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DESCRI PTI ON PROCESS FOR PRODUCI NG GAS- CONTAI NI NG
CLEANI NG WATER, APPARATUS FOR PRODUCI NG THE CLEANI NG
WATER AND 5CLEANI NG APPARATUS TECHNI CAL FI ETD '
The present invention relates to a process for
produci ng a gas-containing cl eaning water, an
apparatus for producing the cleaning 10 water and a

cl eani ng apparatus. More particularly, the present
invention relates to produci ng a

gas- cont ai ni ng cleanlﬂgﬁmgﬁgiigéfch can produce a
gas-cont ai ning cl eaning water having a desired
concentration of the gas safely w thout using a _
PROVENSPOROPROETT ERYGTAS THNTASRUNG CUEANINAWATER,
vacuum punp, can reuse water and the specific gas 15

i N AMARATUCOROR PR OG 10CRG THE WARANBNGEW ATE Mg Nis ed
and can be advantageous%&}applled to cl eaning

el ectroni ¢ menber€ t degree of

cl eanl i ness such as S|I|con mafers for sem conduct ors
and gl ass substrates for flat panel displays, an

roduci ng the cleaning water and a
_ Nﬁ&ﬁﬁﬁfﬁ tus. 20 BACKGROUND ART Heretofore

the wpget ﬁfe%@ﬂt NGhRLHEES Selaals! 66 ahﬁo(gééé? %@@gg&ammg a

process has been mainly conducted cl eani
gasthsitantieg disadnasvariben u@br&heclhf @rb&udh@dustdeaning

The RCA cl eaning process is a cleaning
water and a cleaning apparatus. More particularly, the present
invention relafes to a process for producing a gas-containing cleaning
water which can produce a gas-containing cleaning water having a desired
concentration of the gas safely without using a mechanism for decreasing
the pressure such as a vacuum pwmnp, can reuse water and the specific gas
in the gas-containing cleaning water after being used and can be
advantageously apphied to cleaning electronic members requiring a great
degree of cleanliness such as silicon wafers for semiconductoré and glass

substrates for flat panel displays, an apparatus for producing the cleaning

water and a cleaning apparatus.

BACKGROUND ART

Heretofore, the wet cleaning process called the RCA cleaning
process has been mainly conducted for cleaning substrates used as
members of electronic products. The RCA cleaning process is a cleaning
process using a mixed liquid of suifuric acid and an aguecus solution of

hydrogen peroxide (SPM) heated at 120 to 150°C, a mixed liquid of
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25 process using a mxed liquid of sulfuric acid and
an aqueous sol ution of hydrogen peroxide (SPM heated
at 120 to 150C, a mixed liquid of anmonia and an
aqueous sol ution of hydrogen peroxi de (APM heated at
60 to 80C or a mxed liquid of hydrochloric acid and
an aqueous sol ution of hydrogen peroxide (HPM heated
at 60 to 80C. To overcone the problens arising on

l.j ' f j ) - gr qf
B A Horb s PR SRR L R e Ao g ool
E00RCENTT @4 BNSed LBILOShy BhcRodbeRid 3B UN affecBY sElution
wat er and ultrapure water used for renoving the
of Nenirogdrs parukidd HEINE R hicAg:dage BB tH)B0°CnsiTRgovdreme the
cost of the air conditioning for renoving vapor of
préflenisenivng 9napp Hoadoml §f Supprydesy stible asl idangment cogfcof
flhe | oad. on e environnent such as the use of water
t %Cliﬁﬂgabgr L APINGREGRIE A SspaicymspRiaptons t&ﬁ &gt of
LAy tsoangogi sch%r I ofd ste asg\ﬁé varginﬁ))us oving th
AT BHPESUED OE PHET I'AYCT ARS SYERRYS WETE BesH ohagRovagdhe

n . y a :

e LR e SR mRRD ' Apfe, Mo YRERH the i
cEhBBhG fRClhANWEBY VPP @f thedheRdcaiBlAld GRERR Shgidyidg
di ssol ved specific gas such as hydrogen. 15It is the

thsskeapainfnd ltbe head ot éhmingromehndkodyat Hat use of water in

specific gas_is dissolved in a great concentration.
apgyeatramouat.niifpesah of ghemdcals éngrelf appweis snd Hischarge of

G kb SBSRSRSF KRS CARCEIAL S ko B
B ISR SRS REORAR e AL i

abhietrhBRtsSt-adP@iisonic siahsing &Eﬁﬁolb?ﬁ R BREA Rl RBter
of the dissolved gas is kept at a value not exceedi ng
chitaifiagaatitsodiddspoific gas such as hydrogen.

It is the essence of the new cleaning technoi(;gy that a specific gas is
dissolved in a great concentration. | For maintaining the great cleaning
effect with stability, it is necessary the concentration of the dissolved gas
be controlled at a value which is great but does not exceed the
concentration of saturation under the condition of the wse. It is
preferable from the standpeint of safety that the concentration of the
diésélved gas is kept at a value not exceeding the concentration of .
saturation since the undesirable possibility that the dissolved hycir{)gen/
forms bubbles and remains in the system under the atmospheric pressure
increases when hydrogen is dissolved in an amount exceeding the

concentration of saturation. In response to the above technological need,

a technology in which, after a gas (mainly nitrogen) dissolved in pure
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saturation since the undesirable possibility that the
di ssol ved hydrogen forns bubbles and remains in the
system under the atnospheric pressure increases when
hydrogen is dissolved in an anmount exceeding the 25
concentration of saturation. In response to the above
t echnol ogi cal need, a technology in which, after a
gas (mainly nitrogen) dissolved in pure water or

wat er_used a

| t th terial ter. i d
Rtk BoHEaie ¥hEa: et 25 Che B TRaTTEn it Jopved by a

i i i i t1: | . tah
RSP Bedmndtlbhq Bls deBRANIOHD SO bR an
Hhssa wathlicr the, Mlerdmbu¥Rler pr&idge PARN Havalenssh of

by the 5 present inventors. The useful ness of the
saboregicnemithdisadyedhivs tiremntereglogniez chizs boeth ddveloped by the
technol ogy has been w dely used as.the novel
mrestologptarer he wetfumesarmiingie above tedmologinphe, been
as the process for . th reat ment, of articles for

TPHE S at tt u&‘f?hgé’ﬁ@%fﬁ t?a e pidely 1ised @ dibsr sovel
. f 10 i quid tal displ
AR Sl 10, a0 eyt el

ré%ely clean surface is required

and @l,eekiRABIL aTRAD G Seeb® Mg Ry diNGe oML &F Sh-Mcles for the

hydr ocarbon-free surface at the roomtenperature 1s
tFefidnt Guch apr:adesatdsolor sBRiseldukieab g lagf substigbefor
for the treatment in which the article for the
liguedcrstel display elavimds Wh tthich extapuely vladesudfare & reiquired
hydr.ogen or ultrapure water containing 15 hydrogen

apdeelacyeniy mepabersdaoihieh dhe gopataelyy dipepsbon-frée surface

agr P Gfobat b GRERR P et C L trrment of
. A |

R P e B 3P BB P RRT B paated

with elgasuisSwaterRetaihOnd B RIges @ LikFap haSv8LBontaining
proposed (Patent Reference 1). 20As the apparatus for

hydpgdeyi mod @l targpomsl] wad@mtodnt ahrd pgs hydeogeadishionhwith

can supply the ultrapure water for cleaning
wigpeaniamege of 20 kHz or greater, wherein the ultrapure water used as
the material water is water degassed in a manner such that the content of
dissolved gasses other than the rare gas is at most 10 ppm or smaller, has
been proposed (Patent Reference 1).

As the apparatus for supplying ulérapure water containing
hydrogen which can supply the ultrapure water for cleaning containing
hydrogen to the use point with the stable concentration of the dissolved
hydrogen under fluctuation of the amount of the use and does not dispose
of the ultrapure water in an excess amount as waste water, an apparatus

for supplying ultrapure water containing hydrogen which comprises a

water tank of the closed type for holding a mixture of ultrapure water
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hydrogen to the use point with the stable
concentration of the dissolved hydrogen under
fluctuation of the amount of the use and does not

di spose of the ultrapure water in an excess anmount as
waste water, an apparatus 25 for supplying ultrapure
wat er cont ai ni ng hydrogen whi ch conpri ses a water

tank of the closed type for holding a m xture of

ul trapure water ont ai.ni ng hydrogen left_ renmining .
whtHsRE g@ﬁlﬁ)@%é@% repnaipme wathoyt heing gserl 17 dpeitge point
wai er._supplied as the, suppl enent, a.pu for . .
PR Rl R PR e ap S B TR SRR el RRen lpr transforring
v@?l%?%%ﬁ({'%} gﬁé Wa@8 {00, TLIRBGOhS3RNL VS F&ﬁﬁﬁig' dlsdoifed
transterred water, a dissolvin ortion for

Fhs8S0InV ithe Bradtirege NwsteBpld ecﬁsédlﬁiﬁga pReidd oRr f Blssolving
suppl yi ng hydrogen into the degassed water and a
Ineleygdn noppiipé from recywkiong famtspphong heydwagen inaokthe
via a filter and the use point, and supplies

depepspduv ateramdra sryching ip Fydeewding Wakn tafbe Mater tank
use. poi nt. whil.e th uItra‘?ure wat er

R S e e ol e SR Tt SPafE st aiing
i R _ _ | |
HFORD th BLERRRARL SedehellB) B (Abdalio bl W AR Sltrapure

vRake tBRGEn Ak hydrogen dciRGAATMRRL Ehaiel dFigeARRY @lectronic

process or by ‘using the above apparatus, the

rgaeredn baing Wgrspheariaigr vaiteming yidraenaispepbiddc(Faasnt
i s dissolved in an anmount which is great but does not
Refexsmge £he 15 concentration of saturation can be
efficiently produced. However, in accordance with the

abov e pReeEdanEr VBN [HPngbeTRe PABERE SPpit dtsiRg thReabove

st ep_.of assing for renpving the najQr .anount..of .
e ailes BR0 et GAT TS SRV B o TR AR, 87 1o
d9§s%ﬂze@5 ihN&nMakLah:Al x%‘!ﬁgﬁr id SgrbAf GRENRAL! ot A the
sui tabl e mechani sm for decreasing the pressure such

cBficehtY AL Bf 2t REHTbY SafebeSFREMntlyNpidiRiced.ealioR@ver, in

step in which a great anount of the gas-containing
accordance with the above process or by using the above apparatus, the
step of degassmg for removing the major amount of the dissolved gas from
pure water or ultrapure water used as the material water is indispensable,
and a suitable mechanism for tiecreasing the pressure such aé a vacuum
pﬁmp 18 necessary.

In the cleaning step in which a great amount of the gas-containing
cleaning water is necessary, it is required for saving water that the
gaS'containing cleaning water after being used (waste water of cleaning)
be recycied and reused. A recycling system can be constructed by

removing contaminants in the waste water of cleaning and adjusting the

concentration of the dissolved gas. In accordance with a conventional



cl eaning water is necessary, it is required for

saving water that the gas-containing cleaning water...

after being used (waste water of cleaning) be

recycled and reused. A recycling system can be

constructed by 25 renoving contam nants in the waste
progks theodegadsd@nicagnaand catkfuesddi Aigr thb evacie Refdrof ek Bfcleaned,

the di ssolved gas. In accordance with a conventiona

anB HRE §eBifictda® isBSARSH Agaih SR bR, Tn GORAUCIAT: @s%e%{ in which
the waste water of cleaning is cl eaned, and t

cISRRG \Mitgr %?ﬁ? 1ﬁg di3S0bY ﬁﬁd g%%' ﬂhlc+ L RBfid 5%&? cleal'uﬂg effect is

the~cas e fysteg1| hi Eanln
~SPUCHRE R R A

drogen re s_di ss the water. althou

PR gﬂefﬁplia%e%?‘%*& el Qs e snaghe ﬂ@%ggsm%gen is
step . and the anmount of h drogen is decreased. For

de?f@ﬂ%s&h AGT FIROVIRENRAT FTRRINIRG é‘b’%@é‘ﬁls therrongigderahla amgpnteof hydrogen
amount of hydrogen nust be. di scharged through a

mysk b disckare thrcwlgb rgagihagsmHer gecsessing ehespressugessugh as a vacuum
vacuum punp, and this procedure causes a problem on

putripe ah fhet procédurdr emistres prodbéesn e dhd tuditty.t liehabieee desired that the
problemis overcone so that.the cleaning using the

ab@asprobleindik Pveigorat 6@ tHal theVida@ingl 1RinMthe Basecoa@fihd L16aGRS water
is dissolved is nore effectively utilized. [Patent '

in Rﬁfcﬁraes?&ﬁﬁé-kasq@@ﬁﬂm PRl fflivelPRiE383

[ Patent Reference 2] Japanese Patent Application

Lal I\arqr;i}%%ewencg@] §ﬁ§oan#’g(l)’h%%9mf t%§93DI SCLOSURE OF THE

ments o e present i nvention
f _ duci .
e A, 2 T BB ORI g .

i ni ng cl eaning water having a desired

llggﬁ%kﬂﬁﬁition of the gas safely without using a
- mechani sm for decreasing the pressure such as a

vacuum punp, can reuse water and the specific gas in

t he gas-containing cleaning water after being used
DISQHOSHRIHAF AWFAMNVAENON vy appl i ed to cl eani ng

el ectronic nenbers requiring a great -degree of

cl eEndbodigsstssifche pessit inveotionesdek ts pfovide seprocsn durgtrodiging a

and gl ass substrates for flat panel displays, an
gas@padiaing 8lebing pant uhiohGah peodubeapin@maatieg claftn@water having

cl eani ng appar at us.

a desired concentration of the gas safely without using a mechanism for decreasing the

pressure such as a vacuum pump, can reuse water and the specific gas in the gas-
containing cleaning water after being used and can be advantageously applied to cleaning
clectronic members requiring a great degree of cleanliness such as silicon wafers for

‘semiconductors and glass substrates for flat panel



As the result of intensive studies by the present
inventors to achi eve the above object, it was found
that a gas-contai ning cleaning water containing a
specific gas in a concentration which is great but
does not exceed the concentration of saturation could
didpéaypraapapadusidripoeducingithgceleanimehatst sit f deandpppasiung
the pressure such as a vacuum punp by dissolving a

speisfthe rgaf ofnhensvdrahget 8l thepREert MelRhtods RS KRKNE €he above
exceedi ng the atnospheric pressure to prepare a.

- r‘ h i .
CRE R Mt i A FlcoR A Qeiid AP PRRE O Rel s in e
: ' I N e _concentrat.ion
oo e D B B o s Rl Bouta be
t he .di.gso] ved gases exceedi ng the, concentrati on of
P UG RPN CHE S ES G PEEOHE D 2 & vacuur pump
gas-contai ni ng water. Enbodi nents of the present L
by; %@S@ﬁ%l%ﬁ FREGRICHESN Q) fp MteEig] 3opdes qulsT teh BreRivBResergaing the
In a first aspect of the invention, there is provided
atpgsPRIFaPESSYES FO0PTCpRle du B4SRPIEAIGBS Vbt entsiming SHeesnsifig gas in
- water which contains a specific gas dissolved in -
comhinetion wih otheapares atessntdo nipr inglesalamatapipar atnaentfation éxceeding
di ssolving a gas in which the specific gas is
theddoms@itnation bhiaturagdre follovekerbyare moR Bic @RS pektiphi ©F teldissolved gases
exceedi ng an at nospheric pressure and an apparat us
exde@dinf; B VdoABerfralOf tdfosht@htidhdydusskiedi@agre®ire on the gas-
decreasing pressure on the water wwth the gas - ~
coithia@ WRY. IRERiReADbAIH egeﬁpﬁli\/&{ﬂﬁm HEH2A @etn%ﬁri Hied based on
dissolving the gas to a pressure |ower than t g_
the g@ﬁﬁﬁg under which the gas has been dissol ved,
erel fi the apparatus for renoving the portion of the

di ssol ve as, c r.ises a gas .pernmeati on nenprane .
ol & SO n e B2 D RAT R 4] ARaTRe 14 producing a
passed, apd a gaseous, phase, portion of the gas. .

ga%@ﬂf»?éraflg SIFARBEDYAGTSV RN GPRAINS A-HsHbE 1288 dissolvekin water, which
at nosphere. In a second aspect of the invention,

apRafRéyse COIPTHIee \ANderpPatates Eundipgylappar gasuin whicbhthe specific gas is
conpri ses a cl eaning machi ne using a gas-containi ng

disgileginintogwatert erdenhi oferaaert priesssreaexspaiing arcatgmspheric pressure and
di ssolved in water, an apparatus for dissolving a gas

an bppardtucior rbreodpe aipoittongaSthe dlisddlsablases ddtkqasidg pressure on the
gas-cont ai ni ng cl eaning water discharged fromthe

wal QaRINOcTRERONEG Bleted oMBinBA frafedle WRRuARr UREIIGRAS R gas to
pressure exceedi ng an atnospheric pressure, an

a pRRARE Mvhs thAY thE PRRVIB UnderROBiLE 812 £ HhDFed cﬁ%lv\é&%%ém the

" by decreasing pressure on the water MAt% the gas

apflS80ft SEmbARE SO poRR VRS S80S ABARLALS oL hermeation

I SSol vin pressure

essur e, under ich the gas has.been di.ssol ved, .and

meffb RS G Aol bR B S R TR ¢S RaED g Baseous

whi ch the gas-contaj ni ng cleaninq water which is ,
phagp BHEP @gf&re LROPRIMRRIRIREPRIPESTPEYle fsRpUsiRy to s atmosphere.

portion of the gas and contains the specific gas

di skt speand;aspeghpbthe inyventig, theslispervided aclesafrigrigparatus which

machi ne, wherein the apparatus for renoving the

portion of the dissolved ga®s conprise a gas .

per meati on nmenbrane nodul e t hrough which the

gas-contai ning water is passed, and a gaseous phase

portion of the gas perneati on nmenbrane nodule is

connected to the atnosphere. Enbodi nents of the

present invention provide: (1) A process for

produci ng a gas-contai ning cl eani ng water which

contains a specific gas dissolved in water, which

process conprises dissolving the specific gas into

wat er under an increased pressure exceedi ng an

at nospheric pressure to prepare a gas-containing



(5) The process for produci ng a gas-containing
cl eaning water described 15 in (1), wherein the water
into which the specific gas is dissolved under an
i ncreased pressure is a gas-containing cleaning water
after being used; (6) The process for producing
conpaiSesCH bleaniing RgickineaBing G y@t@htatiBise tlehittl mater SYhichbodins a
conprises a step of renoving contam nants in the
spedBE pHQIMHsBIvVEI ROWALE R hffarabd! BF disefvihd ) gdiR WRiQr@s Spdelc gas
: produci ng a gas-containing cleani ng water descri bed
is d}sBolWinfNg o@cdntainih® clefling WARK Qidind hi b
® ﬁydroggn,_gndcthemggg rén ve uﬁgefggigg@ﬁ%ggegﬁﬂgnhﬁhme
afteagagif)g L{fgsg% l’u%((l%)r %Z%n%g%g%ir %{éﬁ%’?f? %}?cae% r%% Lagir zﬁ%nroe a}ltelrilg gpre‘r?lssure, an
as- cont ai ni ng cl eanj wat-er which 25 contains a . -
PP AL FPOGR LY RIFL iR R s B ssifrson the water
..conprises an apparatus for dissolving a gas in which
with fhe gapdisselved ggeein, obiinedofrB dhg arngratyfatos dissplyig the gas to a
i ncreased pressure exceeding an atnospheric pressure
presgifrd lawver dppdhapigssufondeebigh iy gas pay bico dissélved, gad a ipiping for
- which a portion of the dissolved gas is renoved by
the geroatgiimg clpaess watkr by vehigathecmsicaitaining cledndrg water which is
obt ai ned fromthe apparatus for dissolving a gas to a
dischdrgss o theWwepaitahanfol hempvies sy portivA eIt hbigah ahlieog@ms the
has been dissolved; (9) A cleaning apparatus which
specHRIsIdRRSIvad fl a8 19 Supphedid e bRAMNA: MallAfe, GHFR HeRPparatus
cl eani ng water which contains a specific gas
, vad in. ¢ di .
or He‘nﬁﬁi i .gcﬁ‘%“&“y‘%ﬂ e. &Qsoﬂ%@?%a@ dd@?fé \5/ 2 dgaléﬁéég%gﬁ%n%&ﬁﬁrane

e specific gas i

b NI cleani ng water. di scharged fromthe .
modiR3nERR FhRbI S EPM RS 1 2SN AR R ol B pegjon or
ressure exceedin at nospheri c, pressyre, an :

the {25 BETEATiED PEPOPBRBVENG SO BORLTN (b SXOPET n whi ch a
portion of the dissolved gas is renoved by decreasing
pr E8bgigcyis of thepreseptinyenbion gravideer obt ai ned from t he
apparatus for dissolving a gas to a pressure | ower

(1) tharecessdoppredetinga gateoniaining lvlaahiag geaterhakicl eeifains a specific
di ssol ved, and a piping for a gas-containing cleaning

gas wasadvedbiyp wihterg fwhidheprgesss compadenidigoleingahe npeonfat eas into water
whi ch is discharged fromthe apparatus for renoving a

undposirt iigoleRéd Pr@asre andediy ah NEmblytheAPaRtdsu® GAPrepare a gas-
di ssolved in water is supplied to the cleaning

contBBHR \Rér ARFg a( dAlenABot bEMBIZAY cAREBHALMEbIHRSENthO 88 under
9), wherein the gas-containing cleaning water

in
. . . - . . : ¢ .
on B Qe FE 0 PR LA PRSP RO STREN BBl Blrcssine
ra -0f _renpving contam nants. As the
pﬁ%%&%&gﬁg ?%&iﬁ%ﬁ%ﬁﬁgﬁ?s, enbodi ments of the present
inpventio royi de: 11) The aratus for .producing .
@) SRy EReS Reiidisiiea e QPR e eL et gD, Merci
wherein the apparatus for renoving a portion of a
‘the preswist \PBJtHGagasreONEIN 1B PR s IpGEcarpd df @ WEcspresdpgeeto the

on the gas-containing :
atmospheric pressure; : '

oa
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water is decreased to a pressure close to the

at nospheric pressure; (12) The apparatus for

produci ng a gas-contai ning cleaning water descri bed

i'n (11), wherein the apparatus in which the pressure

on the gas-containing water is decreased to a

pressure cl-ose to the atnospheric 5 pressure is a gas
perneati on nenbrane nodul e t hrough which the

43S - TR bAIcBEN S rVIRbBheibs aPRES@AtainNt dle StePhRS&ibed
portion of the gas perneation nenbrane nodule is
con{ectrditbreim tthe gheroaphiming whid) idhmsagpariabugh f or gas
produci ng a gas-containing_cl eani ng water descri bed
pRrpStionvemelnang podvlal pog oEagAussplset pratiap pefr theusas
for 10.dissolving a gas.and the_ apparatus for

PETFBRAHE: Repdrars aegle, isfonggrted 4o éﬁ%— afieasphera sy dhat the
a nner ch that the a ra faor_ di.ssol vi a,gas
oo AU h i B RE T WReisbed o Sope P8
M 20h B leHaS el ranged al ternately; (14) The
apparat s - for producing a gas-containing cl eaning

WAt efhelprodesclor pddiding 8)gaswbhtdinbanplehses Wwater described
recycling pipe for recycling a gas-containing

ul Ganvhereimabropafitem tfelisglung dhe spediic gppartatwgerf under
di ssol ving a gas; and (15) The apparatus for

PR OHNGEGa5GT aPERSS B O PHANAEE ch 8 PRIIAHYRE Walerr hpeilmg a

b igh of o FB° GSESONE arTFRGE) Bhrihig Ela Bpder an

PGPS et 1T, T ER et mom e 2R B the

@bsdih&l RaSSIBN delcagite prosand an i edi-tBithithe i Peter are
apparatus of" 25 the present invention. Figure 2 shows
repbhedidéagiatadexhi bi ti ng anot her enbodi ment of the

{)r ocess of the present invention and anot her

5) The process for producing a gas-containing cleaning water described

in (1), wherein the water into which the specific gas is dissolved under an

increased pressure is a gas-containing cleaning water after‘be'ing used;

(6) The process for producing gas-containing cleaning water described in
(5), ﬁvhich comprises a step of removiﬁg contaminants in the gaé-
containing clearing water;

(7) The process for producing a gas-containing cleaning water described
in any one of (1) to (8}, wherein the specific gas is hydrogen, and the gas
removed under a decreased pressure is treated by an apparatus for
treating a'waste gas; |

(8) An apparatus for producing a gas-containing cleaning water which
contains a specific gas dissolved in water, which apparatus comprises an

apparatus for dissolving a gas in which the specific gas is dissolved into



enbodi nent of the apparatus of the present invention.
Figure 3 shows a flow di agram exhi biting stil
~anot her enbodi nent of the process of the present
invention and still another enbodi nent of the
apparatus of the present invention. Figure 4 shows a
witbowmddi ag fieieagxhpRidurd gxcedifg tan AtrA@PHErRL piSssuethd 4h Aparatus
Exanple. In the Figures, 1 neans an apparatus for

fofl rsnsRhing Ag9oRiodast a %asﬁﬁaﬂﬁc}ﬁﬁ' pBRRAT ALMS disVIvdieIR Vs Rndded by
portion of a gas, 3 neans an apparatus for dissolving

de@regﬁﬁg péséﬁ?ﬁa&?a Is-aieahid ldvsélteffr g?)tagﬂ%g% : ﬁgplga?%tgés gr] él.%fsolving

a gas, b means &n appar atus ssol v

S_an _apparatus for renoving .a rtion of a.ga 7

e T S e S

i pe, 9. neans a ter tank, 10 neans a pressure o
OF B 1o, PRarafis ARRICH: COTIRSCF dr IEMAISIBGHIRf HRAE & gas-containing

pressure, 12 nmeans_ a heat exchanger, 13 neans .an '
clagpingapater Mgticho sonams raaﬁeecafbp@%tcgﬁgtylvqch IResHY, 4R apparatus for
~apparatus for dissolving a gas, 15 .means an appar at us
dliﬁ@&ﬂ@e&rﬁ@ﬁ figwhicholhe ispeciled gas gadissoh@drivtans gagacontaining cleaning

apparatus for 15 treating a waste gas,. 17 neans a
watérplisefarged framghs eleant@imathige aftadringgswhireler anliBcreassd pressure

a pH neter, 19 nmeans a punp, 20 neans a tank for an

. exédtddgiad awBdsPhericPre¥BANSn SppARMi fof reb@k indiagoeliotest a gas in which
hydrogen, 22 neans a first gas perneation nenbrane

a PREGH 8f R3IERARY s i@ rdBoved by TBARSsRAg TRSSurk! WY pas-containing
controller, 25 nmeans a cylinder of hydrogen, 26~ neans
: e ol ral
Wageézt%tzﬁﬁ&ls s h ﬂﬁﬁ%}%ﬁl’a’u& fo%?%vglﬁ@gﬁ%% gg)rgsg%l lgl’vsjegzhan the

nmeans a seco gas pernea ran
ans thir as rmeat | on rane nodul e, 30 .
P T%ng sS85 pr" 1°ﬁgt,%e ?f‘g %@gﬁ? Y ﬁsﬁf%gra P ](?lmf‘—'wgotrear gasyepntaining

neans a ter. fqr the hydrogen concentration, 33 '
clefinp avalpr hshich &aﬁ-éoa%l&fftsgf@?ﬁ%ﬁ*@éﬂtwlgm Bilischprgedsfrom the
means a pressure gauge. 25 THE MOST PREFERRED
APEAVBEHRYFERAVING: BARRY 0OprpasTHR copiqUENT spRFific gas digsedved in water
_ process for producing a gas-containing cleaning water
is gpplidseto plrceeieaning macduirte; erd i s 'a process for producing a
.gas-contai ning cleaning water which process contains
(16 Thededning gpsratiissiestrited in (P)wevherin thé pashcobtabing tlestitg water
di ssol ving the specific gas into water under an .
whitdhCik easRate@l £5MUNE cRAAIAE Ghdtfink EteRbERS RRA ik CirPlI§S8 Wirbugh a
to prepare a gas-containing water having a

hedt @RARNESr Ahd M afardihierod RSn XL An ) ubi ity of the
gas under the atnospheric pressure and, then,

" CMRY G EreRBI b aRhertd 8mh SARNUSE 1o HRGHER BN
the pressure on the gas-containing water. 1n t he
15 3R Rp8 b ofr BrOTRRe ot ER e o ebgeagyBed in ®),
ecr pressure on; th tai.ni ng water,

d asing:th S-CO _
whergin o By loc FERY R 4 PHEICROSSHEN FEPY S 88 BRRSTes in which

hat .
the pressure on the gas-containing
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The apparatus for producing a gas-containing cleaning
wat er of the present invention is an apparatus for
produci ng-a gas-contai ning cleaning 15 water which
contains a specific gas dissolved in water, which
apparatus conprises an apparatus for dissolving a gas
in which the specific gas is dissolved into water

under an increased pressure exceedi ng the atnospheric
R RESIY RcAA Bl ARRAIRLY BlobOf thHRMRWIdEh&riPBfdsk@R; Of a
gas in which a portion of the dissolved gas is

(&nov Ghebypptaateasiongpidiachizeas ghe c@ftadming cleaning water
gas-cont ai ni ng water obtained fromthe apparatus for
deszdiedi img(1d) gwhereinather epparptud bwerhichahetpuessure on the
pressure under which the gas has been_dissolved. In |
ERE CHYBHERE TRteT iy ﬁé?rﬁﬁé%dg?ﬂ 2 DRGNP SHpsejte thg atmospheric

f bl h h f ' '
BFELEETA) AT kDR BRAR LHBRL o R, PR OVALA
B EB5H 00 LR 08 50 U RO ol GEHERE P

bbEnAIteIeRbmbRY 8 hidile RheAnetoRts titathodphere;
di ssolved gas is renpoved by decreasing the pressure

Gi8)t h#hgaspmontas Mongpadueing ikt chscprtafwngbtieatingt water

~the increased pressure on the gas-containing water is

describad ein 18, awbeseinuee Plielify 1of pals saindhesapnarafuss dor
0 the atnospherj.c pressure.such'as a pressure in the
BRatTher S BooRDrL Hive RRRTaL R MEme T e Her Bob i, ar latplved

Bieaitdragle tie, 4as: %ﬁ%&?@ M%@aatpg)ﬁré&s%f (88555l Dras
pressure™close o't hé & nospher| pressure.US|n§ a
BEARAABF AN for thfovirdls REtibASE q@%@%@é%ﬁnm@d
menbr ane” nodul e is connect'ed to the atnosphere. In
thématege, sonme tine is required before the

equi libriumis achieved between the aqueous phase and
(e gAbeappaphtise forrprodhengOapgesseunteining cleaning water
occasi onal I y not decreased to the atnospherjc .
drssubad oint{E) PYRICH cSTHRAE £ FECTINRaPEIC | o stesTaling a

T A e S N A ST

'%%&gﬁggggﬁgggg& di schargi ng the waste gas in a plant,
e préssure

.In the piping for discharging the waste

@85 | ThOCHARELRD I | eBhcihBan thecaitiRERBebanibS water
pressure to sone degree. In this case, occasionally,
ddseripedssur €197 tEcigasenpsisphasa bemeresud ofver relaming
the atnospheric pressure to sonme degree. In
epéapeeshin thevearn conainipg clappideweterf or di ssol ving a
gas in which the specific gas is dissolved into water
under an increased pressure 20 exceedi ng the

' ) 2,y cularly [imted.
ERarp TE ¢ I Baw SCgas per neati on
Tenbr i o ! ) !
wat er rg d?%ggﬁlé p@ug%% in?%ﬁg%ﬁ?%@%ﬁgf%ﬁg%ach y
28Rk SUES passetitcieiehSoRRadHNPHbRRhdI T bhthedagLatus of
function of dissolving a gas. Wien an apparatus for
1l pedent ngventigas  iKigwie 2 bhevea s disgraat exhibiting another

25directly brought into contact with_each, other such
ofpmeple ctfotban@receptingf jthe present invention and another
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used, it is preferable that a gas-liquid separator
is disposed at the downstream |In the present

i nvention, the apparatus for renoving a portion of a
gas in which a portion of the dissolved gas is
renoved by. decreasing the pressure to a pressure

| ower than the pressure under which the gas has been
di ssolved is not 5 particularly limted. Exanples of

S BRRR O B, DS B0 TR 2
AR DAL P 30 SRR b RS P55 ot

FRB& et en by G PEBSERRIVEREdi R0t LA a‘.’i‘éﬁ% & the
the present i1 nvention conprises 10 an apparatus for

- phesad! itwegtidngaFigulen Ahes bh@ospdeidrid @abibiting a test

di ssolved into water under an increased pressure
aypeasdisned e aatifsappler | &n pheEzures, drdeans appapatasss for
or renoving a portion of a gas 2 in which a portion
pSOlHBE H %%I%@%%ni@P%@ oF BYefesg @a%‘?fﬁ’@nt(}féi gas, 3
Igressure on atggéfcqgéa'nin wat er, obt ai ned fromt he
A drvaBuroll JEE Rl g dien 4 el 88l Thgticfor
RIS BEESS B € IS s Gh A1ParRSs RA%iBRHNIng a gns, 6
means an apparatus for removing a portion of a gas, 7 means a cleaning
machine, 8 means a recycling pipe, 9 means a water tank, 10 means a
pressure regulator, 11 means a pump for transfer under a pressure, 12
means a heat exchanger, 13 means an ultrafiliration membrane
apparatus, 14 means an apparatus for dissolving a gas, 15 means an
apparatus for removing a portion of a gas, 16 means an apparatus for
treating a waste gas, 17 means a piping for a2 gas-containing cleaning
water, 18 means g rpH'meter, 19 means a pump, 20 means a tank for an
ammonia water, 21 means a monitor for dissolved hydrogen, 22 means a
first gas permeation membrane module, 23 means a valve, 24 means a
mass flow controller, 256 means a cylinder of hydrogen, 26 means a
pressure gauge, 27 means a mass flow controller, 28 means a second gas
permeation membrane module, 29 means a third gas permeation
membrare module, 30 means a piping, 31 means a flow meter for water,

32 means a meter for the hydrogen concentration, 33 means a meter for

the hydrogen concentration, and 34 means a pressure gauge.

THE MOST PREFERRED EMBODIMENT TOV CARRY OUT THE

10
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In the present invention, it is preferable that a gas
per neati on nmenbrane nodule is used as the apparatus
for renoving a portion of a gas, the gas-containing
water is introduced into the aqueous phase of the gas
per neati on nenbrane nodul e, and the pressure on the
wat er containing 20 the dissolved gas is decreased to
t he atnospheric pressure by opening the gaseous phase

fvEReTGRS perneation nenbrane nodule to the
_a‘l"rm—‘sprTFre

or by connecting the gaseous phase to the
at NoSPREep Dby ﬁm%‘éﬂ% £ ok haht DAY eRanl bv%e% bSthe
forrred.e?nthee II’TIIIE%;J shown i n Flfggureln%
yratetti mivendberisi & protasedise qﬂ‘otlﬁh(ﬁLgt h%‘@ﬂﬂﬂﬁw akaning
of the agparatus 25 for dissolving a gas, and a

vegfer i whishgpiocess pontabdueespacifico gph alissebenduin praten which

under a sure xceed g the atnospheri ¢ pressure.

RRETISER TV Lhs SREFECORIE dnER( BatHe™ e e
r t The water, cont ai n| ng t

R R kR O

v&t&@ HaViilg a%o%@énﬂrﬁﬁbﬁacﬁstfh%r bdetQelihe 88 Eﬂﬁ? m@l% Caas

of the apparatus for renoving a portion of a gas.

yuides Ssthier nhdbpbbeicopeeouns ARASEhds, removing a portion of f:he
dissolved gas by decreasing the pressure on the gas-confaining water. In
the procesé of the present invention, it is ﬁreferable that a portion of the
dissolved gas is removed by decreasing the pressure on the gas-containing
water to a pressure close to the atmospheric pressure so thét.

The apparaéus for producing a gas-containing cleaning water of the
present invention is an apparatus for producing a gés-containing cleaning
water which contains a specific gas dissolved in water, which apparatus
cormprises an apparatus for dissoiving a gas in which the specific gas is
dissolved into water wunder an increased pressure exceeding the
atmospheric pressure and an apparatus for removing a portion of a gas in
which a portion of the dissolved gas is removed by decreasing the pressure
on a gas-containing water obtained from the apparatus for dissolving a
gas to a pressure lower than the pressure under which the gés has been
dissolved. In the apparatus of the present invention, it is preferable that
the apparatus for removing a portion of a dissolved gas is an apparatus in
which the pressure on the gas-containihg water is decreased to a pressure
close to the atmospheric p.fes'sure.

In the present invention, when a portion of the dissolved gas is

11
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- Rrgesue no¥perihe efeSﬁytﬁ @@éhe gassen

5 decreased to a pressure |ower than the pressure
under which the gas has been dissol ved, and a portion
of the gas dissolved in the gas-containing water is
transferred to the gaseous phase via the gas
permeati on nmenbrane and renoved. In the water
contacting the atnosphere of the gas at a constant 10
tenperature under a constant pressure, the gas
constituting the atnosphere is dissolved under the

r%%vlehbﬁ 1ac t%ggélﬁ)]gdf)tl %HFQE’OS%%CHOH%'H%%%%? it is

becones con
mefﬂrab:ltal trglttlm ancrease®G€essuré og/ thet gasafontaiyiggnwated is

BT T o B Fo e SaMerad Al €085 BHaiatngapheri

Nésm;rwaslﬁjh a8 A pregblirel M Qh@%h@étofVWM%t Bfe the atmospheric

at nosphere of nitrogen, the atnbsphere ot en ordt
{%ﬁén@m &r; |§ egrgased to a

PR ML oA NS Todde. e

sije 07 .the rapskbue rpheisendft ﬂmgmembfrene mga!thlettercomheoheyigmnthe
r espect

/ f h d
hoseferBy, NS Peeqsaredie SIRAME] bitat e sbyibriym is
dchieved Obetiveieanthe aqueo @hade Cariihé tRisediis IPHASEIQRC the
as the specific gas is dissolved under an increased

PP ELLE I‘%O(anﬁt?'\ﬁgi’ 8pt dereased Hytheataosphenq iessire when the
rgélgér%é’ ﬁr%erﬁftvﬁéi%?fb Morfale td B E&anﬁtycdmh@'agh?r%tdsh ®When

di ssol ved gases contalns nit rogen I n"an
the presspon il decreased dydegmesting treagasenusophase o aupcbumsfor

en noan nount ;COLT & ngi ng to the. degree
PRRAT R, s R i b BBREC T hubbdt o T Piee for
digchergingpnthai niaste tdwes dé ssvavRMalipSewer HRgANBS Atm¥¥iRiric
the ggessure on the water containing the dissolved

RRAORYP gerefegriR NSt cass: (rosppiBRalb thejrgessure of the
g§§§6i§‘§§ﬁﬂsé Obéc!?ﬁné’é NBRENSRAF thE e&ﬁwsgheﬁc % &9@ 8! some

nitrogen and a portion of hydrogen are re
degeeedegree of saturation in the water containing the

di ss d e re ni.trogen

and By HECRRAREF ihRanalcfieoabiah s, braisbdia de3ag which
ther aspieicific, gas\/\/&t efissolvedaiiton gvatdre uddés (0:14Y Gﬁicrga§@d$ pressure

con ni.ng /1iter of nltro [liter
s HAT SRUTLr I RIGHRAN noh B3tIBY ABY 1Bitedhy GramploR of
tHNaphfranBt BElueega Peimsedtion rﬂbﬁﬁ%ﬁéeﬁwcﬂ@%%saﬁcﬁanartahueses

decreased from2 to 1. 10The specific gas used

'lrpwégélnmasmemd wratersangodirgrdly tireughatrintp contactewith each other

[ i nel r 0,or s
Egtfr og éct&fs ért&? R%P@ %Xl’ﬁblgﬁg K Q%aﬁﬁ@wc&%ﬁ eo?gﬁgsé)é\{m% gas.
VWhen apempﬁaratugamr dissilvigd ea tgﬁpenO\fvhlahgiaa gjkfw/ ahddw&%d are
two or nore t S ases may. be used in
IResbral it cprne LSt Ry S anan ki SRICHER BHm i
u$&, itde pr&rapdd tHA@ gas-Rjpgsure such as a vacuum punp
i's necessary for producing the gas-containing
cl eaning water, and there is no danger of catching
fire caused by static electricity in noving nenbers
maki ng rotation or reciprocal novenents. Therefore,
the process of the present invention can be
advant ageously applied to productlon of cl eani ng
wat er cont ai ni ng

12
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20 di ssol ved hydrogen and cl eani ng wat er cont ai ni ng
di ssol ved oxygen, and nore advantageously applied to
production of cleaning water containing dissolved
hydrogen. In the present invention, while the
pressure of the apparatus for dissolving a gas is
mai nt ai ned by a val ve di sposed at the downstream si de
25 of the apparatus for dissolving a gas, the
pressure of the agg ratus for renpving a portion of a

a ! .
srargler apdispersd gedhe sdewastisapenofethy pEseRlomvgRtioRNERe
di sso)] ved gas, and the gas-containing cleaning,.wat
HoREArs 5 R8I LRl o8 Pt ERre R o GorfiEn of the

e
B PR R rod N Ao AR SRR IR e O TREONADE Jower
thR@ @RS - $RBi N uRdeMakBIchC ORb agL: NhisDUBON eSisste®T i8Nnot -
i ncreased 5 pressure even when the gas is dissol ved
nartianlsaiplimitesuc Exbhgiles bbtldegrerradts salwleagasopermesation
exceeds 1. In this case, when the pressure is
weapsazewofnleg aydrcisdinwd separahersval ve di sposed at

the %é\ﬁ]rset es%@w?si geﬂo%f diagram exhibiting an embodiment of the
process of the present invention and an embodiment of the apparatus of
the present invention. The apparatus of the present invention comprises
an appératus for disselving a gas 1 in which the specific gas is dissolved
into water under an incré,ased pressure exceeding the atmospheric
pressure and én_. apparatus for removing a portion of a gas 2 in which a
portion of the diésolved gas is removed by decreasing the pressure on a
gas-containing water obtained from the apparatus for dissolving a gasto a

pressure lower than the pressure undexr which the gas has been dissolved.

. In the present invention, it is preferable that a gas permeation membrane

xﬁodule 18 used as the apparatus fo.rl removing a portion of a gas, the
gas-containing water is introduced into the aqueous phase of the gas
permeation membrane module, and the pressure on the water containing
the dissolved gas is decreased to the atmospheric pressure by opening the
gaseous phase of the gas permeation membrane module to the atmosphere
or by connecting the gaseous phase to the atmosphere in a manner such
that no pressure loss is formed. In the embodiment shown in Figure 1,
the material water is introduced into the agueous phase of the apparatus
for dissolving a gas, and a specific gas is introduced into the gaseous

phase under a pressure exceeding the atmospheric pressure. The specific

13
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the apparatus for dissolving a gas, a gas-liquid
separator nmay be used since the anount exceedi ng the
concentration of saturation is separated 10 as

bubbl es. As a sinpler process, another gas perneation
menbr ane nodul e can be used as the apparatus for
renoving a portion of a gas. It is preferable that,
in the second gas perneation nenbrane nodul e, the
conneqti?n to the gaseous ase portion is fo

( d i
R FHBTOTNS TP HEE WWHET 53 BBt 23 RSSEeRtPR TBeP Exiepe The

‘ h h . - ini
PR R o SRR DR, T BT s

%&%ﬁﬂwgém &Qﬂgﬁﬁ%ﬂ%i @R Rfucdat Whakd Qﬁtﬁ&aﬁﬁ’;ﬁ%gus for

egree is required, the pressure of the gas can
et of Pertilasiofed gual udhbypadiuat i ghehgassativ lisde ais
manner such that the valve is not conpletely open.
dBomeasedov al prefsutedoper thanthsf praseurgasndorwhzpdhdigag has
to the degree of saturation exceeding can be

12
bgeralisidvesy angd e qontien iohghe asigpalyehin the sas-containing

connect i n 0i . .
water f:s tr&s?errgé t%f t]tlg egaseous phase via the gas permeation

. membrane and removed.

In the water contacting the atmosphere of the gas at a constant
temperature under a constant pressure, the gas constituting the

atmosphere is dissolved under the equilibrium condition, and the degree

* of saturation becomes 1 in this condition. For example, in water

contacting the air at 25°C, 8.1 mg/liter of oxygen and 13.8 mg/liter of
nitrogen are dissolved, and the degree of saturation becomes 1 in this
c_cndition. When water is brought into contact with the atmosphere of
nitrogen, the atmosphere of oxygen or the atmosphere of hydrogen under
the eqguilibrium condition after the water is eomplétely degassed to the

condition such that the degree of saturation is 0, 17.6 mg/liter of nitrogen,

- 404 mg/liﬁer of oxygen or 1.6 mglliter of hydrogen, respectively, is

dissolved, and the degree of saturation becomes 1 in this condition.

When 1.6 mg/liter of hydrogen as the specific gas is dissolved under
an increased pressure into water containing 17.6 mgfliter of dissolved
nitrogen at 25°C, the water containing the dissolved gases centains
nitrogen in an amount cbrresponding to the degree of saturation of 1 and
hydrogen in an amount cbnesponding to the degree of saturation of 1, and

the degree of saturation in the water containing the dissolved gases

14
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gaseous phase of the second gas perneati on nenbrane
nodul e to a piping for a waste gas in a plant or an
aspirator which is adjusted at a decreased pressure
so that the pressure of the gaseous phase is adjusted
at a pressure slightly |lower than the atnospheric
pressure. \Wen the gas 25 perneation nenbrane nodul e
is used for both of the apparatus for dissolving a

923m B0 2. | APnAR R AR o FHR YR o BB B (Beghed
%ag?éﬂgseﬁg%@ Rbrddsr &ng}@%ﬁm Al @&185%3% +AP Baglaérﬁi%m

I ssOl vi ng a gas, -contal ni ng

Proxdurg, 4 bmmmmb@dn ahawzaoﬁfof\z@ﬁ%geﬁaﬁe B8moved, and
transferred to the cleaning machine. 5In the process

tbe ddgeeqpésetirationeint thonwatdrecopaimngoiheoflisshlsab bibaigis
the speci fi c gas into water under an increased
wased ete ol pr eﬁaﬁ@ anifpegeeonndi riyigogen efrenatenmyed by

di bi_l
aé%@r%ﬁ%%? L St Breehine, fAgder can ﬁ%@%@l@@w% Rases
cgﬁtaflsﬂlgvg Qg?ﬁhee%[{}f'n?ﬁogé & cfggg SEAEAE e HFrol¥n is obtained

ecrea e pressur
when the degree of saturation in the water containing the dissolved gases

18 decreased from 2 to 1.

The specific gas used in the present invention is not particularly
limited. Examples of the specific gas include hydrogen, nitrogen, oxygen,
carbon dioxide and rare gases. As the specific gas, a single type of a gas
may be used alone, or two or more types of gases may be used in
combination. In the present invention, no mechanism for decreasing the
pressure such as a vacuum pump is necessary for producing the
gas*contaiﬁag cleaning water, and there is no danger of catching fire
caused by static eleciricity .in moving members making rotation or
reciprocal movements. Therefore, the ﬁrocess of the present invention
can be advantageously applied to production of cleaning water containing
dissolved hydrogen and cleaning water containing dissolved oxygen, and
more advantageously applied to production of cleaning water containing
dissolved hydrogen.

In the present invention, while the pressure of the apparatus for
dissolving a gas is maintained by a valve disposed at the cibwnstream side
of the apparatus for dissolving a gas, the pressure of the apparams for

removing a portion of a gas is suitably decreased to remove a portion of

15
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10 gas-containing water may be repeatedly conducted.
The apparatus of the present .invention may be an
apparatus conprising a plurality of pairs of the
apparatus for dissolving a gas and the apparatus for
renoving a portion of a dissolved gas arranged in a
manner such that the apparatus for dissolving a gas
and the apparatus for renoving a portion of a 15

i ssol yed gas ar rranged alternately. Fjgure 2 .
<Bp ol €00 b BeaR T HPET I SRUCHE VB GaT RN e RO
roce r. [ an
HBBIR, BGPES kBB 2R The | NGEREE W AME I the gus
peBmbRGo P eS8 PEaRTRRALIERL usc@Na APRALBbMMtHO For dissolving a
di ssolving a gas 3, an apparatus for renoving a
gpo[ tho pasfcoatdamel waaao themimppahabbksf anddi aaolncraged

a gas 5 20 and anot her apparatus for renoving a
prersuroreveh wheasthe zaseindissalyed im anhamovptieuch didt the

t he aqueous phases of the paratuses are connected
dpRregept eaturpbonyareseral vaa?’grt%i‘% PR r FRGEHS MBSURR is
JBALESP i Qapso%tiglfl a%{é% the valve disposed at the downstream side of

the apparatus for dissolving a gas, a ganliquid separator may be used
since the amount exceeding the concentration of saturation is separated
as bubbles. As a simpler process, another gas per—meétion membrane
module can be used as the apparatus for removing a portion of a gas. It
is preferablé that, in the second gas permeation membrane module, the

connection to the gaseous phase portion is formed in a manner such that

the gaseous phase p-ortion can be open to the atmosphere. When a

gas-containing cleaning water which is kept at a conc_enfration exgee(ﬁng
the concentration of saturation o some degree. is required, the pressure of
the gas can be kept at the desired value by adjusting the valve in a
manner such that the valve is not completely open. The removal of the
portion of the gas corresponding to the degree of saturation exceeding 1
can be accelerated by connecting the piping at the connecting point of the
gaseous phase of the second gas permeation membrane module to a piping
for a waste gas in a plant or an aspirator which is adjusted at a decreased
pressure so that thé pressure of the gaseous phase is adjusted at a
pressure slightly Jower than the atmospheric pressure, When the gas
permeation membrane module is used for both of the apparatus for

dissolving a gas and the apparatus for removing a portion of a gas, it is

16
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first apparatus for dissolving a gas 3, and the
specific gas is introduced into the gaseous phase
under an increased presSure exceeding the 25

at nospheric pressure and di ssolved into water. The
gas-containing water flow ng out of the first
apparatus for dissolving a gas is sent to the
aqueous phase of the first apparatus for renoving a

portion of a gas 4, and portion of the S
gt oespspaty Fhatt the %S%rﬂ%a‘%ﬁeﬁ ds Rapenseds a? ?‘%é@‘@@?@éﬁm

RIS R TR 0 SR Pl

VR fe0ke éﬁ@et%@%ggérei S gy 8?% Pb 31'&915&’%1‘?@@ t@ﬂﬁfbe&g&:gng

phase of" the se appar at us I ssolving a gas

mavhihdie specific gas is introduced into the gaseous
phase under an increased pressure exceeding the

at no&phbke peogese € the pardnd iissotticeg the bpessdionr of dikelving
as-containing water flow ng out of the second

the pweeifigsedointyi ¥asn URgen o $nqreaspdn Prasgur o ygpates 2

goh_ase of. the second .apparatus for .10 rtﬁ Vi ng a .
BOCORGHISE FAGeE BEVIBRd 22 PBFMTRIR thélgagas exceeding

j Vv in.t S: L0 [

S G L AL PR pd DA o

rPh8RRa E&fzﬁﬁi 6Ofhe BSICANERNLY AblRB Ry thR§+8R&GH ohGhe
gas in the obtained gas-containing water can be

ghiresRiabeitl civate e peat bagericacadip esmd ncded. of Tith smwd ratwgof the
the gas into water under an increased pressure to

potseat ineentBngmeydunaniappatptwatcemprising 8 glueslity afipegrs of
exceedi ng the ééncentration of saturation under the

the APPBEEN OB 884V R BaAdBdhaNd fteafPBRrabRs fRngomeying a

e Jdi ssol ved gas by decrea

i e %3?1‘}0' e YRR TR e .S@Lﬂ?ﬂfé_tx%%pap@??ams
AP s uind, ) ApROST S NEnRREf 4 odiion &

dsblegdefsi $re28rdhssd bUeth okl 5 Bikiird Dehbivt s flow diagram

apparatus for dissolving a gas under an increased
ephibiténg enothiet podedinentact theguode se of tlespmsehingnveotivhand

degree of saturation of 1 and hydrogen in an anmount
apethes sRhniimgnt oftthe atwgrasod! S preserbanwmtivngr én the

di sspol ved.jn the gas-contgi ning water, apd the degre
PEfCBLPPATIRARY AR AREAHES SO LSOV HE HETET: BLABRUETSs for

e n_t: - [ :
SHGPR CABHGEEIES 87 ToehSeP RSN O ARIEL ¢ s
airlg %Dn%ﬁﬁngisa[ﬂ- 1%&»&&@&%%&1’0%1&_@&&?&6& I3t SRPELAL USrdrRbd in
vi ng

this order, and the agueous phases of the apparatuses are connected in
series. The material water is introduced into the aqueous phése of the
first apparatus for dissolving a gas 3, and the specific gas is introduced
into the gaseous phase under an increased pressure exceeding the
atmospheric pressure and dissolved into water. The gas-containing

water flowing out of the first apparatus for dissolving a gas is sent to the
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. cortesponding to the

a portion of a gas, a portion of nitrogen and a
portion-of hydrogen are renoved, and the degree of
saturation of the gas-containing water is decreased
to 1. Since nitrogen and hydrogen are renoved by
approximately the same fraction, a gas-containing
wat er containing 8.8 5 ng/liter of nitrogen gas and
0.8 ng/liter of hydrogen is obtained. When 1.6

ng/liter of dr.ogen as- the speC|ch gas.js dissol ved
JesUE F2 ifaéﬁg P g R BF TPRORRECHD T tRB b $aeh and

Photie’ G388 68 Bl alie hh et ba R e E o fhEER 45
th Céa%@&%dp €334 R oQbHr O'QEQ ch Gk a3 Mater flowing out of
10 degree of saturation of 0.5

tABCRY dppPeiud foraenaVBLRh stiesfanghals ingrddieed egtcethe
of saturation of 1.5 are dissolved in the

sgasou® phasa o ghevatemd appatdies dex ﬁifwomn$at gﬂ%ﬁj endi fhe
t he gas- contalnlng wat er becones 2. When,

sprefisus on mpedyed- t.!&ﬁt Hhen 2ABPONEL ghasw‘awﬁ@r e increased
e ree of 2 .i s decrease

Brigier et aBe Mpdhnfris TeEETHS N 4 5&&3 Vgﬁdstlt? gpater.
'ﬁf‘e S%n@&lﬂ&{g‘t V&ﬁ;epf ﬂ@wﬂ%s ot BP rtthleo rge&) Eg 3 ¢ for

portion-of hydrogen "are renoved, ree

cﬁésoi’zﬂhg Ak OR @bt tHehaagueo Fhdke& ﬁh@ts%boztcﬁ apparatus for
decreased to 1. Since nitrogen and hydrogen are

rearowesl aportipprodda ped €] yntlhe psetien bf dlat gan disgolved in the
gas-contai ning water containing 4A ng/liter of
gastepptpiningasatan ds trapsiegrad todhe GRserISHen and rzmoved

In the case of. the repeated_,ogperati

b
grrfaﬁ' Qeg? PFﬁﬁBPBﬁfé’ﬁnF’é’& ﬂ?er PRI abeh of %ap%?lp S8 Bas the

A B SRRkt LSR8 S8R g opeeton
of & oA885 %ﬁe %‘;\s %ﬁﬁousva%éroand& 4P inlreRBIBEREURAY Btadn a

concentration of dissolved hydrogen 25 of O ng/liter
ola§-chRE AIRPURh 60T aspadhnigtioa éteedi®gr€® &fncentration of

saturation of 2. \When the dissolution under an
shhom¢msathder ébe atwospiteritprasewmevand e oprration of removing
a portion of the dissolved gas by decreasing the pressure on the
gas-containing water. For example, when 1.6 mg/liter of hydrogen as the
specific gas is dissolved into wéter in which 17.6 mg/liter of nitrogen is
dissolved at 25°C in the first apparatus for dissolving a gas 'unde;' an
increased pressure, nitrogen in an amount corresponding to the degree of
saturation of 1 and hydrogen in an amount corresponding to the degree of
saturation of 1 are dissolved in the gas-mntaining water, and the degree
of saturation in the gas-containing Water'becomes 2. When the pressure

on the gas-containing water having the degree of saturation of 2 i

decreased to the atmospheﬁc pressure in the first apparatus for removing

18
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anount exceedi ng the concentration of saturation are
conducted in a single step, hydrogen in an anount
corresponding to the degree of saturation of 3 is
necessary for obtaining the hydrogen-containing

cl earing water having a concentration of dissolved
hydrogen of 1.2 5 ng/liter. Mreover, a pressure of
0.3 MPa or greater as the gauge pressure i s necessary
for pressing the gas into the water. The process of

a ppeacred! epgasata pagidns ol diamgayendsa iparidmpf tiydrogen are
anount and the pressure of the gas necessary for

ISBOYERI Agdt He desepcef saVEEHORAll B SRSCHY MIBgoIGEY IS
LI | t hough th i tional

BrorBal; 30 0 et it s, WBBERR I | ey

EIWEUALRANPLIRE IERHn GhS BN b dRP coh RS 8.5

th BRI tERSREHS PR 28€ahd Ol Jagr BEhFRRIz B Hkvakicane
nodul e so that the gas already dissolved in the

aquedVibep ek ergilster ef ladeckan td thdepetdls gae igdssolved nto
However, in accordance with the above conventi onal

the gessentaip@erwaten in paiieh 818 mgflitar obnitregeamngd ¢.8 mgfiter
tajned in t |, ent. E l e, ;
Py BOER ORIt 18 g R R R fea v e 2 gas

Lg_i;ycfgg-ia%i&ero%ﬁg& ﬁg?ﬁ%i%pgeﬁ%%m o) a%nls'c}ﬁgg '@;@g@gﬁg@%m the

ogen _ r or —gr ea_t er |
By 841095804 Bf 815 8ARURdrBedd HESnt NBoiPMePbnding to

~saturation (an amount corresponding to the degree o

thatdesadd ohsairdjod sf 2G pasdidolved ih RBe paocesinidiag water,

produci ng a gas-containing cleaning water of the

amde $hatdegneee of isabyragiogasn cidet ghsteonfablinanvatgrwagcemes 2.

af ter being used can be used.as the water, for

Viher dihg; prpsewe epeider gasgartainagr Water Rayiagste degree of
en, t he nt al ni. ng- ¢l eani n

essure,. S-C wat
BPEEBg el Tg oo, iy Aot P Tyt 1 The second
a%:;ﬁ?e?ﬂu\é'fﬂg.rkﬂl% Q'ﬁdr‘é'o%aéf ﬁrgil%f 22 PortRG S8R gen and a

essure, it is preferable that contam nants
pe8bal dTellydBgd @re removed, and the degree of saturation of the
gas-containing water is decreased to 1. Since nitrogen and hydrogen are
removed by approximately the same fraction, a gas—containing water
cdﬂtajning 4.4 mgfliter of nitrogen gas and 1.2 mg/liter of hydrogen is
obtained.

In the case of the repeated operations, the amount of hydrogen '
required for obtaining a hydrogen-containing cleaning water having a
concentration of dissolved hydrogen of 1.2 mgliter (the degree of
saturation: 0.75) from water having a concentration of dissolved hydrogen

of 0 mg/liter is the amount corresponding to the degree of saturation of 2.

When the dissclution under an increased pressure and the removal of the
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- the water tank is suppl enented
S aHONRBT ECHePELBERATHG T B

gas-contai ning cleaning water are renoved. In the
apparatus for producing a gas-containing cleaning

wat er of the present invention, a recycling pipe for
recycling the gas-containing cleaning water after

bei ng used to the apparatus for dissolving a gas may
be di sposed. In the 5 apparatus of the present
invention, it is preferable that an apparatus for
renovi ng contam nants in the gas-containing cleaning
apb @t esceddspo sd concentrathdig wfess3usdioms aze fdodvducted in a
di agram exhi biting still another enbodi ment of the
prgleesiepofhydreseyr easean pmpunt | wuresndnding ko dhot Hegree of

enbodi ment, of .t he apparatus of .the present inventian,

SRUYRAGHO5g & - Boiit e I¥| ﬁoan iOﬁga%lgﬂéﬁlér i&?{ﬂ@@ﬂﬁf@ﬁ@mng
S ' hi machine.7.1s recycl ed a, wat er

c?ean m%n‘\‘/lgtée%gﬁfa{élggc : ngnc&nﬁ%atgn R%p%ﬁs]soﬁ&eé g:}ydrogen of 1.2

BHPRLEe TeRb ke § hpskhAPUE @ Bel /i of %eﬁ’te@gaé Qhe gauge

supplying nitrogen into the space in the upper

freEduro s abedsheryWat @iredsaink ti8d ga@ioahs Waef.e JThabaicedDof

for keeping the pressure in the space of the upper

rppeaied wpefatidne inadsantaankug e dhat thehmmotiteaddbthe pressure

at nospheric pressyre are disposed at the water -tank. -
ofather g8 pReqeRsarie iata PRtk the desiteds gengepizatipmpt the
Lor.transfer under.a pressure 11 and.treated for the.
SRS e 2t ST HEn RS, ke BRdinkinGl S5 Bpgiontion
hdBradd B G& GleBSesA-x €1 D@ gpgoﬁ%ﬁ;ﬁghp lﬂﬁ’b&%sésh Por
operation of cl'eaning are renoved by an .
diddolahi lat daat BoNgLPdeRAGHABEMIVS] kDasBup titrod8hitkedide
20 fromthe punp can al so be renoved by di sposing the
ofilthe ghsdots alhiaen inmBnd pan peaneaiat mensirahbinsodrds isd thm: the
Concentrated water is renoved fromthe ) )
gaptalegadyt dissalend iethe anseappahasaiss remacedhwithather désired

ith ultrapure water
oves FRRTsRtigpat peocess, the
con ter .1he a nt of .25
AT, RGP AALES, 1PLE SRR 1 e BRLe A o
oRHPRIE RRLAL ﬁ?dﬂ'&g&ﬁ-cklh&a{iﬁ&% BleWahfY wialed REHATRULRE, it is
corresponding to the anmount of the ~ renoved
deffieaEntiaat € don@herationy ob ehe didobieddh@irophie ofi Pifidliter or
between the ultrafiltration nmenbrane apparatus and
grérden ppelrtaines dven vdes b dioggn an gasam Qenta’s o thy, ansount
gortion of, water discharged fromthe cleaning step )
ohpiiaraien (Rp ageynt sogpsansinaty the demee of swEaen phS) is
syst.emin addition to 5 the renoval of the
p@%ﬁ@entrated water fromthe ultrafiltrati on nenbrane
appa . . L

et op LA protBE 1o THARE TR MARIiR Hbalitdd RELof che
psORAYEA R R, AEalRohIAAMNASAihe v by hii6r WEig uddRkn be
or the apparatus for dissolving a gas or at a desired
upebids ohe ivatbhdos \Hiwebriagctheaspédific gdaganndey Bmchicressed
10I'n the_enbodi ment shown in Figure 3, the ' )
pefssreg. i | Wherithe srendondniaing rigsating waten sdtbrabeingaised is
ara%us for rennving_contaninan s. A suitable.

a
USeHh A%athEs WagRT R SUsSRE IR nthe APectt asaRneE 8B Buredred

pkdbsure, it is preferable that contaminants contained in the
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accordance with the type of contam nants m xed into
the system A microfiltration nenbrane (M) apparatus
may be used in place of the 15 ultrafiltration

menbr ane apparatus. An ultrafiltration nmenbrane
apparatus or a mcrofiltration menbrane apparatus is
pref erabl e when the renoval of fine particles is the
maj or obj ect due to the excellent accuracy of renoval
of fine particles, excellent cleanliness and easy
gaarndhimgingAsiedrengppateat nse f omeenovi by Gentsppirenss for
a colum of a 20 cation exchange resin may be
pdwaBs R WesiTontringys cleantne mahgr of dhninrgdSendt weaﬁpéf a

SR BR EPHSLA B ShS0R  CEA BRL 1B

u‘é’@&[j‘x of B %?;%g?é’c%afop'ﬁg%)‘ih%l%rég‘g% é"ﬁiaﬁ{e bRl di ?éos@ﬁ' ”?ré the

used conta ani ons an cont'am nan

aggﬂlﬁ&sftﬂ RAE HrbiSorft Qhvanti AR tit @NpruTe@hid EHe@delr@hpIS’.ﬂ'a%sI bor

ultraviol ét |ight may be di sposed when the

rg@asvirgntomtmningarak éa thagaswedraiining cleaning water is disposed.
Figure 3 shows a flow diagram exhibiting still another embodiment

of the process of the present invention and still another embodiment of the

apparatus - of the present invention. A hydrogen-containing cleaning

water after being used in a washing machine 7 is recycled to a water tank
9 via a recycling pipe 8. A piping for supplementing with ultrapure -
water, a piping for supplying nitrogen into the space in the upper portion
of the water tank and a pressure fegﬁlator 10 for keeping the pressure in
the space of the upper portion of the water tank greater than the
ai;mospheric pressure are disposed at the water tank. Water kept in the
water tank is sent out by a pump for transfer under a pressure 11 and

treated for the temperature adjustment at a heat exchanger 12 and, then,

fine particles mixed into the system during the operation of cleaning are

removed by an ultrafiltration ‘membrane apparatus 13. Dusts derived
from the pump can also be removed by disposing the ulfrafiltration
membrane apparatus at this position. Concentrated water iz removed
from the ultrafiltration membrane apparatus, and the water in the water
tank is supplemented with ultrapure Watér in an amount corresponding to
the amount of the removed concentrated water so that the amount of
water in the system is kept constant. The supplementation with

ultrapure wafer in the amount corresponding to the amount of the
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after being used contains TOC as the contam nants.

The water from which fine particles and the like

have been renoved is sent to an apparatus for

di ssolving a gas 14, and hydrogen is dissol ved under

an increased pressure exceedi ng the atnospheric

pressure. The hydrogen-containing water in which the

degree of saturation exceeds 1 5 due to the

di ssol ution of hydrogen is sent to an apparatus for

rpEwEed sepesnbented orater meyghes cqglucm at Hee phring Gatvefen the
as .corres ondln to,the ree of at at.i on

L@&&@&&]?Hﬁ“ Pl?@ F%‘%ﬁ)@ PAIAGUS eaappal‘a Tor' dissolving

A0 BOS GO AT 0o BAPLAY ag@g@ggsen'ﬁ%%s Pedmmg sten

ontarning a g anount I'S
affﬂ"eﬁ? "ﬂeiﬂl;eué&P?g @sUBaro@A th @A \Wudde PQhb isBteBl iR al8@%ion to
when the 10 hydrogen-containing cleaning water is
the ecmoesl, ofl thel @mpseth-gtedbl £tek odm ae axtaidiliratios at@hysine
is attached to the piping for discharging the above
agasrataad Wd@@rﬁuwietm;ugmn Mritlo wigapuieomaier tisinecessary,

g;ygen to formwater so t he danger acconpani ed
hHPPleeen §E’Hﬁr’§éyol?e af. sarbfa@wﬁa@dposm@n of the
throu h an. appar atus
“ﬁi‘é %lg‘}lﬁ‘g gssglgx 2838 0T ﬁ}t)&cgeégﬁd posztzon in.
t treated and, then,
tﬁ?%%ﬁ%@ﬁ%ghﬁﬁggﬁtﬁﬁﬁﬁ sp ere or into a duct for the

vast g gase@bsfiesad shbwhlia Mkand 3, (Heeultrafiltration membrane
hydr ogen- cont ai ni ng cl eani ng water is sent to the

apbewtuagisnactd e Thei apperatys fig fremovivgg contaminants. A
gas- contalnlng cl eaning water. To the piping for the
Sgﬁéb o PORBHT VG cfpiearrﬁrrﬁgn%t entagipppitetcon 18 jseleptpd in

ched, are sent fromt

e et 0a 8 Shdanneete Sikhd ks S Shedid 24
USRS RCBLAUIARG (OGN o PR AL of ihe

I'a wat e I'S adjuste

ulr R RBa i ﬁﬁﬁz&«aﬁecgpgﬂaawg Cheaniipg Mahebn Fnembrane
nonitor for dissolved hydrogen 21 is attached, and

apperaton oe i madckafil tefticay theatheane ra;tmeatus is preferable when
hydr ogen-contai ni ng 25 cl eaning water is nonitored.
the) remevpl o dinte ipaviedles o, thehmaspe object dgaastq ghe excellent

di ssol ved into th gas-cqnt ai ni ng, cl e wat er
agiirasy iFﬁ’jnﬁ‘é?édG 408 PREbYes.afH § %&t apd easy

AL o8 b bty BhaRRRE g, %o%%irahﬁg APLEn of a
ARG B G LS BLIREEAN R 10sToRANhIG: MRl Ahe

Is elevat e rec |ng an reuse

w@k@a@mé&@g Qfsel] $:0ﬁ@@@§frﬁ@al ibhs kS tBE @bEf@Abnantd) al dBimn
present invention that a heat exchanger -is disposed

ofianaaviosi exthapgsi teson nay bhedisposad sthengtlsy ghenvstaining
that the elevation in. the tenperature of the
clepping Feptiht aiter edng preeds sontains gemiepa| and hglica as the

t rature i adj ust ed ar,oun he roomte at.ur e.
O BRRAEr e a0 BT (O R alorh e P ith
uﬂpav:kgleE ?igi@gzﬂ EQ dﬁp%géci Wh\éh the gas-containing cleaning water

after being used contains TOC as the contaminants. The water from
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In the present invention, exanples of the chem cals
added to the gas-containing cleaning water other than
amoni a water i nclude al kalis such as sodi um
hydr oxi de, potassi um hydr oxi de and

t et ranmet hyl ammoni um hydr oxi de, aci ds such as hydrogen
fluoride, hydrogen chloride 15 and sulfuric acid,

chel ati ng agents and surfactants. The chem cal s may

be psed singly or in .conbination of two or, nore. The
hhnke i scHah B SkeaRut heH FORPE 1 Sont 1o an
accor.d Lth the val t A Y. .t
FRESPENER Mo ohd L SR AR BRARS Y Uielvad. ypder,pm
] C ONdigedifg t Mo C h@kik ONSre@SEhOWN TR
1¥%£é%§hrg%%%%$he chenfc%ls %O may be addggeto t he ©
Mdkgfenadigiesinase Wetes G PIEIRR the uhdete i gapiepdit éxapads 1
control of the anpbunt synchronously with the amnount
dofe tohbewhsseluizeid efihpdroghe is sppl tenen eppaY¥séns fdreremoving a
apparatus shown in Figure 3 is used, the _.
Do gbA-c8sParRf fle BPE#MN g hraaas cortespendipgdq thy degree
recycling, and.it i.s:25 suffjcient fhat,ultrapure . .
et (2K Lo FPREHShat T E A RRER o gpining
. r . g I t .
chiREP PR TURE WELEL L RUIMAL o BRI BRownt of hydrqgen s
E#PREQERbM IRCAEH DF€us fdi‘eremﬂf% aOportida dfld EAPWHe the
wat er used for the cleaning can be decreased
hyénarckabhyainHyg chgaing ehter mnmioduogl;ih it Ipeeferable that an
hydrpgen-containin%mcleaning wat er after being used,
oxifiation eatakysl id aitachashiot the mepiagnion gishanene tbe taboyhaas,
ter tank, |s not .renpved by .degassin ut is
a3 F¥REP s bt Bt ecHoR SHHbRBRESTH10 Rt Frégni that
[ epar ed dr -.contalnj [ [. -
tﬁ%er € §¥ eagxﬁg_%ﬁéﬁle%d ?ﬁo%ggs-cgéﬁ a@"ﬁiqﬁ}éﬁ {)ﬁ Sal Réevented',
MR R Rlelifale] %@s 4SS RSh R ubRl M I2YBhyatdk 88 treating the
concentration of dissolved hydrogen such as 1
wWigtd Ehenscn Hinedlydrognteonsaihed ye ltad wddie gamiutieatdd and,
hydrogen gas 10 ueed for the cleaning can be
ther diasleatrgedniate Hhe mtowapher ethéntgi s chet derl thy dragergas

can be decreased to suppress the danger., The cleanin%
daspesehin shepplapfie %‘F@%’@ﬁ%ﬁﬁeﬁ%ﬁ'ﬁ%ﬁlﬁ SYREFHHCR ¢ sent to

tgg E@%ﬁ%’ﬁjgzli‘lﬁf: 'Cre]z ’F %répa{ I;Jisp?nsg ﬁ)r%!hg agrgsnc%ﬁga%ﬁ{]ﬂgnﬁe a%&lg %va%er,

To the piping for the gas-containing cleaning water, a pH meter 18 is

attached, and signals are sent from the pH meter to a pump 19.
Ammonia water is added to the hydrogen-containing cleaning water from
a tank of ammonia water 20, and the pH is adjusted. To the piping for
the gas-containing cleaning water, a monitor for dissolved hydrogen 21 is
attached, and the éoncentration of hydrogen in the hydrogen-conﬁaining
cleaning water is monitored.

In the present invention, the specific gas is dissolved into the
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cl eani ng water which contains a specific gas

di ssolved in water, an 15 apparatus for dissolving a
gas in which the specific gas is dissolved into a
gas-cont ai ni ng cl eaning water di scharged fromthe

cl eani ng machi ne after being used under an increased
pressure exceedi ng the atnospheric pressure, an
apparatus for renoving a portion of a gas in which a
portion of the dissolved gas is renoved_ by decreasing

7 gasccoptaining deoning vzﬁtegatﬁeé: éﬁt@ %adg apdtthe cbbriaphelganing

fromthe appar sso a.gas to pressur

FRREr cabaming é?%ﬁ 35@@9 &%y h$ ﬁBPE}é%f%ﬂbéén
|ssolved and or 988 ¢ n I Ng e
TR SRR "?hﬁséédaioqcéhﬁt %1%% ﬁé%\% B Spffiatiator

t\ﬁe'&@aﬂ;ﬁg di Sehak 9ed; (gtéwﬁdiﬁa?eofe Rlilg 401 (KETDYdNEF Bhe

portl on of a gas an contai ns the speciTl C gas
kG608 Welled 13 RDedRUCH sPrefepphledd the prBemliddtithg that a

machi ne. In the cleaning apparatus of the present
hent entlarger it dispopedhibpalsisged Ipasitideingtie dontlaiing ﬁgstem
s%l %l?arz]tl r}:ge elevation in the temperature of the cleaning water is
suppressed. In general, the temperature is adjusted around the room
temperature. The temperature may be adjusted at a temperature' of 40
to 50°C with stability.

In the present invention, examples of the chemicals added to the

gas-containing cleaning water other than ammonia water include alkalis

_such as sodium hydroxide, potassium hydroxide and tetramethyl

ammonium hydroxide, acids such as hydrogen fluoride, hydrogen chloride
and sulfuric acid, chelating agents and surfactants. The chemicals may
be used singly or in combination of two or more. The amounts of the
chemicals can be controlled in accordance with the values obtaingd by the
measurement of the concentrations of .the chemicals or values
corresponding to the concentrations as shown in Figure 8. The chemicals
may be added to the water added as thé supp_lement under the
proportional control of the amount Syn(ihronously with the amount of the
water added as the supplement.

When the apparatus shown in Tigure 8 is  used, tile
hydrogen-coﬁtaining cleaning water is utilized by recycling, and it is
sufficient that ultrapure water in the amount corresponding to the

amount of the concentrated water removed from the ultrafiltration
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wat er which is discharged fromthe cleaning machi ne
after being used is circulated through a heat
exchanger and an apparatus for renoving contam nants.
In the apparatus of the present invention, the
positions of disposing the heat exchanger and the
apparatus for renoving 5 contam nants are not
particularly limted. The heat exchanger and the

apparatus for renpvin ont ammi nants, may be dj spqsed
1B t%aﬁt@ﬁni‘ﬁwga‘%ﬁ hPRethen SUPRESRRer @%ﬁ&%?rsr the

storin he gas-containin l.eani ng, wat er af ter ;bej
Fadrioft Bt nhEP ERe W aiPe P KR Tl e B, ¢ 18 aREhARa
- ai ni i Ler..af t:er [ . I,
PR R SR Ge SHBl Rl 16 (06 HATNREA Btaining
SRR I Wkt NEdIC BbireX 6BE) ORhicAN Gk trB&cRAD &odh Uhef GBaning
renmovi ng contam nants is not particularly limted,
maachiaayo tfie tiabsretaaylp & attusesovedybsbdeglissipgdud: iatutdived as
upstream positi on. EXAMPLES _15The present invention,
anbprtione of ¢ epmpereRio PE the deeshil arrpaspidy hydwogensppi@ingy
xanmpl es in.the follow ng, ver, the.present.
R R e L R
| £ . _ i
Aol e AL TR, A AR e AREGREA AtRton
LEAGLCT Bh1itEk Q¥R ftes RONSs FobicRil, dha G @ R NRatdRe @hs
‘test apparatus used. The aqueous phases of three gas
ped fenthcdeaminigrand st aed] anduhacmowd df thEBiCGARYed

Co., Ltd.; LIQU-CEL; the 4-inch type] were connected
Hyol regasheast frededrgased to suppress the danger.

- The cleaning apparatus of the present invention is a cleaning

apparatus which comprises a cleaning machine using a gas-containing
cleaning water which contains a specific gas dissolved in water, an
apparatus for dissolving a gas in which the specific gas is dissolved into a
gas-containing cleaning water discharged from the cleaning machine after
being used under an increased pressure exceeding the atmospheric
pressure, an épparatus foi removing a portion of a gas in which a portion
of the dissolved gas is removed by decréasing the pressure on 2
gas-containing water obtained ﬁ'om the apparatus for dissolving a gas to a
pressure lower than the pressure under which the gas has been dissolved,
and a piping for a gas-containing cleaning water by which the
gas-containing cleaning water which is discharged from the apparatus for
removing a portion of a gas and contains the specific gas dissolved in
water is supplied to the cleaning machine. In the cleaning apparatus of

the present invention, it is preferable that the gas-containing cleaning
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25 series. The gaseous phase of the first gas

per neati on nmenbrane nodul e 22 was set at the

condi tion such that the gaseous phase coul d be open
to the atnosphere via a valve 23, and was connected
to a cylinder of hydrogen 25 via a mass flow
control l er [manufactured by YAMATAKE Co., Ltd.] 24 so
that a prescribed anount of hydr ogen coul d be

supplied to th e A pressure

WRier JYRish @ dissp eﬁfg e%ﬂ@@p%ra Hg q%g?aur@geawuseé is

and cribed ,a unt of en was sy

SR T e %Ea%rcgﬁn B orina, REREYEE 4 tekving

W, contgal f, .

cgﬁ%ﬁzj:frl 5 _I_E{gi ﬂélgse{gg;'egéﬂﬁgﬁg gﬁ%%yé%e#itt Q(?M% AEERions of
| g MREXY agechARGEE € 228 VAR Ozﬁﬁi%rhﬁlst h®r removing

atnnsp ere via a piping 30, and the gas in an anount

cootare Bt iang nbb pamcﬂarlgdmmamir aftherheak cedtimpr tand the

solublllty under_ the atnospheric pressure was
AWPREE. [0y rempring fertamingsts feppdir cisnoed hetween the

SR RIRRR G, BB R LR R s
Léa%ﬁﬁ%en 2 51?%1‘ g&ﬁfgﬁ%@& oF tr{?%b&ﬁ 08 wkSSQ%ed, stormg the

of e second gas perneatl

SABEBAANRINTD Alb RIS ABA S8 Thei R Usiddd afd Bbex Eﬁfﬁtdsh €or
hydr ogen concentration [manufactured by HACH
dANAIWTE GS ghAPATLE nedpr 32, digpakihg et]xeoh@s&néx@hngér @.ﬁd the
di ssol ved hydrogen at the outlet of the third gas
appapaiasiion reresring wentrotinioathesnokptticaans imgted, andemy
f.ar the h drogen cqncentrati on [ manuf actured by HACH
oLt AFPPESIEN| Ppesefl Bésﬁn HPETHIBPEREED: 1 t he
20 aqueous phase of the third gas perneati on nenbrane
nodul e was neasured by a pressure gauge 34. In the
EXAIEPBESﬂL hydrogen in an amount of 1 6 ng/liter,

“T.€., 1nan anmount corresponding to the degree of
sat UTaki preseht Invéntddd avill Was des@Hnldv athrb Nsgebficallg ORith
gas perneation nenbrane nmodule, and the degree 25 of
refarencattoexawmdesaid thetfeldowing. Hi'émewe’dmmes&:ft natIeion is
at the outlet of the third gas perneati on nenbrane

itedipsthresempley. 2 MPa. Wien

Example 1 ‘
Using gas permeation membrane modules, preparation of a
hydrogen-containing cleaning water was conducted. Figure 4 shows a

flow diagram exhibiting a fest apparatus used. The aqueous phases of

three gas permeation membrane modules [manufactured by CELGARD

Co., Litd.; LIQUI-CEL; the 4-inch type] were connected to each other in
series. The gaseous phase of the first gas permeation membrane module

27 was set at the condition such that the gaseous phase could be open to
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t he gaseous phase of the first gas perneation

menbr ane nodul e was open to the atnosphere so that
the gas dissolved in the ultrapure water was in
equilibriumw th the atnosphere, and the
concentration of dissolved hydrogen at the inlet of
t he second gas perneati on nenbrane nodule was 5 0
ng/liter, the concentration of dissolved hydrogen at

he outlet of .the t a er neati on nbra
B aBEOTEETD O (HFETS b S OF T SRR 11Er Bagidingier of

bt SRSERES: ROR Gy s os 8 BELRERUARE Co.
mhagses v haut pfb@@:‘lﬂ&i aihubt 68 ﬁ?ﬂfoge%ﬁlé P& supplied to the
concentration of dissolved hydrogen at 10 the inl et
sakeddie phasandAg@sesparargpingon26rewhs adiepsedube avatping for
adjusted at 0.46 ng/liter, and the anount of the
sepplnies dvdugkveand asv@gsmdsmwmﬁhyﬁmgen was supplied to

oncentratl on of saturation chi eved under the
FEEHeFasPepreatign duep J@I@aﬁe r%ﬁ bsbﬁ RS %m%@ler

[ﬁé?eﬁf?%%af At AT B ] 20 TR S BRI R o e
t%ageacgaegg %%gﬂ&@maf Bl 0hy S did 90§ %g 15% thal %_&n?gﬁhem

gas perneati on nenbrane nodul e was
iR/ A1 bg¥ing B0 ehdetheC Qiadi tih 0NS MBOAnt BrEAFBndiSgt BE the
above, the concentration of dissolved hydrogen at the
contdmstatodn eheetlmg dhgashpgehtpamiden fienbiranghepidupessure
was 1. 163 [liter. 20Wen the concent ration of
VssEeaaved- n&éﬁ*é@‘éﬁ? wetarieas mtead uspd ipe thei aqpegas phase of

(BT e PR Lo eRe TR OGRS Vare SH LY RPRagl at s
L SR N M ST T

correspon e concen a I On excee

t8Olinlk |de tMe %B&%ﬂ $ep QLD RRCHIcEn 58S %ﬂ&&ﬂetm measured
concentration of di ssol ved 25 hydrogen at the outl et

u@iug hembhirr fdr ghs Ipelropal icomcomeritian émandtceured by HACH
resented by D2 /liter the rel ati on between DI
@2AHé@YH§CS JA Inc.] 32, 'and the concentration of dissolved
hydrogen at the outlet of the th:trd gas permeation membrane module was
measured using a meter for the hydrogen concentration [manufactured by
HACH ULTRA ANALYTICS JAPAN Inc.] 23. The préssure in the
aqueous phase of the third gas permeation membrane module was

measuved by a pressure gauge 34.

In the first step, hydrogen in an amount of 1.6 mg/liter, ie., in an

amount corresponding to the degree of saturation of 1 in water, was

dissolved in the second gas permeation membrane module, and the degree
of saturation was adjusted at 2. The pressure of water at the outlet of

the third gas permeation membrane module was kept at 0.2 MPa. When
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expressed by the follow ng equation: D2 = D1 /
(degree of saturation in the second gas perneation
menbr ane nodul e) Wien the concentration of dissolved
hydrogen at the inlet of the second 5 gas perneation
menbrane nodule is O ng/liter, the concentration of
di ssol ved hydrogen at the inlet of the third gas
perneation menbrane nodule DI is 1.6 ng/liter, and

he I I d f
P b B g B U SRR IBE SRR g s ovem
tB %h@%@ﬁm@ﬁhﬁg%rﬁ% RGN 8isEBIvbS i} cBé %lt@%&fet@zﬁter whs8n

n the concentration of 10 dissol ved

eiqyndﬂﬁg@m alith RBei M@ésphlerd, Nend edrndogRatReioneaf ididsolved
menbrane nodule is 0.46 ng,/liter, the value of D1 is
hy@ragerlatehhengldtiof éhe senvadigdae p@mln@atlan etkykitae oddud2 was

is (0.46+1.6)/2 ng/liter = 1,03 ng/liter. w {
G grebiterr sbe sanemtERtiary Py dissalred oa%n fhd Prﬂ“é etgyf the
second tion ane l e
ohif F PR PR B oD s v, 7o iy | Fpgposen
‘ f [ ( 7

/ll%z%}g)r&ﬁgéc?&li%t %{?I ?%éeérgl;lg plpc?ge of (e ﬁitélt %&é zpermeatlén
membrane module just by passing through the gaseous phase without
adding any pressure. When the concentration of dissolved -hydrdgen at
the inlet of the second gas permeation membrane module was adjusted at
0.46 mg/liter, and the amount of the entire dissolved gases was such that

the concentration of saturation was achieved under the atmospheric

pressure, the concentration of dissolved hydxrogen at the outlet of the third

gas permeation membrane module was 1.017 mgfliter. When the
concentration of dissolved hydrogen at the inlet of the second gas
permeation membrane module was 0.76 mg/liter, and other con&iﬁons
were the same as the above, the conceﬁtraﬁidn of dissolved hydrogen at
the outlet of the third gas permea’c‘ion' membrane module was 1.163
mg/liter.

When the concentration 0f.dissoiveci hydrogen at the inlet of the -
third gas permeation membrane module is represented by D (mg/liter)
and, after the degree of saturation has been adjusted at 1 by removing the
gas in the amount corresponding to the concentration exceading the
solubility under the atmospheric pressure, the concéntration of dissolved

hydrogen at the outlet of the third gas permeation membrane module is
represented by D, (mgfliter), the relation between Dy and Dy can be
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Then, the sane procedures as those conducted in the
above were conducted except that, in the second gas
per meati on nmenbrane nodul e, hydrogen in an anount of
3.2 ng/liter, i.e., in an anount corresponding to 20
the degree of saturation of 2 in water, was dissolved
so that the degree of saturation in water was
adjusted at 3. When the concentration of dissolved

dro i.nl et of. the second gas perneation
el’fé %‘ﬁgy%ﬁgﬂqg’“{fvﬁge@“ i ter, the concentration of
di ssol vedphydp ngg%gﬁée éifb%tﬁﬂiﬂtﬁlt Me@é@oﬂch%ééjp&%atmn

per neati on“nenbrane nodul e was 015 no/li

When t he concentr atj,oaLefndihsg@leyed hydrogen of at
the inlet of the second gas perneati on nenbrane

VWiheh lthe wascahidAGicrg bl diseslved Nerdeopeent thd ialat of the second
di ssol ved hydrogen at the outlet of the third gas
goer parardadionnerdpbmaenvddike iad maBiennghei cancentmptinn of

the cancentration _of |ss | ved. hydrogen of at the
difsobiedobyqingen gdothe aﬂ £t AhiTnEan REFRREb PR QR Bbrane

9137 65 U@l /i, ﬁ@ %h& 9&1@&&%@%% Fihdicssdnteflion of

at t e ouf et of 5 the thi gas perneati on

&Meﬁnﬁyd}ggéﬁ StWRS chith? QB! AT gas permeation membrane
module Dy is 1.6/2 mgfliter = 0.8 mg/liter. When the concentration of

dissolved hydrogen at the inlet of the second gas permeation membrane
module is 0.46 mgfliter, the value of Dy is (0.46+1.6) mgfliter, and the
caleulated value of Dy is (0.46+1.6)/2 mgfliter = 1.03 mg/liter. When the

concentration of dissolved hydrogen at the inlet of the second gas
permeation membrane module is 0.76 mg/liter, the value of D; is
(0.76+1.6) mgfliter, and the calculated value of Dy is (0.76+1.6)/2 mg/liter
= 1.18 mg/liter. '

Then, the same procedures as those conducted in the above were

conducted except that, in the second gas permeation membrane module,

hydrogen in an amount of 3.2 mg/liter, ie., in an amount corresponding to
the degree of saturation of 2 in water, was dissolved so that the degree of
saturation in water was adjusted at 3. When the concentration of
dissolved hydrogen at the inlet of the second gas permeation membrane
module was O ﬁgg[}iter, the concentration of dissolved hydrogen at the
outlet of the third gas‘ permeation membrane module was 1.015 mgflitér.
When the éoxi:entration of dissolved hydrogen of at the inlet of the second

gas permeation membrane module was 0.46 mg/liter, the concentration of
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When the concentration of dissolved hydrogen of at
the inlet of the second gas perneati on nenbrane
.module is O ng/liter, the concentration of dissolved
hydrogen at the inlet of the third gas perneation
menbrane nmodule D1 is 3 2 ng/liter, and the
calculated value of D2 is 3.2/3 ng/liter = 10 1.07
ng/liter. When the concentration of dissolved

D fogh o B e B SRR TSR
6+3. i tek. d | | at | f,. D2

hQuts et 1557 hehitefor R SBhel G Bir i ot pdivec

HARGRML S8l d ﬁ% Hiedbe8R) Mefnlydk %@ﬂeﬁioﬂ%xfrﬂ@r&’n@lzﬁbdule

of the seco gas perneati| on nmeffbrane no e 1s.15
vehs/®.70@h /i@l thé bendtatigiodlof BisdodvedOhydBbger it the outlet of
ng/liter, and the cal culated value of D2 is

the thridd Za8 pbBuaglibh emmbrabe 3Rodvge Midsel. 260 mg/liteThen,

t he concentration of, dissolved H%?rogen at the inlet

of t Rhatethsnepnsastigsiomudchisalondrnbidineemtin Ghanalet of the
Bnt b csion e beEh, i DR B AR r 3o on

BRI BhgRE b LR bl LEELERY Bhe Reracififh mombrane
mvabilad); us Betlratlitbr Sandtler @dfuleted tdiee dEDp &e3.8f3 mg/liter =
saturation was adjusted at 1 in the third gas

IEr megllifean Weldyr dhe conduiteitidnnoef Missobedehydrogen of at the
D2=1.8/1.5=1.2 ng/liter, , The concentration of
igles §btheosrcdipd rsgarermeatine merhetansf mpfalesis Gottimgdiser, the

RELTSRU 0. TR AN URdilg: JLRe ATRLALI BFa gk eagD, e

I SSO o gas per atron

(g?cg-tg %.%)i :; %j%iiltt] & THaRHLS 't\éll'a.l-s LS*@P%% gﬂ% %%l}cgeéjtr%%lg)?l ot\f%l(ies%(eﬂved

e’ concentration Yy e

Ut Rh #farthe bt be RS RS ?E@%&%M@Hﬁr&ﬁ@k&oﬂm is
I 5 Tabfle

are shown in Table 1.
0.76 mgfliter, the value of D; is (0.76+3.2) mgfliter, and the calculated

value of Dy is (0.76+3.2)/3 mg/liter = 1.32 mg/liter.

- Then, the concentration of dissolved hydrogen at the inlet of the
second gas permeation membrane module was adjusted at 1.0 mgfliter,
and hydrogen in an amount of 0.8 mg/liter, i.e., an amount corresp.onding
to the degree of saturation in ﬁrater of 0.5, was dissolved_ so that the
degree of saturation in water was adjusted at 1.5. Thereafter, the degree
of saturation was adjusted at 1 in the third gas permeation membrane
module. In this case, Dy=1.8/1.5=1.2 mg/liter,

The concentration of dissolved hydrogén at the inlet of the second
gas pernieation membrane module, the émount of hydrogen disselved in

the second gas permeation membrane module and the measured value
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Concentration of hydrogen at inlet of second nodul e

10(m gaiter)

Amount of hydrogen di ssolved in second
nodul e (mg/liter) -

and calculated value of the concentration of dissolved hydrogen at the

outlet of the third gas permeation membrane module are shown in Table

1.

Table 1

Concentration of

Amount of hydrogen Concentration of hydrogen

hydrogen at inlet dissolved in at outlet of third module
of second module second module
(mngfliter) (mg/liter} (mgliter)
measured calculated
value value
0 16 0.793 0.8
0.46 (corresponding to 1.017 1.03
0.76 degree of saturation 1.163 1.18
| of 1)
0 3.2 : 1.015 1.07
0.46 (corresponding to 1.167 1.22
0.76 degree of saturation 1.260 1.32
of 2)
1.060 0.8 1.180 1.2
(corresponding to
degree of saturation
of 0.5)
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Concentration of hydrogen at outlet of third nodul e
(nmy/liter) neasuredcal cul ated val ueval ue
151. 60. 7930. 8 0. 46(correspondi ng tol.0171. 03

0. 76degree of saturationl.1631.18 of 1)
2003. 21. 0151. 07 0. 46(correspondi ng tol. 1671. 22

0. 76degree of saturationl.2601. 32

As shown in Table 1, the measured values and the calculated
values of the concentration of dissolved hydrogen at the outlet of the third
gas permeation membrane module agree with each other well. When B
hydrogen in an amount corresponding to the degree of saturation of 2 ﬁvas
dissolved in the second gas permeation membrane module, the
hydrogen-containing cleaning water having a concentration of dissolved

hydrogen of 1.2 mg/liter, a value greatly exceeding 1 mgfliter required for

Vexhibiting the cleaning effect, could be obtained. When hydrogen in the

amount corresponding to the degree of saturation of 2 was dissolved in the
second gas permeation mezﬁbrane module, the difference in the measured
value and the calcﬁlated value was greater than that when hydrogen in
the amount corresponding to the degree of saturation of 1 was dissolved.
This result is considered to be obtained since the amount of hydrogen

which is actually not dissolved in water increases as the amount of

‘hydrogen introduced into the gaseous phase under an increased pressure

increases.

As shown in the last row in Table 1, the present invention is
particularly useful when the concentration of dissolved hydrogen at the
inlet of a gas permeation membrane module for dissolving hydrogen under
an increased pressure is relatively great. When a conventional pi'ocess is
appiied to the above case, 1.0 mgfliter of hydrogen is removed by a
vacuum pump and, then, 1.2 mg/liter of hydrogen in supplied. In
contrast, in the present invéntion, 0.8 mgfliter of hydrogen is supplied,
and 0.6 mg/liter of hydrogen is removed without using a vacuum pump.
The effect of decreasing the amount of consumed hydrogen 'caﬁ be

exhibited in combination with the effect of enhancing the safety.
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of 2) 251.000.81.1801.2 (corresponding to degree of
saturation of 0.5) 30 As shown in Table 1, the
nmeasured val ues and the cal cul ated val ues of the
concentration of dissolved hydrogen at the outlet of
the third gas perneati on nmenbrane nodul e agree wth
each other well. Wen hydrogen in an anount
corresponding to the degree of saturation of 2 was 5

di ssqlved in.the,second gas per.neat.ion rane .
nrodulq%‘?e PRESHYRI P JEHEE Gkt ‘g%enf’ﬂﬁe"c Iotéﬁ? &5&%%% PREVPHGen

eHyrbget y
RrProer SR yanys ot ) B e g oy phase of th

' %‘%? ;ga%:;g?rgz@v\{ﬂaéﬁ)ﬁhhingﬁﬂrﬁﬂe theacleeRak MPeld €6 the CRM HpRE ..

rogen in the anount correspondi ng
vadéheteiegreadifos atiidabdan of 2nwasmdissobied.d nmigheer
10 second gas perneati on nenbrane nodul e, the
dofrbspenies ito thhelagess of edtwative ohl) vhén cal euloantef 3.2
val ue was greater than that when hydrogen.in the

mgdiar (srespending tgtheolqziee 4 §RBRAPLOA A MEE Sifseved in
s dis olyed. Thi s resuh} iS cg&gﬁderaﬁ}tq:bqﬂﬁx tion of
D SRR EF REETIRE RSO TBRS HYCH e AR GHPEHoRCentra

[ v C :
ST 00l Bl LD by PRt b b
RBASR YREBLr AR 1Wed 6ASRMRHESSTHE ©khEdeaas8Hn of dissdSed
shown in the last rowin Table 1, the present °
e péh erasis7 Pl iciel ak |1y00fsekllitewhenpddirely. The result is
concentration of dissolved hydrogen at the inlet of a

Jusvper Reblei bn Thentssalfeohipihsidevhon th prassurawf water at the
hydr ogen. under_ 2 n.increased. pr, ure is relatively
Greftvas e at %%8@@%% QP ?)‘F’B&’gsﬁ‘ﬁ%éappl ied to the
above case, 1.0 ng/liter of hydrogen is renoved by a

vacuum punp and, then, 1H€Iﬂgéliter of hydrogen in
supplied. In contrast, i _% “present invention, 0.8

~hydrogen i s renoved w t hout using a vacuum pu

Amount of hydrogen Pressure of water Concenrglpétion of
dissolved in second at outlet of hydrogen at outlet
module third module of third module
(mg/liter) 7 (MPa) (mg/liter)
1.6 ' - 0.05 0.798
{(corresponding to degree 0.2 0.793

of saturation of 1)

32 -0.056 1.006
(corresponding to degree 0.2 1.015

of saturation of 2)
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25 The effect of decreasing the amount of consuned
hydr ogen can be exhibited in conbination with the

ef fect of enhancing the safety. The pressure
of water at the outlet of the third gas perneation
menbr ane nodul e was kept at 0.05 MPa, and the gaseous
phase of the first gas perneati on menbrane nodul e was
opened to the atnosphere. Under this condition,
hydrogen in an anount. of 1.6 liter 5

(cor PesThond fﬂg’f@‘ﬁe Ehehaiprpesereott veaten ahthopuidet ofjthg third
in an anpunt .2 /11 [ ; )
3P ReSETN b dn ShbYE 4P FCTREAAD difdton of

sg&oqg gas perneati on menbrane: nodul e, and the

%? Sentration of dissol ved hydrogen at the outlet of
the third gas perneati on nenbrane nodul e nenbrane was
‘measured. The concentration of dissolved 10 hydrogen
EvaenPle 98 ng/liter or 1.006 ng/liter, respectively.
The result is shown in Table 2. The result obtained
when THee hpdrogsmneentafiningt eleaning Metel PreRarad sink apgorggnce

AN TR N M LT AT T R
aZgTFéra Ssic’zlérb%r aoctle%grmachine.

The hydrogen-containing cleaning water was applied to cleaning of
a glass substrate having a great size in a cleaning tank having a capacity
of 600 liters. Water overflowing from the cleaning tank was received in a
storage tank having a céyacity of 500 liters. Water in the storage tank
was transforred by a pump at a rate of 100 liters/minute under a pressure
of 0.2 MPa and passed through an ultrafiltration membrane (UF) module
Imanufaciured by KURITA KOGYO Co., Ltd.; KU1510-HS] in the first
stef). Concentrated water con’éaiﬁing foreign substaﬁces was removed at
a rate of 20 liters/minute. Ultrapure water introduced from a branched
piping at a rate of 20 liters/minute was combined with the main stream
water at the downstream side of the ultrafiltration membrane module,
and the flow rate of the entive water was kept at 100 liters/minute. This
water was introduced into a _gés permeation membrane 'module for
dissolving hydrogen. When the concentration of dissolved hydrogen in
the water taken from the branched piping immediately before the gas
permeation membrane module was meésared, the coﬂéentrétion of

dissolved hydrogen was found to be 0.8 mg/liter. It was also found that 7

mg/liter of nitrogen and 4 mgfliter of oxygen were dissolved.
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at outlet of third nodule (MPa) Concentration of
hydrogen at outlet of third nodule (ng/liter)
1. 60. 050. 798 (correspondi ng to degree0. 20. 793

Hydrogen was supplied to the gas permeation membrane module at
a flow rate of 1,800 mi (the standard conditicn) /minute under a gauge
pressure of 0.15 MPa, and the entire amount of hydrogen was dissclved
under the added pressure. The concentration of dissolved hydrogen
immediately after this operation was 2.4 mg/liter, and the concentration of
dissolved nitrogen and the concentration of dissolved oxygen were the
same as those at the inlet of the gas permeation membrane module.
When the concentrations ave expressed in terms of the degree of
saturation, hydrogen in a concentration corresponding to a degree of
saturation of 1.5 and the components of the air in a concenfration
correspending to a degree of saturation of 0.5 were dissolved, and the
concentration of the entire dissolved gases corresponded to a degree of
saturation of 2. V

An additional gas permeation membrane module as the apparatus
for removing gases in amounts exceeding the concentration of saturation
was disposed at the downstream of the gas permeation membrane module
for dissolving hydrogen. A tube was attached to the connecting point of
the gaseous phase and conmected to a column of an oxidation catalyst.
The portion between the above members were kept approximately at the
atmospheric pressure without attaching valves or the like causing
pressure losses. A sample of water was taken immediaﬁelj'after the gas
in the amount exceeding the concentration of saturation was removed,
and the concentrations of cﬁsselved gases were measured. The
concentration of hydrogen was 1.2 mgiliter (corresponding to a degree of
saturation of 0.75). The concentration of nitrogen was 4.5 mg/liter and

the concentration of oxygen was 2.0 mg/liter {corresponding to a degree of
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of saturation of 1) 253.20.051.006 (corresponding to
degree0. 21. 015 of saturation of 2) As shown
in Table 2, the pressure of water at the outlet of
the third gas perneati on nmenbrane nodul e did not
affect the dissolution of hydrogen. 5 Exanple 2
The hydrogen-containing cleaning water prepared in
accordance with the present invention was used for
ass ubs rate havin

SERERRPROPToa Fo Rt GO BHRREREn A PR AGYc A0 Thgaired
ofFi N0, SPPHLEAAP HIEARNG: 81 10 %Q&hx‘?‘s& SHBIL, 2hs

aving a great size dani 'hg aving a

sﬁﬁ%ﬂ}ysaqfsﬂ@go liters. Water overfl owi ng fromthe
cleaning tank was received in a storage tank having a

capathé Ye:abe30rd bf Sieswatbdtofthé Bub hlenstmrege23°dh lkndebe
transferred by a punp at a rate of 100 liters/mnute
temgeratarqeideurizcuwdatits Fauraatile pdesedhe mléeﬂxghg &k was

AP b s ot o e i
. Co d f

fioba%@aneﬁée%gsﬁaﬂ%%%“%ﬁ%t B ARBLI W Fofhctod,. and dhe

g’&a%m% ueata;feéwn&e@aé rc@H’ﬁ?mQE anehade pdcaaﬁa)x%as

rateo ter ute was conmbined wth the nmain

sﬁdkﬁl@@éﬂéﬁﬁﬁﬁrah@trett gewhgdst eam si de of the _
ultrafiltration nengrane nodul e, 20 and the flow rate

of t he tbatdemmingteaching, Wopisonlc ¥@Ge laft4r &H7 wat aised 1n
This water was introduced into a gas perneation
cwhm@m, restiucleagne avisk gliyping mr@@m tafph dor Phminutes

ISR ELRUE - L NERTIR TSN
c%%%g? " @-{%f %ﬁﬁgg?%?ﬁiﬂ@epa%gws § a8 5s TEARY L 9, pﬁ:rlﬁ greater
on the glass substrates before the cleaning was about 4,000 in average.
Ten glass substrates were cleaned usiﬁg ultrapure water, a prepared
hydrogen-containing cleaning water having a concentration of dissolved
hydr{;gen of 1.2 mg/liter or a cleaning water prepared by adding 3 to 5
mgfliter of ammonia to the above cleaning water. The number of fine
particles having a size of 1 ym or greater on the glass substrates after t]ie
cleaning was about -800 when ultrapure water was used, about 70 when
the prepared cleaning water was used, and about 30 when the cleaning
water containing added ammonia was used.

It was conﬁrmed from the above results that the highly efficient
cleaning could be conducted by using the hydrogen-containing cleaning

water Whi{:h is supplied and circulated in accordance with the process of

the present invention and by using the apparatus of the present invention.
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25 di ssol ved hydrogen was found to.be 0.8 ng/liter.
It was also found that 7 ng/liter of nitrogen and 4
ng/liter of oxygen were dissol ved. Hydr ogen
was supplied to the gas perneati on nenbrane nodul e at
aflowrate of 1,800 m (the standard condition)

/ m nute under a gauge pressure of 0.15 MPa, and the
entire annunt of hydrogen was di ssol ved under the

‘é'.gar dalQ& a : ee?@&‘l‘: ?kaeg%%n%ncag béjbﬁﬁa%c\é\%a ¥ azdding a

ogen eration
s@a{u bf@bnt mmﬁ @@ﬁﬁﬁﬁf@%g&pc&&aﬂmﬁg Rlcu@shMivhepgen
and the concentration of dissolved oxygen were the
same as those at the inlet of the gas perneation
nenbrane nDduIe Vhen t he concentrations are
&ddy DY oty -J the degree of saturation,

hydr gen in conc ation corresp to a de r.ee

of " 108 secariRCE WO 1 BvEeEh rcawﬁwﬂg & GPScHatIre
clegatnﬁég{]aoem : %t B_*g nkl/\ér?% rt§ pagagﬁ gﬁgx tj%r opzi%ﬁgm%% 1919 cleaning
wAtRE %Wdrﬁ% QB gt %ﬁ)ﬁ&ﬁ%ﬂg %hg' %ﬁ?ﬁnﬁ%sﬁéanmg water in

corresponded to a ree of uratlon of

vasidh the Bﬁém&ﬁ@a@ﬁﬂi’gﬁﬂvm Q‘tﬁa& menmwtﬁma@ﬂ besupplied
apparatus 15 for renoving gases in anounts exceedi ng
stafedy cwitbe atabaliiyo rwithowatugingt iao mevheniting pos edecatadihg the
downst ream of the gas permeati on nepbrane npdul e for
PHPSIBE PHAY aﬁ;ﬂdpagﬂéh omemﬂyénamasg% t &8 W@»ahtnéat-nh@e precess

8 B APRRSPe S PR o chiaty SRER oo i e geously
BB G D N

0 at I'C pressure wthou attac I ng val ves
rOfyctd¥add kfis@usi ng pressure | osses. A sanple of
wat er was taken inmediately after the gas in the
amount exceedi ng the concentration of saturation was
renoved, and the concentrations of dissolved gases
wer e neasured. The concentration of hydrogen was 1 2
ng/liter (corresponding to a degree of 25 saturation
of 0.75). The concentration of nitrogen was 4.5
ng/liter and the concentration of oxygen was 2.0
ng/liter (corresponding to a degree of saturation of
0.25 as the entire conponents of the air). The
requi red concentration of dissolved hydrogen, i.e., 1
ng/liter or greater, was sufficiently satisfied. The
tenperature of the water of the supplenent was 23C,
and the 5 tenperature of the circulating water at the
inlet of the cleaning tank was 27C, which was '
slightly higher than that of the water of the
suppl enment. However, no adjustnent of the tenperature
was conducted, and the operation was continued after
it was confirmed that the condition was stabilized at
-the above tenperatures.
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10l n the cl eaning machi ne, ultrasonic wave of 40 kHz
was used in conbination, and cleaning with dipping
was conducted for 5 mnutes using glass substrates
“having a size of about 1 msquare as the article for
cl eaning. The nunber of fine particles having a size
of 1 pmor greater on the glass substrates before the
cl eani ng was about 4,000 in average. 15 Ten gl ass
substrates were cleaned using ultrapure water, a

prepared hydrogen- contalqu I\E:I#eaning wat er having a
concentration of dissolve ogen of 1.2 ng/liter

or a cleaning water prepared by adding 3 to 5

ng/liter of ammonia to the above cleanlng wat e
I ﬁﬂr?@é?ra%‘ﬁ for pfedysing 4 SIsconRaURhEeY g Yaepphich ﬁﬁﬁ‘té‘fns 3 Specific
M@a% suRsLERE after the 20 cl eaning
gw%ggﬁg 19Q§%gq$ﬁ Ftrapur lagter was used, about 70
whean nnmrzpusefwdsdol@ing argann waicethepscifis geb is alisdolagxbinto water
water cont ai. ni_n addgd ammoni a

et e pEE SO A P e O RBBVEE, ol o

t hahn bpgari R te@bfing agpttiol efane dgscesd ghshve deelredsuﬁg pdssure
usi ng. t he hydr ogen- cont ai ni.ng, cl eani ng 25 wat
onmﬁ wHer Witk Enspaaﬁ dis Gere bsied g‘@@apﬁaﬁ% forgfispiving the

cad 136 LGRS &It%éénge gfegssﬁ@ﬁndef‘%%f&'ﬂ%’gﬁﬁgs R¥n Uakdlged, he

apparatus o sent 1 nvention It was al so
sh owheltehahe apperahs foc tenofving thappntign obihe dissdvdibgas edmbyises

addi ng a, smal | unt_of, anmon t h . ..
hydr ogen- (%ﬁtpgﬂ{[ﬁan &r %"ﬁ'ﬁ‘hegm&é@éfrtﬁfﬁhm E\f gas-containing
watdPRlJacB] 44dTY 51 n accordance with the process for
produ0|ng a gas-containin X X
a gaseous phase portlon of the gas permeation membrane module is

connected to the atmosphere.

2. The apparatus for producing a gas-containing cleaning water according to claim 1,
wherein the apparatus for dissolving the gas comprises a membrane module comprising a
gaseous phase, an aqueous phase and a gas permeable membrane and a material water is
introduced into the aqueous phase and the specific gas is introduced into the gaseous
phase under a pressure exceeding the atmospheric pressure, thereby the specific gas is

dissolved into the material water via the gas permeation membrane.

3. The apparatus for producing a gas-containing cleaning water according to any one of
claims 1 and 2, wherein a plurality of pairs of the apparatus for dissolving a gas and the
appar;cltus for removing the portion of the dissolved gas are arranged in a manner such
that the apparatus for dissolving the gas and the apparatus for removing the portion of the

dissolved gas are arranged alternately.
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cl eani ng water and by using the apparatus for
produci ng the cl eaning water and the cl eaning
apparatus, the gas-containing cleaning water in which
the specific gas is dissolved in a great
concentration can be supplied safely with stability
W t hout using a nmechanism for decreasing the 10
pressure such as a punp for renoving a gas. In
particul ar, the process and the apparatuses of the
present inventi.on can be advantageously applied wth
great practical value when a great anount of water is
4. TRE ¥§artusaodploausslthe bas-c6dtAhMB clebnindivaddd Radoadidg td My one of
produci ng a gas-containing cleaning water which )
claggnt & AeVizck praprises 2 geryclifeipt (08 deqyslmgihe gas-Giitaiping cleaning
3 ' t for dissolving
R AR RPTR R Pt for AR RRE IR S ol ved 1 nto
wat er under an increased pressure exceedi ng an

: nospheri ¢ pressure, and .. an, apparat us for,. .
5. FhTBOPAE B EREREdRE Bheconratunf SiBRBE v deeBiagdr slyim
W Bedh dpparatat Bf remdvingt dvategdsant Biabt yedednb@ififd bleaning
obtai ned fromthe apparatus for dissolving the gas to
Walftnressure | ower than the pressure under which the
gas has been di ssol ved, wherein the apparatus for
removing the portion of the dissolved gas conprises
6. Ehegappanpsis feaproducingtib ganeontneiof eleaiing wgher whropding eany one of
asrcontaining water 1s. ed, and a '
Chgé%%%ﬁg“b g@ggﬁg %ﬁ%%g%fgﬁﬁ%°<%s per meati on nmenbrane
nodul e i s connected to the atnosphere. 2. The
appar atus for produci ng a gas-contai ning cl eaning ..
7 Qatigining SBRHR Y TP m%? A e SR ot BE-gopfaining
clefliSS QM@ hichecARSnE APl FRS R HRIINANG WREY! &n apparatus for
_conprising a gaseous phase,_an_agueous phase and a _
disgrdsinp er gasalb| wehiple ity siresilisnghs ds Wigselivedintoat gas-dostaining cleaning
waJ[ePEilrsghday Ce%q"rd e d Qa%i aurH? PR a?tgf"ggngﬂgedtulﬂ ersagnelgclzrfeésgd pressure
gas I's fhtroduced 1nto the gaseous® phase under &
exdeedisg bl emexpleeiti pressteearbprasplseivr tenivagsdip@tion bethe bljssolved

the specific gas i dissolved into. the terial water
oI R B e et ol Gras detoNpahapmasattiel fom the

apPaPliusP6PEYSIINEg hedAS tEOPleRiuft RAeFihaa H{egﬂes\é% &hder which the gas
according to any one of clainms | and 2, wherein a

hasgiegn dissalyedo findaiprpsnofor theegaaspaliptingscleapneaivaieoby vhigh she gas-
co BT SHRPLAN f Sl T8 S BRLhiol Syl o
poréippar afteugasf ard chirssiod Hengpetifie gasiiaokted live vappds atpisied to the
cle%}?r;%r G 1\1“%:1 t%gttge? éﬁﬁa?a?usoltor tr_QrSmg]hg %h%l S’o?’t?onggis th%rde]ssolved gas
comprises a gas permeation membrane module through which the gas-containing water is
passed, and a gaseous phase portion of the gaé permeation membrane module is

connected to the atmosphere.
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4. The apparatus for producing the gas-containing
cl eaning water according to any one of clains 1 to 3,
whi ch conprises a recycling pipe for recycling the
gas-contai ning cl eaning water after being used to the
apparatus for dissolving the gas. 5. The apparatus
for producing the gas-containing cleaning water
according to claim4, which conprises an apparat us
8. flbe dleaningi apacost @wmaz © ¢lant fe whasinc drt gisriongining cleaning

| eani ter. . The ar at us, .f or .produci ng, t he,
weits oo ok e hecd Sam e SRREH RS nl BORE o it Sippulated
thibh@ MBeal ctPader WREARIpPalah f&frembling c@Asmingndydr ogen.
7. A cl eani ng apparatus which conprises a cl eaning

machi ne using a gas-contai ning cl eani ng water which
contains a specific gas dissolved in water, an
apparatus for dissolving a gas in which the specific
gas is dissolved into a gas-containing cleaning water
di scharged fromthe cl eani ng machine after being used
under an increased pressure exceedi ng an at nospheric
pressure, an apparatus for renoving a portion of the
di ssol ved gas by decreasi ng pressure on-the water
with the gas dissolved therein, obtained fromthe
apparatus for dissolving the gas to a pressure | ower
than the pressure under which the gas has been

di ssol ved, and a piping for the gas-containing

cl eani ng water by which the gas-containing cleaning
‘wat er which is discharged fromthe apparatus for
renovi ng the portion of the gas and contains the
specific gas dissolved in water is supplied to the
cl eani ng machi ne, wherein the apparatus for renoving
the portion of the dissolved gas conprises a gas
perneati on nenbrane nodul e t hrough which the
gas-contai ning water is passed, and a gaseous phase
portion of the gas perneation nenbrane nodule is
connected to the atnosphere. 8. The cl eaning
apparatus according to claim7, wherein the
gas-cont ai ni ng cl eaning water which is discharged
fromthe cleaning machine after being used is

circul ated through a heat exchanger and an apparatus
for renoving contam nants. ABSTRACT A process
for producing a gas-containing cleaning water which
contains a specific gas dissolved in water, which
process conprises dissolving the specific gas into
wat er under an increased pressure exceedi ng an

at nospheric pressure to prepare a gas-containing

wat er having a concentration of the gas exceeding
solubility of the gas under an atnospheric pressure
and, then, renoving a portion of the dissolved gas by
decreasi ng pressure on the gas-containing water; an
apparatus for producing a gas-containing cleaning
wat er which conprises an apparatus for dissolving a
gas (14) in which a specific gas is dissolved into
wat er under a pressure exceedi ng the atnospheric
pressure and an apparatus for renoving a portion of a
di ssol ved gas (15) in which the pressure on the
gas-cont ai ni ng water obtained fromthe apparatus for
di ssolving a gas is decreased to a pressure | ower
than the pressure under which the gas has been

di ssol ved so that a portion of the dissolved gas is
renoved; and a cl eaning apQ@ratus usi ng the
gas-cont ai ni ng cl eani ng wat'er. A gas-contai ni ng

cl eani ng water having a desired concentration of the
gas can be produced safely w thout using a nechani sm
for decreasing the ‘
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pressure such as a vacuum punp. Water and the
specific gas in the gas-containing cleaning water
after being used can be reused. The process and the
appar atuses can be advant ageously applied to cleaning
el ectronic nenbers requiring a great degree of

cl eanl i ness. ' '

ABSTRACT

A process for producing a gas-containing cleaning water which
contains a specific gas dissolved in water, which process comprises
dissolving the specific gas into water under an increased pressure
exceeding an atmospheric pressure to prepare a gas-containing water
having a concentration of the gas exceeding solubility of the gas under an
atmospheric pressure and, then, removing a portion of the dissolved gas
by decreasing pressure on the gas-containing water; an apparatus for
producing a gas-containing cleamng water which comprises an apparatus
for dissolving a gas (14) in which a specific gas is dissolved into water
under a pressure exceeding the atmospheric pressure and an apparatus
for removing a portion of a dissolved gas (15) in which the pressure on the
gas-containing water obtained from the apparatus for dissolving a gas is
decreased tora pressure lower than the pressure under which the gas has
been dissolved so that a portion of the dissolved gas is removed; and a
cleaning apparatus using the gas-conitaining cleaning water. A
gas-containing cleaning water having a desired concentration of the gas
can be produced safely without using a mechanism for de;creasing the
pressure such as a vacuum pump. Water and the specific gas in the
gas-containing cleaning water after being used can be reused. | The
process and the apparvatuses can be advantageously applied to cleaning

electronic members requiring a great degree of cleanliness.
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