port.of the pretreatment unit 12 are connected the
exhaust ports of the respective CVD units 10a, 19b, 10c. If the exhaust
- blower 18 is operated, an exhaust gas from the plurality of said CVD units

20 10a, 10b, 10c will be introduced into the pretreatment unit 12 and then it will
be treated by the exhaust gas treatment installation constructed in a one line
arrangement. This pretreatment unit 12 serves to remove impurities in the
exhaust gas which may damage the function of said concentrator 14, and it
comprises, depending on the kinds of such impurities, a filter, a wet scrubber

25‘ or dry scrubber or a combination thereof. As a matter of course, the

pretreatment unit 12 is not indispensable, if the impurities are such that they



pretreatnment unit 12 is not indispensable, if the inpurities are such .that
- t hey -7- do not danmamge the function of the concentrator 14 and can be
renoved by the concentrator 14. The exhaust gas which has been freed of
impurities by the_pretreatnment unit 12 is then introduced into the
concentrator 14. The concentrator 14 5 serves-to separate and renove
nitrogen gas (carrier gas) fromthe exhaust gas so that the concentration
of CF4 gas is enhanced. Although all different types of concentrations are
applicable as the concentrator 14, a nenbrane separation type concentrator,
Is preferable fromthe viewpoint of higher efficiency of concentration,

| ower cost and reliability. .In patticular, the 10 concentrator (see
Japanese Pat ent a%BPF é%?&thE}PﬂC%b gERugantrgor pandsemy horemoveddy e Ai r
Li quide, in France, i ff.ective because it can concentrate CF4 gas to a
concentration ofc?t}cgﬁfriﬁrtlg' 99% in a case where an exhaust gas which is

i ntroduced therein stifl eﬂﬁﬁ%ﬁ%&%ﬁ%ﬁ@éb@&?ﬁ%&%@mﬁ%}&w e pggé%an éI n

addition, the nitrogen gas separated by the concen
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CF4 gas has been concentrated (this will be hereinafter called

"concentrat €d ex$eauss togpinatd and feerovei nirdgeragas (verrparigat) fbny the exhmest gas
nuneral 24 in Fig. 1, with oxygen-enriched air com'gg fromthe - nitrogen

gas generat or 2250 that the qoncerfsaiiansofaF ogasde snkanced h ddthough piladifferant tyes
The L1 0eT 0ns BENCL A et 2ol SRRl L RLSCS LS P conueteT
oo oY e e RS e B PSSR SRR oL RREL .,
efficiency of concentration, lower cost and reliability. In particular, the
10 concentrator (see Japanese Patent Application Laid-open (KOKAI) No.
103,633/1997) made by Air Liquide, in France, is effective because it can
concentrate CF, gas to a concentration of from 15 to 99% in a case where an
exhaust gas which is introduced therein still contains from 3,000 to 30, 000
ppm of CF, gas. In addition, the nitrogen gas separated by the concentrator
15 14 can be released to the atmosphere because it is harmless.

The exhaust gas in which CF, gas has been concentrated (this will be
hereinafter called "concentrated exhaust gas") is then mixed, at the point of
reference numera1'24 mn Fig. 1, with oxygen-enriched air coming from the

- nitrogen gas generator 22, which is used as an oxygen-enriched air producer.
20 The nitrogen gas generator 22 is usually placed in a semiconductor-
manufacturing factory, as mentioned above, and it produces oxygen-enriched
air as a by-product when generating high purity nitrogen gas from air.
Oxygen-enriched air from the nitrogen gas generator 22 preferably has an
oxygen concentratior} of about 25% or more.
25 After the concentrated exhaust gas has been mixed with the

oxygen-enriched air, it is introduced into the combustor 16. Although all



oxygen concentration of about 25% or nore. 25 After the .
-concentrated exhaust gas has been m xed with the oxygen-enriched air, it is
i ntroduced into the conbustor 16. Although all -8- various types of
conbustors are contenpl ated as an applicabl e conbustor 16, a conbustor as
descri bed in Japanese Patent Application Laid-open (KOKAlI) No.

108, 532/ 1997, of comon assignee, is preferred and is used in the
illustrated enbodinent. 5 As shown.g-n Fig. 2, this conbustor 16
conprises a cylindrical treatnment drum 26, and this treatnment drum26 is
vertically placed, and in particular it is placed so that its axis faces in
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pi pe 32 and an annul ar space between the fuel gas inlet pipe 32 and the

conbustion air ilhisahatedigmb®UmEnticti on as an exhaust gas inlet path, a fuel
gas inlet path 38 and a conbustion air inlet path 40, respectively. These
15 inlet Yipes 30, Agzhown inFig.r2, this kembystor A6 copypriseph aybindgcadf t he

treatment drum 26 and exte to %,predeter Il ned positjop in the ng)per
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inlet pipe 30 t30,tdfel pad idettpiyes 8Dhnd a combustion air inlet pipe 34 coaxially
10 disposed in order from the inside, wherein an inside space of the exhaust gas
inlet pipe 30, an annular space between the exhaust gas inlet pipe 30 and the
fuel gas inlet pipe 32 and an annular space between the fuel gas inlet pipe 32
and the combustion air inlet pipe 34 function as an exhaust gas inlet path, a
fuel gas inlet path 38 and a combustion air inlet path 40, respectively. These
15 inlet pipes 30, 32, 34 are run through the upper plate 28 of the treatment drum
26 and extend to a predetermined position in the upper inside part of the
treatment drum 26. Further, a flame pipe 42 is connected to the lower end of
said combustion air inlet pipe 34, and the lower end of said flame pipe 42
- extends to the vicinity of a bottom plate 44 of the treatment drum 26.
20 The concentrated exhaust gas from the concentrator 14 is destined to
come from the upper end of the exhaust gas inlet pipe 30 to the inside thereof.
To the upper part of the fuel gas inlet pipe 32 is connected a supply source 46
for a fuel gas such as methane gas, natural gas, town gas, propane gas,
hydrogen gas, butane gas, or a mixture of them. Furthermore,
25 oxygen-enriched air ié destined to come, as éir for combustion, into the

combustion air inlet pipe 34 from the upper part thereof, to which an



To the upper part of the fuel gas inlet pipe 32 is connected a supply.
-source 46 for a fuel gas such as nethane gas, natural gas, town gas,
propane gas, hydrogen gas, butane gas, or a mxture of them Furthernore,
25 oxygen-enriched air is destined to cone, as air for conmbustion, into
t he conbustion air inlét pipe 34 fromthe upper part thereof, to which an
-9- oxygen-enriched air delivery port of the aforenentioned nitrogen gas
generator 22 is connected. A cooling air supply source 48 is connected to a
cooling air inlet port 50 provided on the outer peripheral portion of the
upper plate 28 of the 5 treatment drum 26. This cooling air is

AN I Ty e s i R
illustrated, in L4 1.98 opriate ignition nmeans such as an ignition
plug is provi de%grgér%béohgﬂcl)suﬂef %gr:c)lftion of the fuel gas inlet path 38. 10
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is operated to burn the mxture of the fuel gas and conbustion air in the
af or ement i ohed treatmantdrirn26. iThis ¢deling air id athwspharicydrtusual airc dmtauttetwi t h 15
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fuel gas inlet path 38. '
10 If the concentrated exhaust gas is sent into the exhaust gas inlet pipe
30, and at the same time, a fuel gas and oxygen-enriched air for combustion
are provided at a predetermined flow rate, respectively, and the ignition
means is operated to burn the mixture of the fuel gas and combustion air in
the aforementioned construction, its flame will be brought into contact with
15 the concentrated exhaust gas discharged from the lower end of the exhaust gas
inlet pipe 30 so that the decomposition of CF, gas in the concentrated exhaust
gas is effected. The flame will run to the vicinity of the bottom plate 44 of the
treatment drum 26 owing to the presence of the flame pipe 42. And further,
- since air for combustion is oxygen-enriched air, and this oxygen-enriched air
20 is previously mixed into the concentrated exhaust gas, the flame will spread
not only to the outer circumference of the concentrated exhaust gas, but also
to the central part thereof. As a result, the contacting effect of the
concentrated exhaust gas and the flame is enhanced, whereby even stable CF,
gas can be decomposed. Upon the burning decomposition of CF, gas, in
25 addition, carbon dioxide (CO,) and hydrogén fluoride (HF) will be produced
from the hydrogen and oxygen contained in the fuel gas and air.



20 I's previously mxed into the concentrated exhaust gas, the flame wl|
-spread not only to the outer circunference of the concentrated exhaust gas,
but also to the central part thereof. As a result, the contacting effect of

t he concentrated exhaust gas and the flanme is enhanced, whereby even stable _

CF[err] gas can be deconposed. Upon the burning deconposition of CF4 gas,

in 25 addition, carbon dioxide (CJerr]) and hydrogen fluoride (HF) wll
be produced fromthe hydrogen and oxygen c_q@t_ai ned in the fuel gas and air.
-10- Fromthe supply source of cooling air 48, a |arge anount of cooling

air is introduced into the annul ar space between the treatnent drum 26 and
the flame pipe 42 so as to be mxed, in the |ower portion of the treatnent
drum 26, with the trdaewadhesupplysourss oficoehing gbdt8an large amwynpoteealing 4ir om

the 5 | ower end of_ the.flane pipe 42. Thus, the cooling of .the exhaust
gas, which has &S H}tﬂ}ﬁi“f’%‘ﬁﬁg?zbﬁﬁfgl ¥ ?ﬁ%eb?%nﬂi‘%@%enﬁﬁmmgé %Qﬁﬁ? ed out
and at the sane 4l I5| Ut i qQn.af | L.be effected because
o i xed i« ey ped2d ds1p 8l BIENN o dRF%h of R ieElaim e
treated gas in t H$teQfed B hhgst bls disch \é&?’ 0 R t
scrubber 20 by rrztgg?\stiﬁ‘l[c:i?l ﬁ?geex aust %?obverﬁ%B giég.gec%?moﬁli:t gas&glﬁggﬁced by
t he burni ng5decgsweséid enthefflaekd %@éhmaﬂﬂs;sﬁi&&foﬁﬁﬂg of thé exhlaustsgas whickd by
t he wet scrubber 20, and hence the exhaust gas which is finally discharged
t o-t he at nospheihasiachigh emmperdtutdrmuhb flanee pipe #2; willl be chartbidrart and fat thee _
present invention has been 15 described in detail above, it goes w thout
sayi ng that the spmedtne aidilutian obthe exhayst gasiyillde effectedebecpbseitinmizetbd

enbodi nent. In theh afl.oremant i ongd enbodi nent, for instance, a gas
substantial |y Witha large amount ol air.

From the outlet nozzle 52, the treated gas in the comBustor 16 is
10 removed and sent into the wet scrubber 20 by means of the exhaust blower 18
(Fig. 1). HF gas produced by the burning decomposition of CF, gas is
harmful, but it is removed by the wet scrubber 20, and hence the exhaust gas
which is finally discharged to the atmosphere is clean.
Although the preferred embodiment of the present invention has been
15 described in detail above, it goes without saying that the present invention is
not limited to the aforementioned embodiment.
In the aforementioned embodiment, for instance, a gas substantially
consisting only of CF, gas and nitrogen gas has been used as the exhaust gas.
- As for the exhaust gas to be treated in the present invention, however, it is a
20 specific objective to treat a gas containing at least one additional and/or
different fluorine compound gas, for example, of the perfluorocarbons such as
C,Fs, C,F; and C,F,,, CHF;, SF; and NF,;, which may destroy the ozone layer.
Although the nitrogen gas generator 22 is used as the oxygen-enriched
air producer in the aforementioned embodiment, an oxygen-enriched air

25 producer for exclusive use of the treatment installation may be provided.



consisting only of CF4 gas and nitrogen gas has been used as the exhaust
-gas.. - As for the exhaust gas to be treated in the .present invention,
however, it is a 20 specific objective to treat a gas containing at |east
one additional and/or different fluorine conpound gas, for exanple, of the
perfluorocarbons such as CJerr]F[err],Cerr]F[err] and CJerr]F[err],
CHF[err], SF[err] and NF[err], which may destroy the ozone |ayer. Although
the nitrogen gas generator 22 is used as thﬂ_oxygen-enriched ai r producer
in the af orenenti oned enbodi ment, an oxygen-enriched air 25 producer for
exclusive use of the treatnent installation may be provi ded. .
Furt hernore, although the burning deconposition is nore effective by
previously mixing t h&usthsgaercealtheuehdhe burming decorapesitien it mareeffestivalbst gas

bef h nmb 6, .and th ' duci | ti ' I nt
he. conbust or . PREUPE Aadke ERyEBRR BN SIS b SO RRRReR SRHsER o
the c PRI IUROEF O6E: RSP HR o
o aph show ng.  RETPEary Pabisrbe 1, SREe kiRt fa Rl hyriidingg e °

experinent for dgmbusiorad 'su}ﬁcfeh@effeétldztﬁwo&aﬁe&mgeeﬁoégg?amwft 4 gas to
g dec |

nitrogen gas has on the efficiency of the burnin tiron of CF4 gas.

In this expgri merlygen-Barithedvnif Btliniéd id e stheg pbiati nt roduced was 10
made constant, i.e. 30 slm and the flow rates of nitrogen gas and CF[err]

gas were varied. As Fig Zismgrsplshowimg thevésulfs ohtaimdd byccarrdngloatyini n Fi g, 2
was used. Oxygen-enriched air havi n(%a?n o>;¥gen concentration of 28% was
supplied at a f [P&gtics: &n eperiment for dranensiraiing thoinfluenes therensepmtiondofat a

flowrate of 75 1mint(%rthe (of0) ustg{ﬁ]- ropane gﬁasbvvas used as a.fuel gas
for the 1 5 1535 (1Q PITTORST €23 A% OR M e Hfictiicof thebumig decompgsition o

deconposi tion Og:ﬁ;%a.bﬁméxﬁ@fn?eﬂtmg RWEAB OF tld Knst8 BESREb AIdATW R CF4

gas i s increased,
10 made constant, i.e. 30 slm, and the flow rates of nitrogen gas and CF, gas

were varied. As the combustor, one having the structure shown in Fig, 2 was

used. Oxygen-enriched air having an oxygen concentration of 28% was

supplied at a flow rate of 440 slm before the combustor and supplied at a flow

rate of 750 slm into the combustor. Propane gas was used as a fuel gas for the
15 corﬁbustor.

As can be seen from Fig. 3, the rate of decomposition of CF, becomes
more than 90% when the concentration of CF, gas is increased, and in
particular when this concentration exceeds about 10%. On the contrary, the

- rate of decomposition decreases rapidly if the concentration of CF, gas is
20 lowered to less than 10%. From this result, it can be seen that the efficiency
of burning decomposition is remarkably improved by concentrating CF, gas
to a higher predetermined concentration before the exhaust gas is introduced
into the combustor. This result will be also obtained when considering other
fluorine compound gases, such as those previously mentioned.
25 The following'table exhibits the resuits obtained by simulating, via a

computer, variances in the concentration of the respective fluorine compound



particul ar when this concentrati on exceeds about 10% On the contrary, the
-rate of deconposition decreases rapidly if the concentration of CF4 gas is
20 |l owered to less than 10% Fromthis result, it can be seen that the

efficiency of burning deconposition is remarkably inproved by concentrating
CF[err] gas to a higher predeterm ned concentration before the exhaust gas

I's introduced into the conbustor. This result will be al so obtai ned when
consi dering other fluorine conpound gases, ggch as those previously
menti oned. 25 The follow ng table exhibits the results obtained by

simul ating, via a conputer, variances in the concentration of the
respective fluorine co ases i n an exhaust, %%ﬁ,.using an
#

d -125
exhaust gas treaAeHt"i Os"‘%ﬁ?‘l‘%ﬁ?%ﬁ”&%@ F beasdreatyapt nstaiption ¢
Me [ i nt ¥ it . .s A
hnd G inr o 1, cPustfichfessHOoh A, |0 Meliib BofL &, BUGRE Aot of
n - . uset.
gases in an exhaysd refdencehiifbrald 1R, BdhAWS in F?gé}‘ﬁ?e%péc&me%;ﬂl)??ﬁﬁg%fégﬁrgggf ge

anount of cooling air at the neasuring poilnt W ng
tabl e exhibits awassigsed apthcaiantet gaseciodn exthanbt gava SigeechpletHaust abé ¥as
Fl uori ne con?. Concentration  Concentration Concentration tio of in
an exhaust ( ppdHjinted by 4 lapgd amount of coolipgmjr, at the measuring paint €opimpaddifion,
gas Me sug;i ng . Measuring . Measuring .. anobunt at Cto
poi nt A poghq ofowing tablgexhibiss a resultiqhfaingd apcegling air was excepted. 500
2.5 0.4 20% CF4 8, 000 99.0 <5.0
| ess than 5% Cferr]F[err] 3, 000 15.0 0.3
2% Clerr]Flerr] 30, 000 T <2.0 | ess than 2%
Fluorine comp. | Concentration | Concentration Concentration | Ratio of
in an exhaust (ppm), {ppm), (ppm), fluorine comp.
10 gas Measuring Measuring Measuring amount at C to
point A point B point A thatat B
CF, 500 2.5 04 20%
CF, 8,000 99.0 <5.0 less than 5%
C,F, 3,000 15.0 0.3 2%
C,F, 30,000 99.0 <2.0 less than 2%
15 SF, 500 2.5 0.1 4%
SF, 8,000 ' 99.0 <2.0 less than 2%
NF, 500 1.2 <0.01 | less than 1%
NF, 5,000 75.0 <0.75 | less than 1%
CHF, 500 2.5 <0.02 | less than 1%
20 CHF, 8,000 99.0 <1.0 less than 1%

Although the respective fluorine compound gases are directly released
under a state at the rﬁeasuring point A in the prior art, it is seen from the

above table that the release amount of fluorine compound gases can be



15 SF6 " . 500 2.5 0.1 4% SF6

- 8, 000 99.0 <2.0 | ess t han 2% NF3 500
1.2 <0.01 |Iless than 1% NF3 5, 000 75.0
<0.75 less than 1% CHF3 500 : 2.5 <0.02 less
than 1% 20 CHF3 8, 000 99.0 <1.0 | ess

than 1% Al t hough the respective fluorine conpound gases are directly

rel eased under a state at the measuring poi iﬁmAin the prior art, it is
seen fromthe above table that the rel ease "atount of fluorine conmpound
gases can be -13- restrai ned bel ow 5% by causi ng the exhaust gas to pass
t hrough the exhaust gas treatnent installation according to the present

i nvention, and ttastramedibslove$%rhy gaesing therexdaust gasitp padsi thesighithe bxbliuzg t he
Japanese obj ective established at the Kyoko Conference held in 1997 for the
prevention of Eaf¥hirgaimenhipstatlation accordingderthe nrpsent invientisw, end éxip eatisfiest s

[ typical air i I f . - ent.i dair, it.h b furth
seen that tne & arendeRyBiamatel PR Buditiné M tibruossiobiscia SRONFM | no

d j aa[peN t ff Gl f. b [
Gecomposi {1 on had BedyR3 Coterohlt B 900 Yol I pek By SR Yotiodt " gac.
10 AEcor ding AlcdidmeDiohé Bink expalimeRs WiahIsicRPAR ilpREL bk above.

it is possible to effectively burn and deconpose rine conpound gases

such as CF4 gas exybemtérmichpéufr| itdias baeib firthor Beanthakihate dfafeceinpobition st
for exanple, froma sem conductor-manufacturing unit, while using a sinple

instal | ati on con®¥%uartmeng.is Shtainndearefluoiiny eomipound gasee btiree thamCF,. blhies much

toward 15 avoi |£|%1 the dar} er of destroying the ozone |ayer and
preventing Ear t hexhibils that the etficiency of burning decomposition has been improved by

virtue of concentrating the exhaust gas.

10 According to the present invention, as has been described above, it is
possible to effectively bumn and decompose fluorine compound gases such as
CF, gas and other perfluorocarbons in an exhaust gas discharged, for example,
from a semiconductor-manufacturing unit, while using a simple installation
construction. The present invention therefore contributes much toward

15 avoiding the danger of destroying the.ozone layer and preventing Earth
warming.

Various modifications, substitutions, omissions, and the like may be
made by those skilled in the art without departing from the spirit of the
- present inven_tion. Accordingly, it is intended that the scope of the present

20 invention be limited solely by the following claims, including equivalents

thereof.



war m ng. Various nodifications, substitutions, om ssions, and the |ike my
-be made by those skilled in the art without departing fromthe spirit of
the present invention. Accordingly, it is intended that the scope of the
present 20 invention be limted solely by the follow ng clains, including
equi val ents thereof. -14- Wat |Is Cainmed Is: 1. An exhaust gas
treatnent installation for treating an exhaust gas contai ning one or nore
fluori ne conpound gases and one or nore car{' er gases, which conprises: 5
a concentrator for enhancing the concentrafittn of the one or nore fluorine
conpound gases in said exhaust gas; and a conmbustor for receiving the
exhaust gas, in which the concentration of said one or nore fluorine
conpound gases hWhabbe@lasmbdised by said concentrator, and burning the
fluorine conpound gases in said exhaust gas by 10 use of air.so that
they are deconposed. B.  Amexkaushges trepiment imatalletion fordreatingtancexhaustagadi ng
to claim1, wherein.said concentrator is a concentrator of the nenbrane
separation type YOHAIRBSRACHY TRE €0 gasessadPISATANeTe GRIEEE hr ough
menbr ane separ at j l_g enhanci ng the concentration of the fluorine
conmpound 15 aggsg_v$ ‘.e’ﬁgg%ﬁgseésmaust gas treatnment installation according

to claiml, swherein Sﬁécﬂxc@ﬁ&a&b? f&@ﬁﬁﬁﬁﬁ‘e‘iﬁ%ﬂz&%ﬁeﬁfr&ion‘%f the HAE PGSt 9as
treatnment installation according to clal ,
fluorine compound gases in said exhaust gas; and
‘a combustor for receiving the exhaust gas, in which the concentration
of said one or more fluorine compound gases has been enhanced by said

concentrator, and burning the fluorine compound gases in said exhaust gas by

10 use of air so that they are decomposed.

2. The exhaust gas treatment installation according to claim 1,
wherein said concentrator is a concentrator of the membrane separation type
for removing the carrier gases in said exhaust gas through membrane
separation, thereby enhancing the concentration of the fluorine compound

15 gases.

3. The exhaust gas treatment installation according to claim 1,

- wherein said air is oxygen-enriched air.

4. The exhaust gas treatment installation according to claim 2,

wherein said air is oxygen-enriched air.
20 5. The exhaust gas treatment installation according to claim 4,

wherein the installation further comprises an oxygen-enriched air producer for

producing said oxygen-enriched air.

* [ L M S *



wherein said air is oxygen-enriched air. 20 5. The exhaust .gas
.treatnment installation according to claim4, wherein the installation
further conprises an oxygen-enriched air producer for producing said
oxygen-enriched air. 6. The exhaust gas treatnent installation
according to claim3, wherein the installation further conprises an
oxygen-enriched air producer for producing said oxygen-enriched air. 7.
The exhaust gas treatnent installation according to claim3, 5 wherein
the installation is constructed such that i-h>a case where said carrier
gases contain nitrogen gas generated by a nitrogen gas generator using air
as a feed material, said nitrogen gas generator is used as said
oxygen-enriched air pgoduc®he eBhaust ghictreatheytinselatibn aedording toreddial 3,ati on
according to claim3, 10 wherein said conbustor conprises a treatnent
drum a conbusti ehesdin therinstallptipe fdrther doatprizas ar nay gdn-emichet raaprogncerdionm
for introducing said oxygen-enriched air to the inside of said treatnent
drum as conbust i preduicing seid oxygegaenriohed@iti pe di sposed i nside said
conbustion air inlet pipe for introducing a fuel gas to the inside of said
treatment drum an exhaust gas 15 inl et pipe disposed inside said fuel

gas inlet pipe for introduging +h . LS f |
treatment drum a fl ak’e pi ’She g@%ﬁagﬁ%@%ﬁgﬁgfﬁlg{%ﬁgggﬁ bés]%?g’%ctgr%aﬁg{{ ?’on air
inlet pipe of t h%gkéin%inﬁau 188 id BsfsRAtel Qubi that itk BhdewRére!shrl ihieF end
of said treatnment drunm a cooling alr 1nlet means for 1ntroducing cooling
air into a spaceghkwofitain htrogefl gav@bherafedddi alnitfogah was pertbrator asigwit a5 20
flame pipe; and an outlet nozzle provided at the other end of said )
treat nent drum f feeddinstehial, gaidqitrbgen gasogandraighiswsed gasaid oxygen-enriched air

producer.
8. The exhaust gas treatment installation according to claim 3,
10-  wherein said combustor comprises a treatment drum; a combustion air inlet

pipe fixed at one end of said treatment drum for introducing said
oxygen-enriched air to the inside of said treatment drum as combustion air; a
fuel gas inlet pipe disposed inside said combustion air inlet pipe for
introducing a fuel gas to the inside of said treatment drum; an exhaust gas

15 inlet pipe disposed inside said fuel gas inlet pipe for introducing the exhaust
gas to the inside of said treatment drum; a flame pipe extending from the end
of said combustion air inlet pipe on the air outlet side thereof to the vicinity of
the other end of said treatment drum; a cooling air inlet means for introducing
cooling air into a space between the side wall of said treatment drum and said

20 flame pipe; and an outlet nozzle provided at the other end of said treatment

drum for discharging the treated exhaust gas.

9. The exhaust gas treatment installation according to claim 4,

wherein said combustor comprises a treatment drum; a combustion air inlet

-



9. The exhaust gas treatnent installation according to claim4, wherein

. sald conbustor conprises a treatnment druny a conbustion air inlet - 16-

pi pe fixed at one end of said treatnment drum for introducing said
oxygen-enriched air to the inside of said treatnent drum as conbustion air;
a fuel gas inlet pipe disposed inside said conbustion air inlet pipe for )
introducing a fuel gas to the inside of said treatnent drum an exhaust gas
5 i nl et pipe disposed inside said fuel gas inlet pipe for introducing
the exhaust gas to the inside of said treatdent drum a flame pipe
extending fromthe end of said conbustion air inlet pipe on the air outlet
side thereof to the vicinity of the other end of said treatnent drum a

cooling air inlelEe3B8 af Ghic &it HLEHE trRtntR dniM f8f intfddbibing saRRCe bet ween
the side wall of gald treatment drumand said 10 - flanme pipe; and an

outl et nozzle prexyigéadneichédgires Heyinside ofsaidltichtinestedrunnds chmbastion air; a

di scharging the treated exhaust gas. 10. The exhaust gas treatnment

i nstal | ati on acdnebgasgnted pipeadispdbedwhsidesaid gombastiorn air imekpipg foni d
oxygen-enriched air into the exhaust,L gas conipg fromsaid concentrator is
provi ded bet weeringafucias ﬁcﬁs@hgaattertheam@a?f@aﬁ]tseaﬁneebaw%ta@re. fYst gag e

h t t t o tal l,ati. di { | ai 4. wh i
for mixing Said IBIE)Gpe SRPeSeHapsids pal o) gandnlskpips Jor iodicie e erhaiet o o
trat i i t i t i 20
O e exhaust2 a8 SR fald RAIRAAPAATT!] Al peadding BEM BN Z)
means for m Xi NG, S@{fcAUYSLIONUH IntEi§pabh theWiP obflét s@d@%@féofg@ﬁ;cgﬂﬁirﬂ@ dfrom

said concentrator is provided between said concentrator and sai
the other end of said treatment drum; a cooling air inlet means for introducing

cooling air into a space between the side wall of said treatment drum and said
10 flame pipe; and an outlet nozzle provided at the other end of said treatment

drum for discharging the treated exhaust gas.

10.  The exhaust gas treatment installation according to claim 3,
wherein a means for mixing said oxygen-enriched air into the exhaust gas
coming from said concentrator is provided between said concentrator and said

15 combustor.

11.  The exhaust gas treatment installation according to claim 4,
wherein a means for mixing said oxygen-enriched air into the exhaust gas
coming from said concentrator is provided between said concentrator and said

combustor.

20 12.  The exhaust gas treatment installation according to claim §,
wherein a means for mixing said oxygen-enriched air into the exhaust gas
coming from said concentrator is provided between said concentrator and said

combustor,

MLl



conbust or. -17- 13. The exhaust gas-treatnent installation according to
"claim9, wherein a nmeans for m xing said oxygen-enriched air into the
exhaust gas coming fromsaid concentrator is provided between said
concentrator and said conbustor. 5 . 14. The exhaust gas treatnent
installation according to claim1, wherein said one or nore fluorine
conpound gases conprises a gas selected fromthe group consisting of

per fl uorocarbons, CHF3, SF6, NF3 and a m'xtl.bre t hereof. 15. The exhaust gas
treatnment installation according to claim ?1 “10 wherein said one or nore
fluorine conpound gases conprises a gas selected fromthe group consisting
of perfluorocar.bons, CHF3, SF6, NF3 and a m xture thereof. 16. A nethod for
treating an exhaust das cdhezixhawg goaséreatmensizstillation aveoriimg tucidig&ses,

whi ch conpri sesmlﬂ}? ) nhanci ng.the concentration of the one or nore
f1 uorine conpourfiRGFEdiAmeans 108 ax g Sd gy¥eenqenriahed girigta the exhaustigas
conmpound gases in_t.he .exhaust. gas by use of..alf in order to deconpose the
fluorine conpour?g Tyas dom iafl.a c?ﬁ%mrge#?rola pmwgl?%f)ﬁt.\vfgps gntrafer and said
concentration of.shiiisRpe or 20 nore fluorine conpound gases i s enhanced
by use of a nenbrane separator. 18. The nethod of claim 16, wherein the air
I S oxygen-enriched air.

5 14.  The exhaust gas treatment installation according to claim 1,
wherein said one or more fluorine compound gases comprises a gas selected
from the group consisting of perfluorocarbons, CHF;, SF,, NF, and a mixture
thereof. |

15.  The exhaust gas treatment installation according to claim 2,
10 wherein said one or more fluorine compound gases comprises a gas selected
from the group consisting of perfluorocarbons, CHF,, SF,, NF, and a mixture
thereof.

16. A method for treating an exhaust gas containing one or more
fluorine compound gases, which comprises
15 enhancing the concentration of the one or more fluorine compound
gases in the exhaust gas, and i
burning the fluorine compound gases in the exhaust gas by use of air in

order to decompose the fluorine compound gases.

17.  The method of claim 16, wherein the concentration of the one or

20 more fluorine compound gases is enhanced by use of a membrane separator.

18.  The method of claim 16, whefein the air is oxygen-enriched air.

e



-18- 19. The nethod of claim 16, wherein the air is oxygen-enriched air,
and the oxygen-enriched air is mxed with the concentrated exhaust gas
prior to the one or nore fluorine conpound gases bei ng burned and hence
deconposed. 5 _ 20. The nmethod of claim 17, wherein the air is
oxygen-enriched air, and the oxygen-enriched air is mxed with the
concentrated exhaust gas prior to the one or nore fluorine conpound gases
bei ng burned and hence deconposed. 8

19.  The method of claim 16, wherein the air is oxygen-enriched air,
and the oxygen-enriched air is mixed with the concentrated exhaust gas prior
to the one or more fluorine compound gases being burned and hence

decomposed.

5 20.  The method of claim 17, wherein the air is oxygen-enriched air,
and the oxygen-enriched air is mixed with the concentrated exhaust gas prior
to the one or more fluorine compound gases being burned and hence

decomposed.
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