;e3eLXz6TT] ki  APPARATUS FOR TREATMENT OF EXHAUST GASES CONTAI NI NG HYDROGEN
FIELD OF THE | NVENTI ON The present invention relates to an inprovenent of
an apparatus for treatnment of exhaust gases containing hydrogen from
facilities and equi pment such as sem conductor Mﬁi ng and chem cal
-pl ants where sed. BACKGROUND OF THE | NVENTI ON At sem conduct or
manuf act uri ng!wﬂmmm“muﬁd other facilities and plants, exh ases

cont ai ni ng hydrogen from processing lines are usually di sposwm ww ’l
burning at a high tenperature in an incinerator. Fig. 5 sho

prior art high tenperature conbustion di sposal apparatus used i n*‘l66166

sem conduct or manufacturing facilities.11n this apparatus, the exhaust gas
A cont ai ni ng hydrogen from t he seni conduct or rranuf act uring line B including

a hydrogen anneal i APF Z ) and an
ignition Si chip -- WW el n hydrogen in the
exhaust gas A gushing @%! ~‘4‘~ m\ ) ll Tﬂ elXonpl et e conbustion
at sone 1,800 to 2,000 C t 26 June 2002 2 The quartz furnace 50 has
anot her pi pe 54 connected thereto. Through the pipe 54) 02 is fed into the
quartz furnace 50 to hel p hydrogen burn conpletely. To ensure conplete
conbustion o %Elli%%@FdT y, the anpbunt of oxygen to feed is set at
nore t han haF tha}'zcigq R%y@?%én Wth treatnent of the exhaust gases
cont ai ni ng hydrogen by the external conbustion unit C as shown in Fig. 5

t he exhaust gas A can be treated conpletely with hlrgh efficiency with use
of a relatively shag presentinvantianoielales to)anumpm\@npa mfaacappnaatusrﬁ@r exhaust

gas A contai en fI ws fromthe.se nduct acturl g line B
at a nearly G?%F'ﬁa?g ﬂ@%&ﬁcﬁﬂ?ﬁaﬂi’%n}'ﬁ%féi?mﬁg aé@aust gas
A does not fj éE’é‘é?mcbﬁHM&r ahf8chiinm I w ying the
af oresai d extﬁgg“l@hg% ustion unit C asua fun ?rr'gr?{‘g g Htalr?gt an
unst abl e conbydrogemisiused.o fl uctuations in the di scharge am)unt of exhaust

gas A or changes in concentration of hydrogen in the exhaust gas A could
result in an explosion of the external conbustion unit Citself.

BACKGROUND OF THE INVENTION

At semiconductor manufacturing, chemical and other facilities and
plants, exhaust gases containing hydrogen from processing lines are usuaily
disposed of by burning at a high temperature in an incinerator.

Fig. 5 shows a typical prior art high-temperature combustion disposal
apparatus used in semiconductor manufacturing facilities. In this apparatus,
the exhaust gas A containing hydrogen from the semiconductor
manufacturing line B including a hydrogen annealing fumace is first led into
a quartz furnace 50, and an ignition Si chip 52 is heated by a heating lump
53 wherein hydrogen in the exhaust gas A gushing out of a nozzle 51 is then
put to complete combustion at some 1,800 to 2,000 °C.



If, for exanple, the flow rate of the exhaust gas A containing hydrogen
fromthe sem conductor manufacturing |line decreases with the level of H2

droppi ng.and staying at alnost nil |onger than a sEecifi c tinme) then the

conbustion flame near the tip of the nozzle 51 w , wth the
t enperature dropping near the tip of the nozzle 51. 26 June 2002 3
Unless the ignition Si chip 52 is heated again, conbustion wll not be

resuned even when the flow rate of the exhaust gas A and the concentration
of H2 rise back again. As a result) H2 - containing gas A woul d be

di scharged untreated out of the conbusti unit C, bringing about a very
dangerous situation. Another problemis that if the discharge rate of

exhaust gas A drop t i ne

sem conduct or mnu%@#m Tﬁéeé%spr g%_gﬁdéﬁg?(@{pﬁzﬁ%g%'i?&%gh%%ﬁ' C
through the p"ﬂﬁoh?h&hé%jpeTM._r@zwfbb iftoithe q%_iéﬁﬂ%rr@f:e@@ﬂb%h@hg@iogbhe

sem conduct or manutacturing line Bitself. To ensure safety, the prior art

combust i on uniburg complgtely pevengure complela combiustipnrof iy andssetira satety.er  of
course. The safety neasures include.an alar n_aut ic ignjter and an
automatic gas%gﬁt%%?"frﬁ@gw&em Eeﬁ%d? ﬁPPmE}%\ﬁmatﬂﬂggf?bﬁgﬁé@%ﬂgWane of
the m xed gas fromthe nozzle 51 goes out. But if those safety neasures are

actuated each tine the conbustion flane in the external conbustion unit C
goes out or the corWithtireatment of thetexhbest ghses wentdining hydrogen by the

' duct facturi | i i |1 Dbe affected, ich h
aver s6 o f ecoBATEh coruRNen uB CafistomALin oo: b e BLSEaas ALcai Ber hand)
t | j ; : ; t t
2t nuol ear pougias bk ey RGN BIRAE it used o MIRNERP Gl SRR Vot er

i s deconposed by fadration; 0gen- oxygen m xture 1S ‘genera in the

cool ant water -coﬁ%@t@hymﬁﬂ@ﬁwm thellexhéustsgas pocdntainthg hytdgen
catalyst. The principle of that reconbining technique as is disclosed in

unexani ned Ja feorp Ahe remigepruetar menufactwingdive B at amesrly fixed rate and

wator CE 1 o P B rbeiraidt BERfiBEain b Bidadii'eRoA Hoed i kb 68" ™
m xture Ao whqgggelgoncentrati on of hydrogen is below the explosion limt, as

shown in Fig. 6. This mxture Ao is then led to a reconbiner 60 including a
catal yst unit 61 provided therein through an upper nozzle 62 where H2 and

O= are reconbined into steam thro catal ytic action at a.specifi.c high

Cemperat ure. The. staoHPIaie e PBRASEdeFnAE FropEyRG ha oIl RREmele

l“gfé'ee 63. HovnustibA@initechad & AthdadnitatfawBalit Sat &n LRstaBle ddriBistBAt Of
due to fluctuations in the discharge amount of exhaust gas A or changes in
concentration of hydrogen in the exhaust gas A could result in an explosion

of the external combustion unit C itself.

If, for example, the flow rate of the exhaust gas A containing hydrogen
from the semiconductor manufacturing line decreases with the level of H,
dropping and staying at almost nil longer than a specific time, then the
combustion flame near the tip of the nozzle 51 will go out, with the
temperature dropping near the tip of the nozzle 51.



. quantities of the mxture fluid Ao mxed with large quantities of steamS.
The reconbi ner 60 becones so large in size that it can hardly be installed
in the sem conductor manufacturing facilities. [n_addition, because the
.rate of reaction between H2 and O= in the recondd e 2902 s relatively | ow
unreacted hydrogen is discharged out of the reconbiner 60 through the | ower
nozzl e 63. A conplete treatnent of the unreacted hydrogen di scharged from
the reconbiner 60 in turn requires a separate external conbustion unit,

whi ch 26 June 2002 5 neans additional and substantial investnments in
equi pment. SUMMARY OF THE PRESENT | NVEMTI ON The present invention addresses
the af oresaid problens encountered in the prior art treatnment of a gas

cont ai ni ng hydr oddmiessithedgnition iS¢ shipb2ris heatecbaghin; combustionawillnot bg pl ant s.

Anmong t hose probl ens are: I f the discharge a t of th h t
ot i i o B TREE Svan wHendhe Haw sale 1R AXTEUSh GBS AR 1 CONGSTIARA: goe
fluctuate i f i As
el t o 1 he DIHZ 1R BACKATein KD R MO oGrRERINES dih WoblfPBe BRchbiged”

expl osi on ofyritfeatéd oat bfthe combastiomunitiC, .bringing aboet & vety dangeroushat
backfire may spread fromthe external conbustion unit Cinto the

sem conduct @ituatiemf act uring |ine B, causing damage to the facilities B when
t he di scharge anount of the gas containing hydrogen decreases. (3) Unstable
conmbustion in the external conbustion unit C could affect the operation of

the seni conduct oraBReY Sreblém Rothiat FehddiscRARSe ratle bhextitiuat gas iraraplsf | ci ency

or causing ununiformty of the product quality. It is an object of the
present i nvesubstantialypr avibiekfire apyayr aspread ortowaecht thnt semieotriduetar gases

t ai ni hyd whi ¢ch i | et t nt ai ni
hydr ogen. i JERBRECHINGR B Fof e, SRAME SPmiuaten Sob.C HaOhIEARS const ant
and steady Rpgl %57 eopREeCAR HrishbNGangdtof Fxplosion of the semiconductor

manufacturing line B itself.

To ensure safety, the prior art combustion unit C is equipped with
various safety measures as a matter of course. The safety measures include
an alarm, an automatic igniter and an automatic gas shutoff device which will
work when the combustion flame of the mixed gas from the nozzle 51 goes

out.

But if those safety measures are actuated each time the combustion
flame in the external combustion unit C goes out or the combustion gets
unstable, the operation of the semiconductor manufacturing line B will be
affected, which can have an adverse effect on the quality of semiconductor
products.

On the other hand, at nuclear power stations, when the reactor



“Reul acenent Sheet - 26 June 2002 '=6 (i.e, or the discharge rate) of the
gases or the concentration of hydrogen contained therein such that the -
treatment proceeds with no adverse effects on the seni conductor
.manufacturing line and with no need of m xing 08%ses cont ai ni ng
hydrogen with steamor the like for dilution) 5 The present invention in a
first aspect provides an apparatus for treatnent of exhaust gases
cont ai ni ng hydrogen, which conprises: an ejector-type vacuum gener at or
having a suction port connected to a di scharge source of exhaust gases
cont ai ni ng hydrogen and having a drived4luid supply port 10 connected to an
oxygen supply source, a hydrogen-oxygen reactor provided wth a catal yst

and connect asbolahtavater ¥ dbtomposed bhaaaltien! & Htrédih-oakenindRor”y Bt or, and
a drain reservoir connected to an outlet of the reactor for storing water

di schar ged 'genesaiedhdn rthaccoelant svatas Thiss oxygemhydnogen mixturgeboisd aspect
provi des an aeaaB%%¥€ f.or tr? t nent of exhaust gases contai ni ng hydrogen as
descri bed i TePABOINGRNSFRY & AYEcedi ng paragraph, wherein there are
additionally provided: a second hydrogen-oxygen reactor provided with a
catal yst and connected to an 20 outlet port of the drain reservoir and a
second drai n resérhaiprincipiecoft thitt recambining etechhiqueeas ds odidclosedtior , f ar

MR B AU T MACHRNE LTI i DR S
containi ng NydEaA%HxH X'sEARIdPSEY an airS@iaRfdt D fontiheToolartwatdP g 2002
is first mixed with a large quantity of steam S to produce a mixture Ao whose
concentration of hydrogen is below the explosion limit, as shown in Fig. 6.
This mixture Ao is then led to a recombiner 60 including a catalyst unit 61
provided therein through an upper nozzle 62 where H, and O, are
recombined into steam through a catalytic action at a specific high
temperature. The steam thus produced is then discharged through a lower

nozzle 63.

Hdwever, the technique outlined in Fig. 6 is for treatment of large
quantities of the mixture fluid Ao mixed with large quantities of steam S. The
recombiner 60 becomes so large in size that it can hardly be installed in the
semiconductor manufacturing facilities. In addition, because the rate of
reaction between H, and O, in the recombiner 60 is relatively low, unreacted
hydrogen is discharged out of the recombiner 60 through the lower nozzle
63.

A complete treatment of the unreacted hydrogen discharged from the

recombiner 60 in turn requires a separate external combustion unit, which



., . an ejector-type vacuum generator having a suction port connected to a
di scharge source of exhaust gases containing hydrogen and having a drive
fluid supply port connected to an oxygen or air supply source, a

*hydr ogen- oxygen reactor provided with a catalyéﬁ_&nﬂ_ﬁﬂbnected to a drive
fluid discharge port of the vacuum generator, a drain reservoir or a heat
exchanger connected to an outlet of the reactor for storing water

di scharged therefrom a second ejector-type vacuum generator having a
suction port connected to a mxture fluid outlet side of the drain
reservoir or the heat exchanger and ha%;ng a drive fluid supply port
connected to an oxygen or air supply source, a second hydrogen-oxygen

port of tne begBnAbcRaf M nireRf RBREhR I RN Gener at or having a
suction port connected to a mxture fluid outlet side of the second reactor

and having a drive fluid supply port connected to a nitrogen or air supply
source. In a preferred enbodi nent, the apparatus is provided with a

backf | ow che t he di scharge source of
exhaust gas hﬁ@#@é@@ﬁ%&%ﬁzﬁ@wtmn port of the vacuum
generator. Preferably, the backflow check is one or nore orifice plates

inserted in the flow path. Repl acenent Sheet - 26 June 2002 ' 8 1In one

enbodi ment of t h&hempresdritdnventior addresses thesaforesaldproblemsiehtaunteredeact or
structural conponent provided Wl%h a gas feed port and, another reactor
structural dorferRriar it draadmantof @ gaswseatainiag t@[ﬁ@gﬂﬁt in,fadilitigs syphaced

oPROs L. TRy dB Ry R, ARGhIROA protifhs i 1o o

(1) If the discharge amount of the exhaust gas containing
hydrogen and the concentration of hydrogen in the exhaust gas fluctuate,
combustion gets unstable, or combustion flames go out. As a result, the gas
containing hydrogen can be accumulated, causing an explosion of the
external combustion unit.

(2) There is a danger that backfire may spread from the external
combustion unit C into the semiconductor manufacturing line B, causing
damage to the facilities B when the discharge amount of the gas containing
hydrogen decreases.

(3) Unstable combustion in the external combustion unit C could
affect the operation of the semiconductor manufacturing line B, lowering the
production efficiency or causing ununiformity of the product quality.

It is an object of the present invention to provide an apparatus for
treatment of exhaust gases containing hydrogen which permits complete
treatment of gases containing hydrogen discharged from the semiconductor
manufacturing line on a constant and steady basis regardless of the flow rate



S reflector unit, an outlet side reflector unit and a diffusion filter, and
wherein the reactor structural conponent having the noisture take-out port
is provided with a catalyst therein. Preferably, the catalyst enployed in
the reactors) is a platinumcoated catal yst | a € 6 Hde
wal | of the reactor structural conponent. 10 DESCRI PTI ON OF THE PREFERRED
EMBODI MENTS Now, enbodi nents of the preséng.invention will be described in
nore detail with reference to the drawings. 1S Fig. 1 shows a configuration
exanpl e of the apparatus for treatnent 26 June 2002 9 of exhaust gases
cont ai ni ng hydrogen accordi ng,tp.the present inventio ich is applied.to
2 cem conduc i SHdh ASEHRLHA 1) b e Expe GEAGE coportigion Of LYREER FAERG therein

i ndi cates t hgu@PRR&AkKES thedtmdni epobRAs Qfth exb artiversg agects UH ahd) RehitHHALOGEN:
2, a hydrogen annealing furnace form ng part of the sem conduct or

manuf act ur i ngndnufastusing liner andrgitiago meed of mixipg exhaustceases containipgshysirogen with
cont ai ni ng hydrogen: 3, s.supply system and 4, a gas supply system
control . Thesmg‘gg%ﬁ%ﬁﬁégﬁ’i’tw'furnace 2 serving as a discharge source of
exhaust gases containing hydrogen, is a heating furnace with the internal
pressure increased by 50 to 1 DO mmH2 O agai nst the atnospheric pressure.
The anneal i ng f ur Theeprésenhdnwention B @ fisst lasgech prdvides ramabppacdtusrforofreatment &6
litre with the tenperature at_ about 800 C and the internal pressure set to

some 50 mrH2 eshaustgaspscontaining bydipgen, CPMPHSCSt r eat ment of exhaust gases
cont ai ni ng hydrog (PTol t i i i nﬁé?:@é'
anneal i ng furnacegg %?dgh és.ngap&algltn %l?xe{&fshgag c%ﬁ%ﬂ%%g’?nncgnu aé‘t@?‘?%’%“‘ﬁﬂ}g‘%.
Needl ess to sempe tdfi extmpgtagases coftairsng hydrogapland dislvingt @ drivee fluikb suppsly pdrt
exhaust S cont aj ingnh¥dro enlsuch as chem cal plants. Referring to Fig.
1, the ag@arﬁ‘t’ﬂ?c fiQ AN OX¥Een Y 8¢9k haust gases contai ni ng hydrogen
conprises reactor dfspdn VRhdidi e I LEtNeER sk
8b) drain reservo?r 9 aﬁgx %e,n hydr ogen ﬁ@ﬁﬂacﬁmﬁﬂﬁfﬁ oERETA dife
discharge port of the vacuum generator, and

a drain reservoir connected to an outlet of the reactor for storing water discharged
" from the reactor.
15
The present invention in a second aspect provides an apparatus for treatment of
exhaust gases containing hydrogen as described in the immediately preceding paragraph,
wherein there are additionally provided:
a second hydrogen-oxygen reactor provided with a catalyst and connected to an
20  outlet port of the drain reservoir and
a second drain reservoir connected to an outlet of the second reactor, for storing

water discharged from the second reactor.

The present invention in a third aspect provides an apparatus for treatment of

25  exhaust gases containing hydrogen which comprises:



1

26 June 2002 10 concentration neters 11 and 12, a check val ve 13 and

control valves 14 and 15. The principle, which will be described belowin
detail, is this: gas G containing hydrogen is drawn into the reactgor_ 5 from
t he hydrogen annealing furnace 2 by utilizi ngrtPax&it el une, 2002 5 yum

generator 7. H2 in the exhaust gas Gis Allowed to react with 02 to turn
into H2 Oin the reactors 5 and 6. In Fi*g. 1, the reference nuneral 16

i ndi cates a supply val ve for oxygen gas or a m xture of 02 and N2 connected
to an oxygen gas supply source (not shown); 17, a supply valve for N2
connected to a nitrogen gas source (not shown); and 18 and 19, drain

val ves. The r eaejestas-tgpenacugmn genasaioh hivingedsustion postacennectsd rtaca disgharge
conponent 5b provided with a gas feed port 5a, a reactor structural
conponent S@ufteost edithudt lised dBRtadditiy chydespeh adod- having @r tribe fluad Gupple powd
conponents 5b and 5d are placed opposite each other and conbined to form

the react Oreonh@:tdd¥® ah¥x§EdPor SPRPPlyRbuicdBe reactor, an inlet reflector unit
5e, an outlet reflector”unit 5f, "and a diffusion filter 5g are provi ded and

a platinum coagt K Y t [ I

Fenctor st ruct b SroUh Rt (MG oA ik A a8 LRl 4 dBle iRy, o
are the sa s the o whi ch the present inventors have already disclosed
in Japanesg‘F‘ tpogwgﬁbmcpwngﬁmrﬁw& No. 08-242246) PCT-JP971100188 and
others. Description of the reactors is omtted in the present

speci fi cat i ona drain 2gsepupircorzolieat exchphger\capuastadgierraraatlet of7the seagtar for stbtiegl

ej ector type vacuum generator in which vacuumis produced at the suction
port 7b as waegdischarged thareframne of 02 and N2 is supplied fromthe drive
fluid supply port 7a. In Fig. 1, the pressure at the suction port 7b is

reduced by ”Dh%eédﬁﬁ%g&%f&yﬁ@oacﬁﬁiﬁzg&exfaf&'ﬂawﬂ auBL APFSrR EbriRcted 88 8 WhiktrEV el
as the vacuum generator 7 operates. The backrl ow checks 8a and 8b are

orifices f ' t f. e i £ t he
borc a2 of RS, BB ol e A PRl S B enf kiahi R Harde" 0 T | T
checks 8a and Eb %Tre to &{)event t he drive lOz gas supplied fromthe oxygen
gas supply UBBYROTEOIRTEFLIRIANP*EEEKO A SURBYFPEFar ge source of the exhaust
gas contai ni ng hydrogen or the hydrogen annealing furnace 2. The orifice
bores 01 and @3e¢andlivdragen-oxeen waePr providedwithha cafalyst andheopnested & 2 drike t he
flow velocity of the exhaust gas G flowi ng fromthe hydrogen annealing
furnace 2, fikiddisoharge portf thagetond vaouuga gerferason, fhdaihigl avkm generfioghaving t wo
orifice plates 8a and 8b are used. Needless to say, one or nore than two

orifice plaf artisRypoReotsRetkd tbta miktdt SidehRe sido I thesebbtl redctof M&l kaving a
orifices with an identical bore dianeter are used as backfl ow checks 8a and

8b. The ori i veShidB¥ppPEport connected to a nitrogen or air supply source.

In a preferred embodiment, the apparatus is provided with a backflow check on the
connecting pipe between the discharge source of exhaust gases containing hydrogen and
the suction port of the vacuum generator. Preferably, the backflow check is one or more

orifice plates inserted in the flow path.



26 June 2002 92 different in bore dianeter. Instead of the orifices, valves
or ‘the like may be utilized to reduce the sectional area of the flow path.
The. drain reservoirs 9 and 10 are to condense steam di scharged fromthe
reactors 5 and 6. Steam condenses into wat er ReplacementiSheis 6 Juned@02 he
drain reservoirs and the condensed water is stored therein. There will now
be described the operation of the apparatug.for treatnent of exhaust gases
cont ai ni ng hydrogen according to the present invention. In starting up the
apparatus, the 02 supply valve 16 is first opened and a specific flow rate
of 02 is fed into _the drive fluid supply, port 7a. As Q2 is.supplied, a
vacuum i s producel PRE £PR0 f Bﬂﬂ}?og‘ge‘%i/"&g’ e 5epgtor Intg 8?’%%&‘%@&? ajreactor
opened, the exhaust gas G contai ning hydrogen is sucked fromthe hydrogen
anneal i ng f ustmotwral componanit eproeided rwithe e gat deed7 porthands apatber esdctorsstrugaralG
containing hydrogen is led into the reactor 5 along wwith OZ comng fromthe

02 supply vatotipckfent prsvddedowitlea moisturel @akierdud pofieart rplaied ropbbsite! edch StheiNehd
diffuse into the interior space of the reactor structural conponent 5b, and

are further gi i . i - L i

onctor st uliiep Htihg Retol, yrdif Rt bleHovied I8 SIRREIL e B Bt afe |
the mxture fluid diffused, into the interio ce of. the reactor

struct uraP cEfrtiéBtﬁé Npitsan ghtlet ﬁ@gdﬁﬁ?“é?r W@%ﬂ%ﬁ@ﬁﬁfﬂ%ﬁlm’ 2‘6‘{ YSE’@“‘ZB’GZWT
contact with the high tenperature platinumcoated catal yst |ayer 5h

provi ded on stmustirakdomponentihaving theameistiee toke-gutrnoctis peavided ithraeatalgst theggion
contact with that catalyst |ayer, hydrogen and oxygen are radicalized by
catal ytic action and instantaneously react to produce water. Produced water
turns into steamand is discharged along with residual oxygen gas 02 into

the drain reservopfefGablyr tieHatdliyie efiployel'if tH@?eaEfég([@) b phinunbeodddd Edislyst

reactor 5 and condensed”into the |Iiqui'd form and ored therein. The rate

of reaction Ret I i 7 o0 98 percent. In
case the i x e Wavidet BF et fof 8 adlor Mt BipbRed”, °, PECET
reaction rate rises up to sone 98 percent where the anount of unreacted
hydrogenlpn the exhaust gas G fromthe drain reservoir 9 is so lowas to
be negligible. In case the flow rate of exhaust gas G contai ni ng hydrogen
or the H2 coBEéﬁlRtIBTIQNQFnTTﬂEBR@FEBB&DEE@QDH\d&TShe hydr ogen anneal i ng
furnace 2 fluctuate violently, the volunetric ratio between H2 and 02
flowwng into the reactor 5 naturally change greatly. And so does the rate
of reaction between HZ and 02 in the reactor 5. This holds true with the

case where the fl|Qyu @nBodifetslofthd RSP inventidn QA1 be HestriBéd PMord Sihas

suddenly increases. The rate of reaction between H2 and OZ drops bel ow t he
set |evel, C ion of hydrogen in the exhaust gas G fromthe
drain reserS%@?é@§?§§§§§g&ﬁ@§6 June 2002 14 In such a case, the exhaust gas
G is segs to the second reactor 6 through t-he check valve 13. In the
second reactor 6, the residual HZ and 02 react by catalytic action and turn
into H2 O Thus, the unreacted hydrogen in the exhaust gas G' fromthe

drai n reservoir 9Bigdedr shews a ocopdigurationt example giof| thel apparatust fors tmeatment
that there is nmuch fluctuation in the amount of exhaust gas G contai ning
hydr ogen, the concentration of hydrogen in the exhaust G fromthe hydrogen
anneal ing furnace 2, or the pressure inside the furnace 2, depending on the
operating conditions of the hydrogen annealing furnace 2. Since) however,
the outlet side of the hydrogen annealing furnace 3 is always naintai ned at
a specific degree of vacuum by the vacuum generator 7, the exhaust gas Gis
al ways snoothly led into the reactor 5 regardless of the operating
conditions of the hydrogen annealing furnace 2. In addition, backflow
checks 8a and 8b are provided on the outlet side of the hydrogen annealing
furnace 2 to raise the flow velocity of the exhaust gas G fl ow ng through
the flow path. Even if) therefore, the flowrate of the exhaust gas G or
the pressure within the annealing furnace 2 should change suddenly, there
will be no possibility that the drive fluid 02 in the vacuum generator 7

fl ows back into the hydrogen annealing furnace 2. Fig. 3 shows a testing
arrangenment for the apparatus 1 for treatnent of exhaust containing

hydr ogen gases according to the present invention.




t

, t 26 June 2002 15 The tester is provided with a hydrogen supply unit 20
i n place of the hydrogen annealing furnace 2 which is a discharge source of
t he hydrogencontaining gas G H2 was fed to the vacuum generator 7 through
a mass flow neter 21, a hydrogen concentration dJunedB0»2 a pressure
gauge 24p, a quadrupol e mass spectroneter 25¢, and an orifice 26a (f~1 =
1.0 mJ), an orifice 26b (f~2 = 1.0 mf~). To the drive fluid supply port
7a of the vacuum generator 7 was fed 02 through a mass flow neter 27 and a
pressure gauge 28. Furthernore, the reactor 5 used was about 114 mM®O in
outside dianmeter, some 31 mMmmin thickness and 86 cnB in interior space or
internal volume and was provided with of8 an area of sone 99 cn? of the

pl ati num coated catal yst |ayer. Table 1 shows the relationship between the
flow rate, pressxhaushigasbs cgpatairing dwytdesgemacdordingderthetpresentrineentiont i on of
HZ in the gas Enﬂ_the‘ unt of ,02 fggvinto the,va@uun1generator 7 and the
resi dual H coWRiER$ 2pplied 12 semicandyatar manufactuPg iR&r ged from t he react or
5. 26 June 2002 16 Table 1 Exhaust gas containing hydrogen (G Anount of
QzConcentrati onConcentrati onsupplied toof HzZof Oz whi chvacuuntont ai ned

i nhas fl owedgener anoFig exhhes trefprsmes nunterahdGindicates ahgedpparatgse fér om
t heanneal i ngFl ow Rat eH2Pressure atreactor 5furnace 2concentrationthe
upst r eansi de 6eatmant-of exbagshgases Geptaining hydrogen; 2, a hydrogen annealing

"L10" 5o, b0~ 10 EES 780009 Heatoidhe sephindicit Hentis iy e W S 27 o

the table, th oyt ghdli dr ogen
conti nuously gn smgg% ?ﬁ%ﬁ%ﬁ%g tfsi? %g&gﬁ;ﬁh?fg;yﬁléggg gf %%?éﬂ@pm
fl uct uati ons systernpahd dyargasesupplyt systemaco@irbt.om its source

The hydrogen annealing furnace 2 serving as a discharge source of
exhaust gases containing hydrogen, is a heating furnace with the internal
pressure increased by 50 to 100 mmH, O against the atmospheric pressure.
The annealing fumace 2 shown in Fig. 1 has an internal volume of some 10
litre with the temperature at about 800° C and the internal pressure set to

some 50 mmH, 0.

In Fig. 1, the apparatus 1 for treatment of exhaust gases containing
hydrogen according to the present invention is applied to the annealing
fumace 2 which is part of the semiconductor manufacturing line. Needless
to say, this apparatus 1 is also applicable to other sources of exhaust gas

containing hydrogen such as chemical plants.

Referring to Fig. 1, the apparatus 1 for treatment of exhaust gases
containing hydrogen comprises reactors 5 and 6, a vacuum generator 7,
backflow checks 8a and 8b, drain reservoirs 8 and 10, hydrogen



and the concentration of HZ contained therein. 26 June 2002 1? EXAMPLES
Fig. 4 shows an exanple of the apparatus for treatnent of exhaust gases
cont ai ni ng hydrogen according to the present invention. In this exanple) H2
from a processing chanber 2 or the like in the s2dungl03t or manuf acturing
line flows in the suction port 7b of the first vacuum generator 7 through
the valve 22 and the orifice 8 at the rate of sone 4 litre/mnute. And to
the drive fluid supply port 7a of the first vacuum generator 7 is fed 02 or
air at the rate of sone 2.4 litre/mnnute through the valve 23. Thus, H2 is
sucked in fromthe suction port 7b, and a m xture fluid Go of H2 and 02 or
air flows into the first reactor 5. TheWirst reactor 5 is di sk- shaped and
about 228 mmin outside dianeter and sone 38 mmin thickness with a

noi st ure genefeRqenialion Mmetess btk and $2® cheoki valke:13 and cantsol valvwesokd andz and 02

LS oht ol med anay of e APDEPIE, SyHER wi B8 AGsShiHbE Hedlh dn dRtail s NS, BB B 075 97
reservoir 9 tasHBing MRIreBEs Is-drawaastolthe fedtttr SPR6M thE hpdrogBA dnnealing eact or
5 and the check val ve 26. "The concentration of HZ in the aforesaid m xture

fluid Go' is tsnaden2bystiizingwacusine grasyiced hy thevasuuovgeneratant/i di, indheer 11.

Whenever the concentyation rises to fall ,in the pLosi.on range,,. safety
neasures i ncl E%T%?Qﬁs !§rqnoq)0ﬁ4 toﬂ'gaﬁtc"f"h'hbeéo gémdntﬁéflxitérm the E?ﬁﬁtg@.s k26
June 2002 18 Jhegpresent exanple uses a drain reservoir 9. A heat exchanger

(not shown) nay be used instead. The steamin the mixture fluid Go' which
has flowed into the drain

In Fig. 1, the reference numeral 16 indicates a supply valve for oxygen
gas or a mixture of O, and N, connected to an oxygen gas supply source
(not shown); 17, a supply valve for N, connected to a nitrogen gas source
(not shown); and 18 and 19, drain valves.

The reactors 5 and 6 are each formed of a reactor structural
component 5b provided with a gas feed port 5a, a reactor structural
component 5d provided with a moisture gas take-out port 5¢, and the two
components 5b and 5d are placed opposite each other and combined to
form the reactor. In the interior space of the reactor, an inlet reflector unit 5Se,
an outlet reflector unit 5f, and a diffusion filter 5g are provided and a platinum
coated catalyst layer 5h is formed on the inner wall of the reactor structural
component 5d, as shown in Fig. 2.

The reactors 5 and 6 are the same as the one which the present
inventors have already disclosed in Japanese patent application filing No.
08-242246, PCT-JP97/100188 and others. Description of the reactors is

omitted in the present specification.



reservoir 9 condenses and is collected as the so-called drain therein)
which is then discharged out through the drain valve 18. The m xture fluid
G which has been cleared of noisture gas and di scharged fromthe drain
reservoir 9 flows on to the suction port 19b dﬁhbﬂéﬁﬁgéond vacuum gener at or
19v. To the drive fluid supply port 9a of the second vacuum generator 19v
is fed OZ or air through the valve 24. Thus, the mxture fluid G is sucked
in fromthe suction port 19b, and a m xture of the mxture fluid G and 02
or air flows into the second reactor 6 fromthe di scharge port 19c. The
second reactor 6 is di sk-shaped and about 114 mmin outside dianeter and
some 34 nmmin thickness with a noisturtl generating capacity of 1,000
cc/mnute. In this reactor 6, the unreacted H2 in the mxture fluid G and
02 react to turn Thetvacuuirsgeneraton? is d se-called ejeetdritypedvaduunogereratorg

noi sture di scharged fromthe i sture take-out port 6¢ of the second
reactor 6 f |"am§"%hvewmés Prﬁ@eélﬁﬁ%ﬁuw pqr@)%b@s @n@as Al adNkiEAUm

gener at or ZQﬁOénaeqﬁﬁb%%ﬁgg%ﬁtﬁdﬁmmaispﬁp&lyéiﬁpgéuppl y port 20a of the

third vacuumg or air val ve 25. Thus, the
m xture fluid G' fromthe aforesaid suction port 20b is sucked in and m xed
wth N2 or air to be discharged out to the atnpsphere fromthe drive fluid
di scharge port 20@ Fichrlethghpressunetat thesuction parh & is nedueath By sporgdbatt i s

di scharged into concentration nreacted H2 has been

Codonan to st 16 AEEh 8 Hom b ReroPRrR esRie Toud AR Pl o

damagi ng th @Yétbpzrﬂi@?atbg. any way. (Effects of the Present Invention) It
is so arran?e In the present invention that the exhaust gases contai ning

hydrogen are forced to be sucked in fromthe discharge source of those
exhaust gases by_usjing.an ejectqr t vacuym gener gtor with,0 as serving
as a drive fluidh chﬂ?@ﬁ%&l?@ﬁ@@fﬁﬁiﬁc@g e Jhpléw?ﬁ'ﬁ-@eﬁifﬁ?ogen are
m xed with i i t ) rolni= i ed into a
reactor, mﬁﬁ%ﬁ@é@ﬁ%ﬂﬁ%ﬁﬁ%@?‘g tgﬁﬁo@v\%ép{h% dr’bz'"élct b;'/"EI gﬁg{ﬁg‘)yti C
action and thave thasamaadiametdhat pernits sucking and feeding the exhaust

gases into the reactor irrespective of violent changes in the flow rate of
t he exhaust gases and the concentration of hydrogen therein due to changes

in the operating cARdELEARSY checks 8a and 8b are to prevent the drive O, gas
supplied from the oxygen gas supply source from flowing back to the
discharge source of the exhaust gas containing hydrogen or the hydrogen
annealing furnace 2. The orifice bores @1 and @2 reduce the sectional area
of the gas flow path to raise the flow velocity of the exhaust gas G flowing
from the hydrogen annealing furnace 2, thereby preventing the O, gas from
flowing back.

In Fig. 1, two orifice plates 8a and 8b are used. Needless to say, one

or more than two orifice plates may be used.

It is also noted that in Fig. 1, the two orifices with an identical bore

diameter are used as backflow checks 8a and 8b. The orifices may be



Repl acenent Sheet - 26 June 2002 '~20 at the discharge source of the gases
cont ai ni ng hydrogen, thereby elimnating all various inconveni ences
encountered with the prior art external combustion unit. The present
invention, in its second aspect, adopts a two-s28June2892ent by two S
reactors, which permts conplete treatnent of exhaust gases contai ning
hydr ogen di scharged at a great flowrate. Further, the present invention,
inits third aspect, is so arranged that two reactors and three vacuum
generators are enpl oyed wherein the exhaust gases are diluted with a 10

| arge anobunt of air of N2 gas and then di scharged into the atnosphere,

whi ch permits a nore conplete and safer % eat ment of exhaust gases

cont ai ni ng hydrogen di scharged at a great flowrate. In addition, according
to preferred diffecetitirebore dianidier. dnsteadtofithe erificas) valvies ot thefiikmaeyuse i s so
configured that, the flow vel oci t% o{@the fhogi ng exhaust gases contai ning
hydrogen is rHiiized tgyegdues the srrticRalanea e W Ratn: he f1 ow path of the
exhaust gases. That precludes the possibility of flow ng back of the drive
fluid @2 fromthe vacuum generator side, even if the flowrate of the

exhaust gases droThe draintresemvoirs9 and 10 amstosondpnsd steahi dis@mge@&ohac kflow
checks. That permts size reduction and sinplification of 20 backfl ow

checks. Al so, thevegelorebrand Gnbleaneendensas inip water entherinside walle séthe
oot SR PR F i BdSTRB St EBABMBR 55 e B0 278

There will now be described the operation of the apparatus for
treatment of exhaust gases containing hydrogen according to the present

invention.

In starting up the apparatus, the O, supply vaive 16 is first opened and
a specific flow rate of O, is fed into the drive fluid supply port 7a. As O, is
supplied, a vacuum is produced in the suction port 7b. As the control valve
14 is opened, the exhaust gas G containing hydrogen is sucked from the

hydrogen annealing furnace 2 into the vacuum generator 7.

The sucked exhaust gas G containing hydrogen is led into the reactor
5 along with O, coming from the O, supply valve 16. Those gases collide
into the inlet reflector 5e and diffuse into the interior space of the reactor
structural component 5b, and are further diffused uniformly by the filter 5g
before getting into the reactor structural component 5d on the outlet side.

Hydrogen and oxygen in the mixture fluid diffused into the interior

space of the reactor structural component 5d on the outlet side come into



reflector and a diffusion filter, which permts treatnent of a great anount
of - exhaust gases contai ning hydrogen at a high reaction rate by a
smal | -si ze and snal | -capacity reactor, thereby substantially reducing the
size of the apparatus for treatment of exhaust @8d88e2B03 5i njing hydrogen
and | owering the treatment costs. 5 In addition, the reactor structural
conponent is preferably provided with a platinumcoated catalyst |ayer on

the inside wall, which permts substantial size reduction of the reactor
and raise the rate of reaction between Hand 0. 10 As set forth above, the
present invention brings about excell entygpr act I cal results. 26 June 2002

22 BRI EF DESCRI PTION OF THE DRAWNGS Fig. 1 is a systemdi agram of the

apparatus for . € . ai.ni i | eh the
o eaent 1 nvenePURE TS e aR toiAb SR PR G ALbaRSh SR AT Ry o
is a vertical on¥esinsRizalall bfthe Péactor ammafc&hpanéﬁas‘d. QpatPEshtat wilte
apparatus for treatnent of exhaust gases contai ning hydrogen according to
t he present i thatcatalyst |&jeg, hygirogem ang sixygenliang radicalized by=catalytic aetian f or
testing the apparatus for treatnent of exhaust gases containing hydrogen
according to gﬁ&"ﬁ%@@ﬁ?"ﬁ’ﬂVé‘?ﬁ‘%ﬂPr L&e‘ﬁgﬁ% an exanpl e of the apparatus

for treatnent of exhaust gases containing hydrogen according to the present
invention. Fig. 5 is an exanple of the prior art high-tenperature
conmbusti on di spos#Frodyxeay wates turns into eteameand i digcwrged alongiwithgsiayer ogen.

oxygen gas O, into the drain reservoir 9 through the moisture gas take-out
port 5¢ of the reactor 5 and condensed into the liquid form and stored
therein.

The rate of reaction between H and O in the reactor 5 is some 70 to
98 percent. In case the mixing ratio of Hto O inthereactor5is2:1t01:
1, the reaction rate rises up to some 98 percent where the amount of
unreacted hydrogen in the exhaust gas G' from the drain reservoir 9 is so low

as to be negligible.

In case the flow rate of exhaust gas G containing hydrogen or the H,
concentration in the exhaust gas G from the hydrogen annealing furnace 2
fluctuate violently, the volumetric ratio between H, and O, flowing into the
reactor 5 naturally change greatly. And so does the rate of reaction between
H, and O, in the reactor 5. This holds true with the case where the flow rate
into the reactor 5 of O,, H , or H,O mixture gas suddenly increases. The rate
of reaction between H, and O, drops below the set level, and the
concentration of hydrogen in the exhaust gas G' from the drain reservoir 9
rises.



Fig. 6 is a prior art reactor to react oxygen and hydrogen by catal yst.

26 June 2002 23 List of Reference Nunerals and Letters 1Apparatus for
treatment of hydrogen-contai ned exhaust gases2Hydr ogen. _anneal i ng furnace

(di scharge source of hydrogen-cont ai ned exhaust s supply systendGas
supply system control 5React or 5aGas feed port5bReactor structural

conponent 5¢cMoi sture take-out port5elnlet reflector unit5fQutlet reflector
unit5gbDiffusion filter5hPl ati num coated catal yst | ayer 6Second

react or 7Vacuum generator 7abri ve fluid supply port7bSuction port7cDrive
fluid discharge port8a, 8bBackfl ow cheds9, " 10Drain reservoirsii, 12Hydr ogen
concentration netersl3Check val ve 26 June 2002 24 14, 15Control val vesl6
-02 supply val velimguelupmasey theyextmust gs £5'nis\sent & they secanshreastars ned

exhaust gasG;Exhaust gas from in reserveir, 9G' Exhau as, fromthe
crai - r eser v PG Binlih DR nindh spab festior's, 1 rSiiia] b O; "
generat or 22, rappy bf%ata?ﬁ?éaédﬁﬁﬁ%ﬁ@hﬁﬁ\“intﬁ‘w@??ﬁﬁ(@ftﬁeth?éh@@ dgeNfp T oW ng
out into atnosphefe 41 t Reul acenent Sheet - 26 June 2002 ~=~~- 25 Wat
i s clained ithe gxhaustogas it foomfthe draimtesemvoinflOeddcreasesgtsan almasti ni ng

hydr ogen, which comrises: 5 an ejector-type vacuum generator ('7) having a
suction port n?Q'!S'bgﬁﬂYﬁJct ed

It is noted that there is much fluctuation in the amount of exhaust gas
G containing hydrogen, the concentration of hydrogen in the exhaust G from
the hydrogen annealing furnace 2, or the pressure inside the furnace 2,
depending on the operating conditions of the hydrogen annealing fumace 2.

Since, however, the outlet side of the hydrogen annealing funace 3
is always maintained at a specific degree of vacuum by the vacuum
generator 7, the exhaust gas G is always smoothly led into the reactor 5

regardless of the operating conditions of the hydrogen annealing furnace 2.

in addition, backflow checks 8a and 8b are provided on the outlet side
of the hydrogen annealing furace 2 to raise the flow velocity of the exhaust
gas G flowing through the flow path. Even if, therefore, the flow rate of the
exhaust gas G or the pressure within the annealing furnace 2 should change
suddenly, there will be no possibility that the drive fluid O, in the vacuum
generator 7 flows back into the hydrogen annealing furnace 2.

Fig. 3 shows a testing arrangement for the apparatus 1 for treatment
of exhaust containing hydrogen gases according to the present invention.



to a discharge source (2) of exhaust gases containing hydrogen and having a
drive fluid supply port (7a) connected to an oxygen supply source, a

hydr ogen- oxygen reactor (5) provided with a catalyst and connected to a
drive fluid discharge port (7c) of the vacuum g@fdunedP027) and 10 a drain
reservoir (9) connected to an outlet of the reactor (5) for storing water

di scharged therefrom 2. An apparatus for treatnent of exhaust gases
cont ai ni ng hydrogen, which conprises: 15 an ejector-type vacuum gener at or
(7) having a suction port (7b) connected to a discharge source (2) of
exhaust gases contai ning hydrogen and having a drive fluid supply port (7a)
connected to an oxygen supply source, afiBydrogen-oxygen reactor (5)
provided with a a catalyst and connected to a drive fluid discharge port
(7c) of the v@heumstEnisr ptovided’with 28 hyddogem supplyr unit 120( #) plagenettisl to an
outl et of the reactor" for storing water discharged therefrom a second

5
hydr ogen- oxygavdrpsgata@%e%mg ymagedewhighds aslischarge seurep @f the Rydoeant o an

connect ed 1o S ETifaBeg ST RE B S nERpRuREGSa Y Brafdfh Hater 1
di scharged t hgewinétar 28; a dregem cahcsntiation deRAGEIY, afiressiire Yalige 2495
cont ai ni ng hydrogen which conprises: an ejector-type vacuum generator (7)

havi ng a suct aquagdospolé Tysscapectrometer2bq, @and an erificer 26a @1 =ch0ram@)
exhaust gases _cont.ai nj dr,qoen d having a drive fluid supply port (7a)
connected to Qﬂoﬁﬁﬁgﬁgg Tf'clgﬁ‘ﬂbég source, Repl acement Sheet - 26 June
2002 ' -26 a hydrogen-oxygen reactor (5) provided with a catal yst and

connected to a
To the drive fluid supply port 7a of the vacuum generator 7 was fed

0, through a mass flow meter 27 and a pressure gauge 28.

Furthermore, the reactor 5 used was about 114 mm& in outside
diameter, some 31 mm in thickness and 86 cm3 in interior space or internal
volume and was provided with of an area of some 99 cm2 of the platinum

coated catalyst layer.

Table 1 shows the relationship between the flow rate, pressure of the
gas G containing hydrogen, the concentration of H, in the gas and the
amount of O, fed into the vacuum generator 7 and the residual H,
concentration in the exhaust gas G’ discharged from the reactor 5.



drive fluid discharge port (7c) of the vacuum generator (7),

reservoir

a drain

(9) or a heat exchanger connected to an outlet of the reactor

for storing water discharged therefrom S a secqnd ejector-type vacuum
generator (19v) having a suction port (19b) con
the drain reservoir (9) or the heat exchanger and having a drive fluid

supply port (19a) connected to an oxygen or air supply source,
hydr ogen- oxygen reactor (6) provided with a catalyst and connected to a
drive fluid discharge port ( 19c) of the second vacuum gener at or
and a third vacuum generator (20v) havin

an outlet of the second reactor
(20a) connected to a nitrogen or air supply source.

treat ment of ¥abladst gases containing hydrogen as defined in claiml,

(6) andt

(5)

an outl et side of

a second

10 ( 1

9v),

a suction port (20b) connected to
aving a drive fluid supply port

15 4. An apparatus fox

c

| ai m

2 or claim3, wherein there is provided a backfl ow check in the connecting
pi pe between the discharge source of exhaust gases containing hydrogen and
26 June 2002 27 5. An

t he suction port of the vacuum generator

a

apparat us for : as—defined in
claim4, whei ¢ mrbonh'alopl &opeeniratisel t ed
in the flow path. 6. An apparatus for treat mueddq xhé?ﬁ'sht es@éowwm ni ng
hydrogen as defined in claim1, claim2 o ] 73 is
so configured that a reactor structural cn’bb’ﬁ'@lﬂ't Pr & h)%( g 1eed
port and anotther reactc al—coppadent provi e mw
t ake- out porﬁ &w Rafeac pd omaosi tle Ressaie ot rer and conblmetdr&o fommhdefze
reactor, wherjein in thgconeertationr| thpupstieagf [t he reactjor, an inllet reflector
unit, an outllet reflector unit gn o“‘%ﬁ&f‘?fﬂ:si on filtler are prqvided) wherein
the reactor g$tr ral|co nent| h e isturje t -out] port,.is
provi ded wt twﬂ%&lgm n% An- .f_n.%mn.ta_&ﬁ.f_e;,hau&.gas.as
cont ai ni ng hydrogen asjdefizoed ijn ctméon 1] clazm 2,} cl a.an 3 qr ckedim 6
wherein the ¢gararyst 15 a QpLatinum cQatedjcat ayst | ayer.pr oyl ded,om the
inside wall qQf _the reattor °Strudtural cooponen 0.03
. Ae. A9. AS[ % ﬂ\S[ . AyH A N9, AY0AR A A@ AR A por. A2. Ar. JAyHip.ode. A|AE. A#. A?. A@y.
Ay. Ay9. As. Ay [y ?VvoaStT =Tt N
~yt oj d_zU] cajlcalcd] cral cal @3] callcal ?‘%?Q:a] ral cal cal cal c%al cdal calcal ca] cal
cal] ca] ca] ca] ¢a] cajca] cp] ca 5bJ] C "aU] C: a] C: ﬁﬁ' 5 0.07 »

5 100 . 5 0.09 "

10 20 10750 10 0.08 "

10 50 - 10 0.14 "

10 100 " 10 0.20 "

As is evident from the table, the apparatus 1 can treat the exhaust gas

G containing hydrogen continuously and smoothly on a stable basis

regardless of violent fluctuations in the flow rate of the gas G from its source

and the concentration of H, contained therein.
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10<910%: () 09 dELCI109&

L109%: () - L109gh E’@O/ '21‘6‘9%? ke ')S%?Lm( ) He BhGieagtAnd firm infd moisture
gas. The mixture ﬂuud Go' of the moisture gas as obtained above and
unreacted H, and O, or air is then led into the drain reservoir 9 through the
moisture gas take-out port 5c of the first reactor 5 and the check valve 26.

The concentration of H, in the aforesaid mixture fluid Go' is
continuously monitored by a hydrogen concentration meter 11. Whenever
the H, concentration rises to fall in the explosion range, safety measures

including an alarm will be actuated as a matter of course.



10 10, : 109%&' () - 9- 109%& () - Y+310%&' ()- 9" 109%& ()-L! 10%&' ()- dEYNC
S109%& () - &109%& ()-S109%&' ()-, 109%& ()- f109%&' ()- @O% ()-1/rYdE: / 10
10: ° 10%& () - @ 3109%&' ()-S*10%& ()-& @ 10%& ()-S_10%&' ()-y3109& ()- 4QXY:/
10, 109&' ()- f10%& ()- S10%& ()-f, 109%& () - fm%&-zgyb.@éhi()- 10"/ 012dE: / 10
10Y: 10%& ()-f3109%& ()- 1F109%& ()- S&L0%&' ()-:s$s10%& () - S10%& () - S23@8}, xY: /
10y109%&' ()- 3109& ()- y 109 ()-yyl0%& ()- s10%&' ()- @O% ()- 10,j KdE:/
10yy$109%& () - y#10%& ()- @' 109& ()-y10%& () -, 109%& ()-yS10%& () - kRAE: /
10yys010%&' ()- .10%&' ()-yl +109%& ()-

18

The present example uses a drain reservoir 9. A heat exchanger (not

shown) may be used instead.

The steam in the mixture fluid Go' which has flowed into the drain
reservoir 9 condenses and is collected as the so-called drain therein, which
is then discharged out through the drain valve 18.

The mixture fluid G' which has been cleared of moisture gas and
discharged from the drain reservoir 9 flows on to the suction port 19b of the

second vacuum generator 19v.

To the drive fiuid supply port 9a of the second vacuum generator 19v
is fed O, or air through the valve 24. Thus, the mixture fluid G' is sucked in
from the suction port 19b, and a mixture of the mixture fluid G' and O, or air

flows into the second reactor 6 from the discharge port 19c.

The second reactor 6 is disk-shaped and about 114 mm in outside
diameter and some 34 mm in thickness with a moisture generating capacity
of 1,000 cc/minute. In this reactor 6, the unreacted H, in the mixture fluid G'

and O, react to turn into moisture gas.

The mixture fluid G" containing moisture discharged from the moisture
take-out port 6¢ of the second reactor 6 flows on to the fluid suction port 20b
of the third vacuum generator 20.
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To the drive fluid supply port 20a of the third vacuum generator 20v
is fed N, or. air through a valve 25. Thus, the mixture fluid G" from the
aforesaid suction port 20b is sucked in and mixed with N, or air to be
discharged out to the atmosphere from the drive fluid discharge port 20c

through a vent pipe 27v.

When the exhaust gas G1 is discharged into the atmosphere, the
concentration of unreacted H, has been reduced to less than several
hundreds of ppm which poses no threat of damaging the environment in any

way.

(Effects of the Present Invention)

It is so arranged in the present invention that the exhaust gases
containing hydrogen are forced to be sucked in from the discharge source
of those exhaust gases by using an ejector-type vacuum generator with O,
gas serving as a drive fluid, wherein the sucked exhaust gases containing
hydrogen are mixed with the drive fluid O, gas and the mixture as obtained
is led into a reactor, where hydrogen and oxygen are allowed to react by a

catalytic action and turn into water.

That permits sucking and feeding the exhaust gases into the reactor
irrespective of violent changes in the flow rate of the exhaust gases and the
concentration of hydrogen therein due to changes in the operating conditions



10%r& ()-S 10%m& ()- 10%& ()-YS

10%r8 () - @0%& ()-! 10%m& () - &$z$$% WWRJE_@ 10#! 10%r8 ()-!! 10%m& () - @
10%r& () - f &L0%T& () - 9! 10%m& () - @ 10%m& () - &X&& X' ' """ dYNC 10 10m 10m

10m f 10%r& () -y, ! 10%& ()-L*!10%r& ()- (S 1Raepkacement $heate’ 26 June 2080 ( (dEYNC
10 110%& ()- '10%& ()- '10%& ()- f 10%& ()-gl0%& ()- 10%& ()-
))*S*\V*dEYNC 10 Onml0% & ()- GF 10% & (}2@10%& ()- f 10%& ()-

L1 10% & () - z#10% & ()-****1+2+3+4+A+xnbC 10YS10%44& ()- 10z 10z 10zS *
10%& ()-3(10%& ()-&10%& ()-S# 10% & ()- A+Ct+, - | - . dEnbC

1oL0% () - &8¢ chargd 3odie 6f the Hasds&olnainidd WFtofen, HXHBY diiminatify] APOARAE /

. 0, ! - 0, ! - 0, ! - 0, ! - 0, ! - 0, ! -
L0M 109 (), EXL0UE () 2000 AT ol 9 o+ ) -00003263( 5
I'C. 10% 0' 0& ()-& 10% o' 0& ()-!k10% o' 0& ()-10% 0& ()-910% 0& ()- @0% o0& () -
10HQBR6S6T6UBb6E6617 @ ! C. 1@109%& () -

The present invention, in its second aspect, adopts a two-step treatment by two
5 reactors, which permits complete treatment of exhaust gases containing hydrogen

discharged at a great flow rate.

Further, the present invention, in its third aspect, is so arranged that two reactors

and three vacuum generators are employed wherein the exhaust gases are diluted with a

10 large amount of air of N; gas and then discharged into the atmosphere, which permits a
) more complete and safer treatment of exhaust gases containing hydrogen discharged at a

great flow rate.

In addition, according to preferred embodiments of the present invention, the

15 apparatus is so configured that the flow velocity of the flowing exhaust gases containing
hydrogen is raised by providing backflow checks in the flow path of the exhaust gases.
That precludes the possibility of flowing back of the drive fluid O, from the vacuum
generator side, even if the flow rate of the exhaust gases drops. Furthermore, orifices are
preferably used as backflow checks. That permits size reduction and simplification of

20  backflow checks.

Also, in preferred embodiments the apparatus of the present invention is so

arranged that the reactor is provided in the interior space with an inlet reflector, an outlet
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thereby substantially reducing the size of the apparatus for treatment of exhaust gases

containing hydrogen and lowering the treatment costs.

In addition, the reactor structural component is preferably provided with a platinum
coated catalyst layer on the inside wall, which permits substantial size reduction of the

reactor and raise the rate of reaction between H and O.

10 As set forth above, the present invention brings about excellent practical results.
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Fig. 1 is a system diagram of the apparatus for treatment of exhaust
gases containing hydrogen in which the present invention is applied to a

semiconductor manufacturing line.

Fig. 2 is a vertical, sectional view of an example of a reactor used in
the apparatus for treatment of exhaust gases containing hydrogen according

to the present invention.
Fig. 3 is a system diagram of an arrangement for testing the
apparatus for treatment of exhaust gases containing hydrogen according to

the present invention.

Fig. 4 is an example of the apparatus for treatment of exhaust gases

containing hydrogen according to the present invention.

Fig. 5 is an example of the prior art high-temperature combustion

disposal apparatus for treatment of gases containing hydrogen.

Fig. 6 is a prior art reactor to react oxygen and hydrogen by catalyst.
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ba Gas feed port
5b Reactor structural component
5¢ Moisture take-out port
5e Inlet reflector unit
5f Outlet reflector unit
5g Diffusion filter
5h Platinum coated catalyst layer

Second reactor

Vacuum generator

7a Drive fluid supply port

7b Suction port

7c Drive fluid discharge port

8a, 8b Backflow checks

9,10 Drain reservoirs

11,12 Hydrogen concentration meters

13 Check valve
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O, supply vaive

N, supply valve

Drain valves

Hydrogen-contained exhaust gas
Exhaust gas from the drain reservoir 9
Exhaust gas from the drain reservoir 10
Second vacuum generator

Third vacuum generator
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Vent pipe

Exhaust gas flowing out into atmosphere
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2.  An apparatus for treatment of exhaust gases containing hydrogen, which
comprises:

15 an ejector-type vacuum generator (7) having a suction port (7b) connected
to a discharge source (2) of exhaust gases containing hydrogen and having a drive
fluid supply port (7a) connected to an oxygen supply source,

a hydrogen-oxygen reactor (5) provided with a a catalyst and connected to a
drive fluid discharge port (7c) of the vacuum generator (7),

20 a drain reservoir (9) connected to an outlet of the reactor (5) for storing
water discharged therefrom,

a second hydrogen-oxygen reactor (6) provided with a catalyst and
connected to an outlet port of the drain reservoir (9) and
a second drain reservoir (10) connected to an outlet of the second reactor (6)

25 for storing water discharged therefrom.

3. Anapparatus for treatment of exhaust gases containiiig hydrogen which
comprises:
an ejector-type vacuum generator (7) having a suction port (7b) connected
30 to a discharge source (2) of exhaust gases containing hydrogen and having a drive

fluid supply port (7a) connected to an oxygen or air supply source,
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a hydrogen-oxygen reactor (5) provided with a catalyst and connected to a
drive fluid discharge port (7c) of the vacuum generator (7),
a drain reservoir (9) or a heat exchanger connected to an outlet of the
reactor (5) for storing water discharged therefrom,

5 a second ejector-type vacuum generator (19v) having a suction port (19b)
connected to an outlet side of the drain reservoir (9) or the heat exchanger and
having a drive fluid supply port (192) connected to an oxygen or air supply source,

a second hydrogen-oxygen reactor (6) provided with a catalyst and
connected to a drive fluid discharge port (19¢) of the second vacuum generator
10 (19v), and
a third vacuum generator (20v) having a suction port (20b) connected to an
outlet of the second reactor (6) and having a drive fluid supply port (20a) connected

to a nitrogen or air supply source,

15 4, An apparatus for treatment of exhaust gases containing hydrogen as defined
in claim 1, claim 2 or claim 3, wherein there is provided a backflow check in the
connecting pipe between the discharge source of exhaust gases containing
hydrogen and the suction port of the vacuum generator.
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6. An apparatus for treatment of exhaust gases containing
hydrogen as defined in claim 1, claim 2 or claim 3, wherein the reactor is so
configured that a reactor structural component provided with a gas feed port
and another reactor structural component provided with a moisture take-out
port are placed opposite each other and combined to form the reactor,
wherein in the interior space of the reactor, an inlet reflector unit, an outlet
reflector unit and a diffusion filter are provided, wherein the reactor structural

component having the moisture take-out port is provided with a catalyst.

7. An apparatus for treatment of exhaust gases containing
hydrogen as defined in claim 1, claim 2, claim 3 or claim 6, wherein the
catalyst is a platinum coated catalyst layer provided on the inside wali of the

reactor structural component.



