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DESCRIPTION PROCESS FOR PRODUCING GAS-CONTAINING
CLEANING WATER, APPARATUS FOR PRODUCING THE CLEANING
WATER AND 5 CLEANING APPARATUS TECHNICAL FIELD The
present invention relates to a process for producing a gas-containing
cleaning water, an apparatus for producing the cleaning 10 water and a
cleaning apparatus. More particularly, the present invention relates to a
process for producing a gas§@iaRinggeaning 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
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degree of cleanliness’suc or semiconductors and glass
substrates for flat panefgipaysvenapparietos producing the cleanlng
water and a cleaning apparatus. 20 BACKGROUND ART Heretofore, the
wet cleaning process called the RCA cleaning process has been mainly
conducted for cleaning substrates used as members of electronic

A cleaning process isa cleaning 25 process using a
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peroxide eated at a mixe Iqu| monia an

gadrcaatianiss eldbenof Wﬂf@geﬁzp%ﬁﬁﬂi@ﬂﬁ@ Kby heasa@ddhg the cleamng

water and a cleaning apparatus. More particularly, the present

T

invention relates 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 pump, can reuse water and the specific gas
in the gas-containing cleaning water after being used and can be
advantageously applied to cleaning electronic members requiring a great
degree of cleanliness such as silicon wafers for semiconductors 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 liguid of sulfuric acid and an agueous solution of

hydrogen peroxide (SPM) heated at 120 to 150°C, a mixed liquid of
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60 to 80C or a mixed liquid of hydrochloric acid and an aqueous solution
of hydrogen peroxide (HPM) heated at 60 to 80C. To overcome the
problems arising on application of this process such as the great cost of 5
the chemicals and the cleaning agents in great concentrations, the cost of
a great amount of pure water and ultrapure water used for removing the
chemicals and the cleaning agents by rinsing, the cost of the air

anSRRAItORING g n@%ﬂ%w YaReIf trensheniedlsansdesiiyEnniungd at

the clean air and the load on the environment such as the use of water in
601t Bgreavamaniveditjgesdl of bhdnidalsric gradt ambants guebdiscodngen
of waste gases, varioys aﬁtﬁ\mpts to simpli{& the process have been
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water con specific'gas such as hydrogen. 15 It'is
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a great concentration. For maintaining the great cleaning effect with

a grabiligmicishedassaeywiadegonsdnulitiaprottveadssolet] igasrampoving the
controjled at a value which is great but does not exceed the concentration
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a value not exceeding thé concentration of saturation since the
thundesitatilepobsiditydidas thehdissnlited ingdiogenhfammhbdubbled ander in
remains in the system under the atmospheric pressure increases when
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and many achievements have been obtained. A typical example of the
achievements is the ultrasonic cleaning technology using cleaning water
containing a dissolved specific gas such as hydrogen.

It is the essence of the new cleaning technology 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 use. It is
preferable from the standpoint of safety that the concentration of the
dissolved gas is kept at a value not exceeding the concentration of
saturation since the undesirable possibility that the dissolved hydrogen
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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water or ultrapure water used as the material water is removed by a
degassing treatment, the gas desired to be dissolved is supplied in an
amount smaller than the amount to provide the concentration of
saturation and dissolved in the material water, has been developed by the
5 present inventors. The usefulness of the above technology has been
recognized, and the technology has been widely used as the novel
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treatment of articles for the treatment such as substrates for

deg@rybonduetaraang glasssadbdtaiasifan e liduidotvestaldispipliddvicean
to which extremely clean surface is required and electronic members to

amyhis tsaedlapictBRbhyidie caBsieetourRiayiae tHdrooranesmberitone of
iS required, rocess for the wet treatment of articles for the treatment in
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e en with Ultrapure wa
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small amount of a rare gas under irradiation with ultrasonic wave of 20

rekbimoregreated, whereiadimeolitezp uresvitsruseddedythesethterial thatendsel
water degassed in a manner such that the content of dissolved gasses
t@‘éﬂ%’é’ll(fﬁ&rf‘%ﬁé}}%l’@@éa"é%%%ost 10 ppm or smaller, has been proposed

(Pat%r%%ﬁﬁ?é}%z éég Vé&% g%&?&&‘@@?@fﬁ Wt ?%&%Mgﬁt“éﬁ;%%ﬁ@e‘ﬁ%%f the

containing hy can supply the ultrapure water for cleaning

trEMAIRAINGulY HOgeM i0r iR 4 SerPQim Mnbihdiet siable: ofleeptrlimeftrefor
dissolved hydrogen under fluctuation of the amount of the use and does

liqwirldispetsd disteutiapore Wm@hiﬁbaw@mayslmie;a_m wfe&gt@wa@ired
oS ARREELLS S Surphing apure el onvaming donen i
at%ﬁ@%&ﬂv%‘?ﬁperamre is required, a process for the wet treatment of
articles for the treatment in which the article for the treatment is treated
with ultrapure water containing hydrogen or ultrapure water containing
hydrogen and a very small amount of a rare gas under irradiation with
ultrasonic wave of 20 kHz or greater, wherein the ultrapure water used as
the material water 1s 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 ultrapure 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 containming hydrogen which comprises a

water tank of the closed type for holding a mixture of ultrapure water
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3 containing hydrogen left remaining without being used in the use point
and ultrapure water supplied as the supplement, a pump for transferring
water held in the water tank, a degassing portion for removing dissolved
gases in the transferred water, a dissolving portion for dissolving 5
hydrogen supplied from a portion for supplying hydrogen into the
degassed water and a recycling pipe for recycling water to the water tank
cofiPuBlier ADALINR NS ROINL AT SupRias viiraprc WAlcr SONANIG, 1 oing
ydrogen Irf an @mount necessary at the use poin ile the ultrapure
an¥elAtCQNIANNRaRY UQEsRdE GiEckialed i 1 eiaD Afirleaping eleGiEgniging
10 materials using ultrapure water containing hydrogen, is proposed
wiketdmlRitetbaceatpr tacorldage seithetiorihondpracassvanydissintyed
the ahove . apparatus, the gas-containing cleaning water, in which )
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accordance with the above process or by using the ve apparatus, the

desiepselidegassugder rempoling fliparajoramelinkof thedissteed gas tank
from pure water or ultrapure water used as the material water is .
Vithdispéiesaprd bl HssuRSBIE N HHEPLIOF JHéraRsR Watpregentaining

b S&Ch as a vacuum 20 pump is neces‘rsa%lﬁ/. In the cle ning.?te%{n which a
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being used (waste water of cleaning) be recycled and reused. A recycling
mayseteatscanibe obinsipuctesyhye?Soemvimgcopdangnanis priy@veak{@®atent
ngfg;gg}gé %Be.aning and adjusting the

In accordance with the above process or by using the above
apparatus, the gas-containing cleaning water in which a specific gas is
dissolved in an amount which is great but does not exceed the
concentration of saturation can be efficiently produced. However, in
accordance with the above process or by using the above apparatus, the
step of degassing 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 decreasing the pressure such as a vacuum
pump is hecessary,

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 recycled 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
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concentration of the dissolved gas. In accordance with a conventional 4

process, the degassing treatment is conducted after the waste water of

cleaning is cleaned, and the specific gas is dissolved again. In particular,

in the case of the system in which cleaning water containing dissolved

hydrogen which exhibits a great cleaning effect is recycled, a considerable

5 amount of hydrogen remains dissolved in.the water although hydrogen
miffodeplaged i dus, arguring e cleaning,sien e AMOUOlater of

ydrogen Is decreased. For removing the remaining hydrogen, the

cleonsidebleaae@Uah Ofthudspaei st be disshigeddhiaudi@particular,
mechanism for decreasing the pressure such as a vacuum pump, and this

in1thpreesdt thaisysteprablenhochtidesatong Whberbemnt alasingddizsolved

ove problem is oyercome so that the clegping using the gas-contajnin
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Reference 21 Japanese Patent Application Laid-Open No. Heiseli
red 3SR 2ZhDISEL QELHRE Ce TEEaMNVENIUEN dind plesesinount of
invention has an object of providing a process for 20 producing a
hygaegumtamidg@raiffy water weike s pidHuceem jadneb itahiagen. the

RS RS iayino adeglad concentiation o the ggs, sately wibout
using a mechanism for decr asm% € pressure such as a“vacuum pump,

mESRASISE WAIBEERAINSSHECHFE88:8 R HASCONRINNE RN NAI®hs
after being used and can be advantageously applied to 25 cleaning

pretechoricavsetharpreblaringa theasalegyee ot Hearttiemsslsanted that the
above problem is overcome so that the cleaning using the gas-containing
cleaning water in which a specific gas is dissolved is more effectively
utilized.

[Patent Reference 1] Japanese Patent No. 3521393

[Patent Reference 2] Japanese Patent Application Laid-Open No.

Heisei 11(1999)-77021

DISCLOSURE OF THE INVENTION

The present invention has an object of providing 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 pump, can reuse water and the specific gas in the gas-containing
cleaning water after being used and can be advantageously applied to
cleaning electronic members requiring a great degree of cleanliness such

as silicon wafers for semiconductors and glass substrates for flat panel
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as silicon wafers for semiconductors and glass substrates for flat panel 5
displays, an apparatus for producing the cleaning water and a cleaning
apparatus. As the result of intensive studies by the present inventors to
achieve the above object, it was found that a gas-containing cleaning 5
water containing a specific gas in a concentration which is great but does
not exceed the concentration of saturation could be prepared without
. Using a mechanism for decreasing the, pressure such V. u
e e IS AT B R
apP%eaeding the atmospheric pressure to prepare a gas-containing water 10
containing the specific gas in combination with other gases present in the
matehial thaterémdcaricenteatidvee daddasg the theceressidn wiventors to

aturation, followed by removing the portion of the dissolved, gases .
acBiBciG MRodSnEBFitch ST LattR 4Rt iR e Bl e gHne
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ased on the knowledge. The present invention provides: (1) A process
noforeie@dcitifea @as-cotiaiivng cfeaningavatar vhith eoniaismacspecifihout
gas dissolved in water, which process comprises dissolving the specific
usipg miahanismadonfinerasiag Shesours Pore e eduing ArvamnBapisHED

ressure.to prepare a.gas-contajning water having a conceptration of the
by S5E9RERNg SRS dFARe A dndaR L B S SREr i heird S e
extReRifeMAdng@deapionf fie disselved SRS M ISCHRASIIA RS S Rlter

the gas-containing water; (2) The process for producing a gas-containing
conlednimg Wadespiasticheds in combination with other gases present in the

material water in a concentration exceeding the concentration of
saturation, followed by removing the portion of the dissolved gases
exceeding the concentration of saturation by decreasing the pressure on
the gas-containing water. The present invention has been completed
based on the knowledge.
The present invention provides:

(I) 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;

(2) 'The process for producing a gas-containing cleaning water described
in (1), wherein the pressure on the gas-containing water is decreased to a

pressure close to the atmospheric pressure;
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25 in (1), wherein the pressure on the gas-containing water is decreased
to a pressure close to the atmospheric pressure; 6 (3) The process for
producing a gas-containing cleaning water described in (2), wherein the
gas-containing water is passed through a gas permeation membrane
module, and a gaseous phase portion of the gas permeation membrane
module is connected to the atmosphere so that the 5 pressure on the

(3927148 'E?léy) o V?@f%ﬂ%&f&?f‘gaﬁegat&&ﬁ’éﬁﬁ%% URG IR AN QSRR HES

pressure; (4) The process for producing a gas-containing cleaning water
ind€giribeHein i), tbergir-aonepaiaiign wh tissolyingsise pebifugas intazas
water under an increased pressure to prepare a gas-containing water
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an atmospherig pressure and an operatjon of removjng a portion of.th
PeRTRSRISN GRETBY I T e saacien S dB At that the
pricRaaiedly srpduGied Rk IR RRGe?PSIEonPEPEREINOI 3251RRBIAIN IBDse to
cleaning water described 15 in (1), wherein the water into which the
thepecfisghsisqisestrad:under an increased pressure is a gas-containing
cleaning water after being used; (6) The process fqr producin

(4 ad s rRaRaRTS IREMFRANGIRE deBRAlsoatALEREHRITARR BrideE deseribad

_ . ; . ’ e _ T
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ng a gas-containing cleani In any

aroN@fdddda (Phevbereinthesppsilic gassisdysregptingndikgabaving a
removed under a decreased pressure is treated by an apparatus for

coreenimgtiovasd gde: gas exceeding solubility of the gas under an

~ atmospheric pressure and an operation of removing a portion of the

dissolved gas by decreasing pressure on the gas-containing water are
repeatedly conducted;

(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 being used;

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

(7) The process for producing a gas-containing cleaning water described
in any one of (1) to (6), 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
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(8) An apparatus for producing a gas-containing cleaning water which 25
contains a specific gas dissolved in water, which apparatus comprises an
apparatus for dissolving a gas in which the specific gas is dissolved into 7
water under an increased pressure exceeding an atmospheric pressure
and an apparatus for removing a portion of a gas in which a portion of the
dissolved gas is removed by decreasing pressure on a gas-containing

wal\%@lte{l I%?tjhd TR 426 ARNALRIS IUHiRsANRh & %ﬁf@%ﬁ@?ﬁsﬁ%%ure

ower than e pressure under which the gas has been dissolved; (9) A
andeanighappaustis- whishvdem prisesalefining snackhahsingpation of the
_gas-containing cleaning water which contains a specific gas dissolved in
dispatepdagpagpaemeyest BisdeRiPRPENGRIREFINEIPhE SpenEgagRg water

Issolyed intq.a gas-containi eaning water discharged from the
oSG R Re BREF B ot ST R B LSS et than

thEX¥R8diNg @ﬂ@ﬁ\%ﬁ’&%ﬁ@?ﬁ%@%ﬁ%@é@l@é&@f removing a portion
of a gas in which a portion of the dissolved gas is removed by decreasing

(Opresstimoma gapaorzninhivaterobaiesddromahingpprashindonsing a
dissolving a gas to .a pressure lower than the pressuretjmder Wrﬁé(:h the

SAGLOREA B LS ANLREIEAINY B FRPTe B astReRtaniRgcishged 1o
ter Ic gas:c ining clear| t ich s, dj e :
e o o s o o S et oo s
dispAcHit gasglissoppddmmmuaienis simplipdiowhewlediinymaehingpandihe
(10) The cleaning apparatus described in (9), wherein the gas-containing
clenoeaniaghiaccafiendbeingivehdryad srornthRcsrRatsA P reaEHISeoRopding

SRR CBIR e, n AppaRdIta B TARITEAL S PO S HOL8E in
which a portion of the dissolved gas is removed by decreasing pressure on
a gas-containing water obtained from 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 clearing 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: and

(10) The cleaning apparatus described in (9}, wherein the gas-containing
cleaning water which is discharged from the cleaning machine after being
used is circulated through a heat exchanger and an apparatus for
removing contaminants. |

As the preferable embodiments, the present invention provides:

(11) The apparatus for producing a gas-containing cleaning water
described in (8), wherein the apparatus for removing a portion of a

dissolved gas is an apparatus in which the pressure on the gas-containing
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As the preferable embodiments, the present invention provides: (il) The
apparatus for producing a gas-containing cleaning water 25 described in
(8), wherein the apparatus for removing a portion of a dissolved gas is an
apparatus in which the pressure on the gas-containing 8 water is
decreased to a pressure close to the atmospheric pressure; (12) The
apparatus for producing a gas-containing cleaning water described in

il ReISIn 0 APRYRS DAV HSRICSEME NI Sssauaining

water is decrease pressure close to the atm eric 5 pressure is a
(1grs PEReagparaembrane pRodulsbroughawhichtikie g as-ceawiningwater

water is passed, and a gaseous phase portion of the gas permeation
deagsihbrade fiddulw hetonnsbedrparaaimasphdreh et neesppes adts the
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manner such that the apparatus for dissolving a gas and the apparatus

gaforoamoming apodionsopasgdissolved gagarecasapyask gltetnetelyf (hé) gas
The apparatus for producing a gas-containing cleaning water 15

PegERAihen membrme isesonpesiefintp fibe adEembarey a
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olving %p as, ang P I proaucing a gaS-COI’lt ning
deGl8dRID WAtEs) dagarberhing14)uniligh compises T ararapisaieitus for

removing 20 contaminants in the gas-containing cleaning water. BRIEF

dipeBOR RTeN DE THE DRAWING &1 removing a portion of a dissolved
gas are arranged in a manner such that the apparatus for dissolving a gas
and the apparatus for removing a portion of a dissolved gas are arranged
alternately;

(14) ‘The apparatus for producing a gas-containing cleaning water
described in (8), which comprises a recycling pipe for recycling a
gas-containing cleaning water after being used to the apparatus for
dissolving a gas; and

(15) The apparatus for producing a gas-containing cleaning water

described in (14), which comprises an apparatus for removing

contaminants in the gas-containing cleaning water.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 shows a flow diagram exhibiting an embodiment of the
process of the present invention and an embodiment of the apparatus of
the present invention. Figure 2 shows a flow diagram exhibiting another

embodiment of the process of the present invention and another
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Figure 1 shows a flow diagram exhibiting an embodiment of the process
of the present invention and an embodiment of the apparatus of 25 the
present invention. Figure 2 shows a flow diagram exhibiting another
embodiment of the process of the present invention and another 9
embodiment of the apparatus of the present invention. Figure 3 shows a
flow diagram exhibiting still another embodiment of the process of the

S AU 3&8&%3@%@%8 é?%eiﬂx%{ﬂﬁrﬁppﬁ%[ﬁ%@ Nows a

present invention. Figure 4 shows a flow diagram exhibiting a test 5

flap Pdikatvs i sedhih inipxatiledocine Rigusediheneass e apparaitisofothe
dissolving a gas, 2 means an apggaratus for removing a portion of a gas, 3

prafrepisianeaperatlfetdlssprthgmapbodimeatscthpppatrates of the
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pressure regulator, 11 means a pump for transfer under a pressure, 12
dissehriag heatse X harger, a8 appanatan dirafitradiomgnepbreioa of a gas, 3
apparatus, 14 means an apparatus for dissolving a gas, 15 means an

m%ﬁar%s%p%wn&a &aﬁﬁelm_%_ §a82%6 ﬁne’é’ﬁ’é‘%ﬁé‘ﬁp&%ﬂ%ﬁ’ék‘%ﬁr
re%eoa\l}i%% gﬁ@%%%ﬁ%%é%g%g%”%@ﬁ@'ﬁ% fgégr#g%'co%%"ﬁﬁgoﬂ% '%Q%ans, 6

water, eansap means a means a tank’for

mAIHYHAYRiRE ik MeaRsoeRitarforaissdyed ylrogeradd Meiihing
first gas permeation membrane module, 23 means a valve, 24 means a

marddedlol vorrsler, 128yekagsmreylifdereafitsy drogeier2tamkean§ apgins a
pressure gal.lge, 27 means a mass flow ans a second

ontroller, 28 m
PIESEUTR REHI I drhORE R BRI (o kAt FOAeT &, PEedRe, 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 a gas-containing cleaning
water, 18 means a pH 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, 25 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
membrane 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 TO CARRY OUT THE

10
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membrane 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. 25 THE
MOST PREFERRED EMBODIMENT TO CARRY OUT THE 10
INVENTION The process for producing a gas-containing cleaning water
of the present invention is a process for producing a gas-containing

INCERNIMaOMater which process contains a specific gas dissolved in water,
which 5 comprises dissolving the specific gas into water under an
increibediprsssaréogxpredivgBciagnasehdaipnessipanangrepateraof the

as-containing . water having a concentratian of the gas exceed
g b N

in :
S FTRE G AnbEPSRE vl AN B <R R SR ARG ISR
waBPHANA! Prodissalyad:gas Y desiRasIBANAIREBIRNE N fter, which
gas-containing water. In 10 the process of the present invention, it is
copipiesablalibadlaipgrtitheofihecifiissghedigas iwaterovaitiby dacraasirgsed
the pressure on the gas-containing water to a g?ressure close to the

Praffisih REMeHiBERe SIBRIPIAEQPBEPENEOfR PISIAEME ssas containing
wS Seniaining cleaning.yater of (e, presenl dnvention (s, AN ARPRINS o1,
producmg gas-containing cleaning water wnicir contains a Specitic
RS disROIed dRpRiEE WRIGKARPAALISIHRM PSS AP RABEEHRT of the
dissolving a gas in which the specific gas is dissolved into water under an
difrolyadeghprogsinerexsegiiy thee stmresphdhic gressondaindgregnwater. In
apparatus fqr removing a portion.of a gas in ich a portion of the
thgiguokRss @ﬁé rBRis68Y Byvagé%aasﬁgl%r@rs gEable Bapg paportion of the

i SESTARIR Y WALST QPG AN e RPN IR HSIRIVIAY Bontaining

water to a pressure close to the atmospheric pressure so that.

The apparatus for producing a gas-containing cleaning water of the
present invention is 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 1s
dissolved into water under 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 1s 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 gas has been
dissolved. In the apparatus of the present invention, it is preferable that
the apparatus for removing a portion of a dissolved gas i1s an apparatus in
which the pressure on the gas-containing water is decreased to a pressure
close to the atmospheric pressure.

In the present invention, when a portion of the dissolved gas is
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gas to a pressure lower than the pressure under which the gas 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-containing water is decreased to a
pressure 25 close to the atmospheric pressure. In the present invention,
when a portion of the dissolved gas is 11 removed by decreasing the

repiessdr&ondbe gaseovanipg-waies s thiefgriedbatiiaincaaseds is
pressure on the gas-containing water is decreased to a pressure which is

prefestie Beadr thesdnordasedmpepisarie prestiesuchond i piegswiatar is

the range of 2.0% of the atmpspheric 5 pressure. When the pressure on .
A AR RIS ERCY WAER R ABE G Afb e STl thamimosp heric

pralbaspNalis PAESsUSSdisiRe A NembaNSRIQHue o 8, Sida Rt t%ﬂ@%@g&ﬁc

phase of the membrane module is connected to the atmosphere. In
preasersomd lime ihagquiredrbefarehih e eguiibtivmiis: achieves hetvaesd to
the aqueous phase and the gaseous phase, and the 10 pressure is

2 BERESIHRaMP e bR ABORP T KRR TS (ranemebrane module,
residen ime of waters. short due to the capacity of the apparatus
R P A E el SRR L S B EERE W Buech OB g e

S@OUSS Se 18
€ pressure IS decrease Yy eous

atRiDEShiedisthaleingdbe, Waste aasdivBlantrdieRIBRS IR IBJNRBIRIRG is
for discharging the waste gas is occasionally lower than the atmospheric

achieyesbSirtwesgortieedegremua hissasendcddisiogatiyotise phiessureraf the
them]gas.eous phase hecomes lower than the atmospheric pressure to

PYETE CegPEEA SHPTE B SSArSRRERSM thERp BAraRER ReT Hisdsomy e Fhen
th%‘rgggi&hiiéeh%beﬁﬂﬁcﬁﬁev%ﬁe&s Hissolved iy ey Wiiehan JPHSR e S aratus.
When the pressure is decreased by connecting the gaseous phase to a
piping for discharging the waste gas in a plant, the pressure in the piping
for discharging the waste gés 1s occasionally lower than the atmospheric
pressure to some degree. In this case, occasionally, the pressure of the
gaseous phase becomes lower than the atmospheric pressure to some
degree.

In the present invention, the apparatus for dissolving a gas in
which the specific gas is dissolved into water under an increased pressure
exceeding the atmospheric pressure is not particularly limited.
Examples of the apparatus include gas permeation membrane modules
and apparatuses in which the gas and water are directly brought into
contact with each other such as ejectors and pumps exhibiting a great
function of dissolving a gas. When an apparatus for dissolving a gas in

which the gas and water are directly brought into contact with each other

such as an ejector and a pump is used, it is preferable that a gas-liquid
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20 exceeding the atmospheric pressure is not particularly limited.
Examples of the apparatus include gas permeation membrane modules
and apparatuses in which the gas and water are directly brought into
contact with each other such as ejectors and pumps exhibiting a great
function of dissolving a gas. When an apparatus for dissolving a gas in 25
which the gas and water are directly brought into contact with each other

se?%%gt%% e ﬁiﬁéﬁ%@ﬁ”&t%ﬂb‘[ﬁ%?n‘é%@aﬁﬁ.i5 Rref%{eétéﬁ%égeaﬁtai%%ﬂ&ﬁh the

separator | ISpOSGd at the downstream. [n resent inventio e

aARRARIYSHR! remeving APl afas FrwhishwiaeHien pbt®n of the
_dissolved gas is removed by decreasing the pressure to a pressure lower
digsalvirk gressurernnded wiicleeneaganhibd ganstigsellediprasssire lower

particularly limited. Examples of the apparatus, include gas, permeation
thit nef&%fqﬁ%s%@aagm%a BB AT SRR R b mot
paagtame g anemhgdinesnt ﬂ’iéh&{;ﬁé&%@ﬁ% oh e SR AIKEANIABn
and an embodiment of the apparatus of the present invention. The

meapfiatabesnoddudosresdntdeventioh egmapiisas. 10 an apparatus for
dissolving a gas 1 in which the specific gas is dissolved into water under

an inEigagedlprdstite o flEE cHaSHBLSIABHERE o kedhgent of the

apparatys,for removing a portion of a gas 2 in which rtion of the
D T R oy Hi A AR s Roa BT et o

thWyesebiained Hiosm theraRPapaias il TSl ng & 086 1R AR @3 R ises

lower than the pressure under which the gas has been dissolved. In the
arpegmemtatve fhorditdslprofe rmiglestiaim whsqie the atoniffregawranalissolved
module is used as the apparatus_for removing a portjon of a gas, the

Ingp SRBHAINHRF R ads IRFERIES) BT Sq 66 PREsd R dggepheric

pressure and an apparatus for removing a portion of a gas 2 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 gas has been dissolved.
In the present invention, it is preferable that a gas permeation membrane
module is used as the apparatus for removing a portion of a gas, the
gas-containing water is introduced info 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 aqueous 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
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permeation membrane module, and the pressure on the water containing
20 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 aqueous phase of the

gaQFi@aﬁ?é‘éélchf%%Z%BB’i%%Qqaaaﬂ%ag%%eﬁgﬁ@ﬁiéﬂnﬂ&qﬁﬁﬁgﬂé‘ﬁo e

gaseous phase under a pressure exceeding the atmospheric pressure.
wakhe spechinihy otisisdlissdivall e tflowiigr viatthe gdspappeations for

membrane. The water containing the dissolved gas flowing out of the
diggoheinga Rrsdedsrndeargdstis ﬂ%%@&%ﬂ%@sﬁqe@éﬁ% pRR&EaIMEh or

apparatus for removipgaa ortionr%f a\}\g}gs. Th_g Rresgure igp}@&gas Qus .
TemAdEEs 3 REErEAed'tS a%arse'ssure ower than the press@re Underswiic

dethe a3 has, haerHissatnee: *RLR mrt%%éﬁa@@ gagdissalvediRdhias has

gas-containing water is transferred to the gaseous phase via the gas
bepardisatibrednamtbrangoatid neofdved ghstiddsasherdontabingabhwontaining
atmosphere of the gas at a constant 10 temperature under a constant .

WidssivelRBYRS EBN MUt tRRSHRHDSPRERS isifssbifelfigBptRReation
mg&%ﬁj&ﬂg&c&g&i}gggﬁ g_nd the degree of saturation becomes 1 in this

condition. For example, in water contacting the air at 25C, 8.1 mg/liter of
oxygRy énél k3 Bmedites @inpititgenare ditaalvest ang the degeesistant

saturation becomes 1 in this 15 condition. When water is brought into

tegarapatuith thedstmodpleeRsBINAItBIRISURR affosEfsre SMsgHnng thbe

oA e S G R R
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
condition. When water is brought into contact with the atmosphere of
nitrogen, the atmosphere of oxygen or the atmosphere of hydrogen under
the equilibrium condition after the water is completely degassed to the
condition such that the degree of saturation is 0, 17.6 mg/liter of nitrogen,
40.4 mgfliter of oxygen or 1.6 mg/liter 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 mg/liter of dissolved
nitrogen at 25°C, the water containing the dissolved gases contains
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, and

the degree of saturation in the water containing the dissolved gases
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condition such that the degree of saturation is 0, 17.6 mg/liter of nitrogen,
40.4 mg/liter of oxygen or 1.6 mg/liter of hydrogen, respectively, is 20
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 mg/liter of dissolved
nitrogen at 25C, the water containing the dissolved gases contains

beBHIRBEIN AN REPOYAE COHRSREBARD 184h&, HEArCS AT SAIHIBIAKLOL &N ed

25 hydrogen in an amount corresponding to the degree of saturation of 1,
gaans el dediee &f mate ratisnt irdhwate? éentairinggtivetdisholuethgasheric
14 becomes 2, When the pressure on the water containing the dissolved

PrEsERenAVIRGtNe aégriEosr Bt AoCETio s dirdneerngtngemoved, and
th@t@%?gﬁ Ll %nai%"}%%” &59&‘0&‘?{%9&%%?%0&8&&%%@%%% s

rem egree of saturation In the water containing t

dedizsivéd gaseas is SSleecaseddech Sice Nrpdeizend RYSrogSARI®l by
removed by approximately the same fraction, a water containing the

apgisssivut ¢lasthe contsninecB@uma/tatef siowgéniagdtds dielilepdfgases
hydrogen js obtajped en the degr f satyration In the water, .

coR{RATHRG RESAE S0 BHEEEe L ARerL Ao 1T ieF s ptocd

w3 HReddabe presentnyshian iR nebRar iR RIRd FXermplashies
the specific gas include hydrogen, nitrogen, oxygen, Carbon dioxide and

1s trergassed HAmte tepecific 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
inverklih SREGHEC A% SHE9Er detheabiripend IDTHBEIIES RS apgticularly

ST B R RS, WA SRRHASE Pon,
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-containing cleaning water, and there is no danger of catching fire
caused by static electricity in moving members making rotation or
reciprocal movements. Therefore, the process 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 1s maintained by a valve disposed at the downstream side

of the apparatus for dissolving a gas, the pressure of the apparatus for

removing a portion of a gas is suitably decreased to remove a portion of
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caused by static electricity in moving members making rotation or
reciprocal movements. Therefore, the process of the present invention
can be advantageously applied to production of cleaning water containing
20 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

thgraf?s%bﬁ%@&t tt%ss?%%&am far, Jizsalying:g 988 IS Maivainad DhEYAI¥E no

disposed at the downstream side 25 of the apparatus for dissolving a gas,

bulbisleressuréof therepperatiador tiesnoléng mporiastiha. gaWikatitdhly gas
decreased to remove a portion of 15 the dissolved gas, and the )
pegmsatnmimabraningadeds doritaingsnbhe masatas denmiseivéag a
into the cleaning machine. When thée as ge{]mﬁgfion med[’nbrane module d
82 ety gg%ﬁ@%%ﬁﬁf’%sﬁ% %ﬁsggﬂnﬁg angas,“f € 8%13%%)&5“%9 Waters®
prEQRRIN BRRURRIRS, URKer Al iNCragsetve Rreasyie avesunbenie festisthe
dissolved in an amount such that the degree of saturation exceeds 1. In
dethisecasde sahem thmpressiedsis] dedreasktt incaseortioneaftéhthepvedsare 1s
disposed at the downstream side of the apparatus for dissolving a gas

degrrandidrsaparstinthid e heetrIum WRSEF Gk« LB tre side of
thgfggg%%%“ﬁ%ksaigéémg s?eg%ff%%a%gag%ggl afaidt SHRISe used

Ss, another gas permeéatio m can be used as the

sigRPARRiUSienaMadetiaRottencehasgiasatids peteraligtibatiindbarated
second gas permeation membrane module, the connection to the

asghsbblesphate porisipiefonrenesn, aanatirer dash HexmEndigasase brane
e portjon can be o;gke%] to the atmgsphere. When a 15 gas-cfontainin
on o

AR e S i N PR RO B EREL BchfaLTOR O & gas. - 1t

is preferable 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 portion can be open to the atmosphere. When a
gas-containing cleaning water which is kept at a concentration exceeding
the concentration of saturation to 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 the pressure of the gaseous phase is adjusted at a
pressure slightly lower 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
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the concentration of saturation to 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
20 can be accelerated by connecting the piping at the connecting point of
the gaseous phase of the second gas permeation membrane module to a

o RDGLL01,8 VSIS 25 10 Lplan 1 A0 AR HOL WIEH 18 AR A e
that IS

ecreaseq- pressure € pressure of the gaseous phase

sidivsted al Jeasre sl biyHawerdhan thenrdl RS RhRYiEIRESIf: water
When the gas 25 permeation membrane module is used for both of the

haappardtepfoscdibsd\pingsauyasofirwiates appabatticaiosfeencol ot hepdaionng
of a gas, itis 16 not necessary that the pressure of water is decreased at

m3cBigSwnstream side of the apparatus for dissolving a gas, and the

gza;fflgﬁﬁg‘g“@%g&%%f%‘é%H%%H%ﬁ%ﬁ%ﬁ[eﬁﬁy%QM%BV SBBiBS Iving

the cleaning ‘'machine. 5 In the process of the present
thin\gniihc thaonakationmeédissalvingiihinepesiicigpsdatamwater podpian a
increased pressure to prepare a gas-containing water having a _
gagumadAtmaieh mﬁ@rgaﬁ)saé&@@eoﬁngcw%tmt&nhééaﬁhﬂqd@%nexceedmg

s o L e P A R R PO R A g of
reMaViRe tepsataloTandugieshilbe g@@%@@@@ém@ngrﬁm&&ma% the

may be an apparatus comprising a plurality of pairs of the apparatus for
gadissalidng agyes sndnixy deperptasddiyemovingeal. poiimagfpadisselvédhe
gas arranged in a manner such that the apparatus for dissolving a gas

DTEFRPhEBREIGRUET RTHVIAGRAPSHB PP Ising a plurality of pairs of

the apparatus for dissolving a gas and the apparatus for removing a
portion of a dissolved gas arranged in a manner such that the apparatus
for dissolving a gas and the apparatus for removing a portion of a
dissolved gas are arranged alternately. Figure 2 shows a flow diagram
exhibiting another embodiment of the process of the present invention and
another embodiment of the apparatus of the present invention. In the
present embodiment, an apparatus for dissolving a gas 3, an apparatus for
removing a portion of a gas 4, another apparatus for dissolving a gas 5
and another apparatus for removing a portion of a gas 6 are arranged in
this order, and the aqueous phases of the apparatuses are connected in
series. The material water is introduced into the aqueous phase 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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15 dissolved gas are arranged alternately. Figure 2 shows a flow diagram
exhibiting another embodiment of the process of the present invention and
another embodiment of the apparatus of the present invention. In the
present embodiment, an apparatus for dissolving a gas 3, an apparatus
for removing a portion of a gas 4, another apparatus for dissolving a gas
5 20 and another apparatus for removing a portion of a gas 6 are

T e

terial water Is Intro € aqueous

a poaserobihdefisakalipssniug for dissehwngacaasidg anskthe spestidaasdsto
introduced into the gaseous phase under an increased pressure

the)greding pha oS anmhyspherislpreEbargamenaisailing Wadandteringeout of

RS IR L P B e

aqRRRD PhaRasH BRI IRP L NR 098 AIFSOeR i A€ gas 5, and the

gas-containing water is transferred to the gaseous phase and removed.
spétifigagasonsaimti@duated fiovinglowt gd stefirsilappanatids: foare noutngsad

portion of a gas is introduced into the 5 aqueous phase of the second
PrapyaraeEser dRgoNingrigasrharie essperitngadissmiredubd intater.

THES 2&%8%%382?&5 “wng%dnar}fé‘%%%f.egmpr%f%‘ﬁfé%%%%‘&‘gatgfnaram for
atmdsphieric pressure and dissolved into water. The gas-containing water

difloyrng o4t 84 dhg seaend aRRaAIFIUS I Hiasel\ipgiR rRedn deaiathtus for
agueous phase of the second apparatus for 10 removing a portion of a

regesvi@rd popurtionbatigagss disdoveditite ofdbearaidisgobadrig the
transferred to the gaseous phas%(gnd removed. In the present inventiqn,

BAHEUPABHIEBACH O & GRECHIE Yadar tRS BHAHTERIGRE B A Rter
can hg 'ﬂ%‘?ﬁ%%grﬂyiﬁ%%%m, & WY ation of the specific gas in the

obtained gas-containing water can be increased by repeating the operation
of dissolving the gas into water under an increased pressure to obtain a
gas-containing water in a concentration exceeding the concentration of
saturation under the atmospheric pressure and the operation 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 water in which 17.6 mg/liter of nitrogen is
dissolved at 25°C in the first apparatus for dissolving a gas under an
increased pressure, nitrogen in an amount corresponding to the degree of
saturation of 1 and hyvdrogen in an amount corresponding to the degree of
saturation of 1 are dissolved in the gas-containing 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 is

decreased to the atmospheric pressure in the first apparatus for removing
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of dissolving the gas into water under an increased pressure to obtain a
15 gas-containing water in a concentration exceeding the concentration of
saturation under the atmospheric pressure and the operation 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 water in which 17.6 mg/liter of nitrogen is 20

dissolved at 25C in the first apparatus for dissplvin as u ?}er an .
o R Bt ATOREN B Ly oprgine g e, 8F°

re SAVERLIORR] kROCIBYEEIER MR AMeHNEEOFRSRRRADE (R IR Hagree:Ofs
saturation of 1 are dissolved in the gas-containing water, and the degree

deofsasadation il the Bircontaitingevatenisbcdrndsogewhanethegrussde by
25 on the %[as-containing water having the degree of saturation of 2 is

ADRSCRILIE S TS ARTBEpREAE PR PR F AR TR SIS R PG
g ARRRNA8.095:%00500 li00p Apd.A RATION Al Ddpgen are

gree of saturation o gas-containing water is
decre¥ihed 04 .nbifiecnitO e pocbRyssogen epedidimewedibyissolved into
approximately the same fraction, a gas-containing water containing 8.8 5
thmgﬂﬁmﬂiwmﬁvgw&ﬁd‘m@Jﬁéﬂéﬂiﬁﬁi‘r@é@ﬁt@m.0\,5%5/1]!?61@
/liter of hydrogen as the specific gas is dissolved inio the .
of G GaEHhn S W RSP o B4 SHMIE: QP FIFAGER A BB lgMmg: e
ud B oae e AUsaqlYEdBJRS SREAILANRALMUSIBLAIBSMBEB 1B 4 slehe
an increased pressure, nitrogen in an amount corresponding to the 10
degegecefof satrnsivonodf 0.5 and hydiogemiiaramount corespepdinditg to
the degree of saturation of 1.5 are dissolved._in the gas-containing water,

thgréegre e efreat BT aianatlon i e giiselivdithihrgariensmagng watesr,

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 is decreased to the atmospheric pressure in the second
apparatus for removing a portion of a gas, a portion of nitrogen and a
portion of hydrogen are 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
containing 4.4 mg/liter 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 mgfliter (the degree of
saturation: 0.75) from water having a concentration of dissclved hydrogen
of 0 mg/liter is the amount corresponding to the degree of saturation of 2.

When the dissolution under an increased pressure and the removal of the
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When the pressure on the gas-containing water having the degree of
saturation of 2 is decreased to the atmospheric pressure in the second 15
apparatus for removing a portion of a gas, a portion of nitrogen and a
portion of hydrogen are 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

containing 4.4 mg/liter of nitrogen gas and 1.2 mg/liter of hydrogen is, 20
AN BFGR %a&féeof:ﬂjﬂﬁf‘? odo %rﬁ%‘?ﬁ?%’r?éla?ﬁguﬁ?ggﬁ%%g% a
: ired for i -hydrogen- inj i r [
o o b o e DR kree of
sagatamban.d@.73) fromeeteakavifie a dendenirgtiohof Hishalyed-bydtagemg

25 of 0 mg/liter is the amount corresponding to the degree of saturation of
cleanige Wie Wi dubTiaen unerIeR iseria calpréissolassh drdragsroval of -2

t 19 amount exceeding the concenirati f saturation are conducted in
m%}?leg;l%%l e gfgopr’eﬁyg%g% AL %ugﬁ] ? br % (Mﬁa as r%ﬂe 1:gauge

of 0, I greater
olint ¢orrespondingio the dagree o

prealation of s nscessansdennbaininddhea hydrHeoeaeentalMadprocess of

cleaning water having a concentration of dissolved hydrogen of 1.2 5
repegliiter obloretves, & prdssnte gl MRaar theasrasthenyhdbe pressure
pressure is necessary for pressing the gas into the water. The process, of

of ¢ B8 ER REERITALYs Ky ANEYESE it R adRE o SRESHY TREPReurthe

.0f t taini desired i ¢ .
o S SR R Reppoation

0]
a itional gas permeatio
mEEhaahenadalde is RrRe8ssary. In ineak convetiandipretessesites for

dissolving a gas, the gas desired to be dissolved is passed through the

digfdving a gas, the gas desired to be dissolved is passed through the side
of the gaseous phase in the gas permeation membrane module so that the
gas already dissolved in the aqueous phase is replaced with the desired
gas. However, in accordance with the above conventional process, the
sufficiently great efficiency is not obtained in the replacement. Ior
example, when a hydrogen-containing cleaning water is produced, it is
difficult that a concentration of the dissolved hydrogen of 1 mg/liter or
greater is obtained even when hydrogen in an amount 5 times the amount
of saturation {(an amount corresponding to the degree of saturation of 5) is
passed.

In the process for producing a gas-containing cleaning water of the
present invention, a gas-containing cleaning water after being used can be
used as the water for dissolving the specific gas under an increased
pressure. When the gas-containing cleaning water after being used is

used as the water for dissclving the specific gas under an increased

pressure, it is preferable that contaminants contained in the
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of the gaseous phase in the gas permeation membrane module so that
the gas already dissolved in the aqueous phase is replaced with the
desired gas. However, in accordance with the above conventional
process, the 15 sufficiently great efficiency is not obtained in the
replacement. For example, when a hydrogen-containing cleaning water is
produced, it is difficult that a concentration of the dissolved hydrogen of 1

mg/liter or. greafer is obtained even when hydrogen in apn amount 5 time
TR EORRUHY For SATPAEn VA AmBEht EPESsbndiny to (hE dEOPas T 1

an amount corresponding to

proaivalion,obalisRnassedidaiierreaess for RHIBGNG AtdaSvention, a

containing cleaning water of the present invention, a gas-containing
recyedinggpiyatdbaftecpding thedgearchetassdastbeniatewidedisétivibging

the specific gas under an increased pressure. When the gas-containing
usgkaifinthRatdmanal beider uSEIN BB IR BAS Aok %FH%?cavingl%héhe

apy g%tca;gﬁlsggﬁ %ﬁ%‘lﬁ{e%%ﬁ%%@éﬁ%o@[%%@}r@féx&iﬂ%e 1BRle Bk pparatus for

tained in the gas-containing cleaning water are

ref@HeMeto: e apRAkA S el gRESEhainthangaskeamiainingtelcanitigpyatdr
of the present invention, a recycling pipe for recycling the gas-containing

cleadingura@ shhwsbrilgwidingra e shititangs T Hassshimengad imapt

be disposed. In the 5 apparatus of.the present inveniion, it is preferabl
oF 58 PR BF b A S TR A b B B AL O the
apERRIRG Watehls 4isRosed- ikignigsh Shows Ryionedicgramexhibitipg stilng
another embodiment of the process of the present invention and still
wairathéteerbbatimentiaithewaphangtusaahtives jfaésanrtjroledtiorn Arater tank
hydrogen-containing cleaning 10 water after being used in a washing
9 migernseryslisg MdPtPa whtdipipg for supplementing with ultrapure

water, a piping for supplying nitrogen into the space in the upper portion
of the water tank and a pressure regulator 10 for keeping the pressure in
the space of the upper portion of the water tank greater than the
atmospheric 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 ultrafiliration membrane apparatus 13. Dusts derived
from the pump can also be removed by disposing the ultrafiltration
membrane apparatus at this position. Concentrated water is removed
from the ultrafiltration membrane apparatus, and the water in the water
tank is supplemented with ultrapure water 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 water in the amount corresponding to the amount of the
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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 regulator 10 for keeping the pressure in the
space of the upper portion of the water tank greater than the 15
atmospheric 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

refrRRAES ‘Ef% %1%%%E:?é@g:?r:?gé;{?ra@&f&g}%‘f}ﬁ‘&?&&#&&“ﬁ‘%ﬂ@%‘iﬁ{% 08 e

Ine particies mixe € sysie uring the operatio aning are

ul{EATRVAL Y: i BRI QR paeabRRG APHesaliyh A Ba RSB ehives Bl e a
from the pump can also be removed by disposing the ultrafiltration

gamenibrea apilvauparthis pdsiiwterclischangeddivaaretie releaving step
from the ultrafijtration membrane gpparatus, ang the water in the water
AP DR S (DA AP H W e Ao SR O eh BT b
thiNERAMoUntPTAhe LEmRYRIGoRRarAId WRTEL S IAHNS ARAURS BPane
water In the system Is kept constant. The supplementation with ultrapure
apwaterinstheXihwaunhcanpapanding tioihevrhaulnt of tive WRattenovedessary,
concentrated water may be conducted at the piping between the

therametereantehinrRe s ditetnd wadnatagpaapss R BisietiRpact the

BB SR R S D SRR

INg use IScharged to the ou emin

thihgyemavalaf thesnaeniatedyaiernfsom the ultrafiltration membrane
apparatus. When the supplementation with ultrapure water is necessary,

the stippleneenbaiiom meysbewonduEiguat Anthestisaadifosition ofdherane
water tank or the apparatus for dissolvingpa gas or at a desired position in

a%@@%@smgsﬁe%amn r removing contaminants.

suitable apparatus for removing contaminants can be selected in
accordance with the type of contaminants mixed into the system. A
microfiltration membrane (MF) apparatus may be used in place of the
ultrafiltration membrane apparatus. An ultrafiltration membrane
apparatus or a microfiltration membrane apparatus is preferable when
the removal of fine particles is the major object due to the excellent
accuracy of removal of fine particles, excellent cleanliness and easy
handling. As the apparatus for removing contaminants, a column of a
cation exchange resin may be disposed when the gas-containing cleaning
water after being used contains metal ions as the contaminants, a column
of an anion exchange resin may be disposed when the gas-containing
cleaning water after being used contains anions and silica as the
contaminants, and an apparatus for oxidation under irradiation with
ultraviolet light may be disposed when the gas-containing cleaning water

after being used contains TOC as the contaminants. The water from
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10 In the embodiment shown in Figure 3, the ultrafiltration membrane
apparatus is used as the apparatus for removing contaminants. A suitable
apparatus for removing contaminants can be selected in accordance with
the type of contaminants mixed into the system. A microfiltration
membrane (MF) apparatus may be used in place of the 15 ultrafiltration
membrane apparatus. An ultrafiltration membrane apparatus or a

wquﬁmﬁ%ﬂtg&@%@m;{a i ig Arefesable whgnthe temoval of, an

e particles I1s the major object due to the excellent accuracy of removal

apphiineupafislesssokeignkcleaniingssranhgdsygbaningsAdvide under an
~ apparatus for removing contaminants, a column of a 20 cation exchange
ineeemseday presispesedwreding gibacomtmprpbetiaingipesarafter The
eing used contains metal ions as the contaminants, a column of an
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and an apparatus for oxidation under irradiation with 25 ultraviolet light
pomionhef disposad, winehtine gasioantfithegeele aning spatediagieo bhndegree

used contains TOC as the contaminants. The water from 22 which fine
of tiRrasiaRdeReendinhvk Bedismedetrisahinito Anhydpesaisaptaining

ICRRL R A.025 46, and el oaRB dleeolv el ek AP UP AR agon is
pres g the atmosp . I'he ny

re exceedin eric pressu rogen-containing

divaiBravRich thecdgpiee ahaatoraHon axeaeds Jobt e 40 thedissaliiahe

of hydrogen is sent to an apparatus for removing a portion of a gas 15,
hysmdgere pontismoh thelgasioarrespendinpedhecdegtel prefnrbliphat an
e Sl emsd o ohan. hidosep conanng coonayieer,
and hydrogen is brought into reaction with oxygen to form water so that
the danger accompanied with the discharge of hydrogen is prevented.
The removed waste gas is passed through an apparatus for treating the
waste gas 16 so that hydrogen contained in the waste gas is treated and,
then, discharged into the atmosphere or into a duct for the waste gas
disposed in the plant. The hydrogen-containing cleaning water is sent to
the cleaning machine 7 via a piping for the gas-containing cleaning water.
To the piping for the gas-containing cleaning water, a pI 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 concentration of hydrogen in the hydr-ogen-conéaining
cleaning water is monitored.

In the present invention, the specific gas is dissolved into the
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discharged from the apparatus for removing a portion of a gas when the
10 hydrogen-containing cleaning water is produced, it is preferable that an
oxidation catalyst is attached to the piping for discharging the above gas,
and hydrogen is brought into reaction with oxygen to form water so that
the danger accompanied with the discharge of hydrogen is prevented.
The removed waste gas is passed through an apparatus for treating the

15 waste gas 16 so.that hydrogen cpntained in the te gas.is treated .
B R RN AL RATGEH I W0 QR SE7 n Qe 01 R ara i
wifs dshossB t@ﬁ&'ﬂ%s&%&‘@é@&ﬁi@%ﬁ?"i‘é”%&b%ﬁmﬁg is5eMte
to the cleaning'machine 7 via a piping for the gas-containing cleaning
clovaipig heoatiidmipingdfaidbé das-dontdwandicfeartigovathe dephboretarnd8of
is 20 attached, and signals are sent from the pH meter to a_ pump 19

thargleeniagKeres A8diaatak FiwdJhe astshng aednilg wavserhibe

a tank of ammonia water,20, and t H.is adjusted. To the piping for,,th
o R PR e B o

hetachath.angd hedsapsesiraion afhysuoganin e yrEodenataiiRinRgtem

25 cleaning water is monitored. In the present invention, the specific gas
sois issollet ietevtiigoR3 astbenttinipgielcaningivdtee aflenbaig veedr 1s

and the gbtajned cleaning .water containing the djssolved specific gas is
sugRIsRaathgath ta%%r%ﬁathﬁagt?ﬁ%mﬁ&uéﬁd TN eré)émég? nEQO™

te‘ﬂgé?ﬂﬂ?é@tuﬁ%gfté%ﬁ%?gm[ﬂg WaLTHE Sleyalechvien %%1%?&}’&% a0
t ing water

reuse of the 5 clea IS fepeated, It is preferablein the present

tolfveQtigi hatsbiligal exchanger is disposed at a desired position in the

circulating system so that the elevation in the temperature of the cleanin

watefisthe 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 obtained by the
measurement of the concentrations of the chemicals or values
corresponding to the concentrations as shown in Figure 3. The chemicals
may be added to the water added as the supplement under the
proportional control of the amount synchronously with the amount of the
water added as the supplement.

When the apparatus shown in Figure 3 is used, the

hydrogen-containing 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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suppressed. In general, the temperature is adjusted around the room
temperature. The temperature may be adjusted at a temperature of 40 10
to 50C 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,

hvdrogen ghlori d iC ggid ' t
o e o e

andoneunts ehthelehamicalwessrbasentiellathin decoritancanvitie tdeorakuesl
obtained by the measurement of the concentrations of the chemicals or

revdabsbborrespbrdinge thefbosearinivgs 38 shtvnhiduggea gontpning
1che‘micals %O me{.\é be.added to the w teiladded as ilgg 8 Ieri:rlllent nder
ClGRB Mo fShiEn &Y BhtRSBRHES ot &ndRrSRGUSH Wsﬁﬁ ﬁ}le Amount o1 ©
m RGiNAESr @dded &5 thaRURPIRREIMGNED e RRRREHIS ISRO W ITigHres
3 is used, the hydrogen-containing cleaning water is utilized by recycling,
a podtics 2 sutbergrinbat i s efreatdyinotiv areduiycoreepmaditag nong
the amount of the concentrated water removed from the ultrafiltration 24

clepaimg afrieppaFRere ot deieas i RYUPHRSHRITO AR € A8 BT
f the ult t '
affer b%é%r%fsl{ﬁf 193 %rrﬁzgﬂé%ﬁﬁéﬁﬁﬁgﬁggg&%ﬂeﬁ ﬁ?‘oss%qved Illydr_ogen

remar ydrogen rogen-containing cléaning

subRtgk aftgrieiag bsed-whishisaesydectfeain the slasning & pdhigernogas
the water tank, is not removed by degassing but is utilized as a portion of

usaddmpresteaiingfrashiepleperasery dvadetnecamaimi! the discharged

hydrogen can be decreased 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 watér, 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 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 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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cleaning water. Therefore, when the hydrogen-containing cleaning water
after being used has a relatively great concentration of dissolved
hydrogen such as 1 mg/liter or greater and is recycled, the amount of
hydrogen gas 10 used for the cleaning can be decreased, and the amount
of the discharged hydrogen can be decreased to suppress the danger.
The cleaning apparatus of the present invention is a cleaning apparatus

wa‘x’%@kc%Eﬁ%ﬁf&sﬁﬁ&%@%&&g‘?ﬂg%%?5%%%3&%@&%9& BRI ed is

water w contains & specific gas in water, an 15 appatatus

cifealiss®\hehagasinwhichetheh speeific.gad iawlisggivedato for removing
gas-containing cleaning water discharged from the cleaning machine after
cobbimginsedsundey Hieinbrarsdd p aishe oraeertingensiammblpmesttions of

.pressure, t f i i f R hich ti
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pressure lower than the pressure under which the gas has been
apiissatued, fandenpiping faroa gasicentténingsglebnindi syaterd\betvcte thethe

gas-containing cleaning water which is discharged from the apparatus for
cleapisgngraPurbrdta thes artesntank therspiering ddaissehenining

water is supplied to the cleaning m c?ine. In the cleanin aratus.of
o e o T B B R A R SRl e

gaWighwiighds dischrigeg diem Hiecelassiing raaehingmaltendaing ssedhis for
circulated through a heat exchanger and an apparatus for removing

diesritaminantsasn tHBhappadatuobfdirppsissent vvdetidnedcbpogitiona df the
disposing the heat exchanger and the apparatus for rerl%

s
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of these apparatuses may be disposed at an upstream position.

EXAMPLES
The present invention will be described more specifically with
reference to examples in the following. However, the present invention is

not limited to the examples.

Example 1

Using gas permeation membrane modules, preparation of a
hydrogen-containing cleaning water was conducted. Figure 4 shows a
flow diagram exhibiting a test apparatus used. The aqueous phases of
three gas permeation membrane modules [manufactured by CELGARD
Co., Ltd.; LIQUI-CEL:; the 4-inch typel were connected to each other in
series. The gaseous phase of the first gas permeation membrane module

22 was set at the condition such that the gaseous phase could be open to
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apparatus for removing contaminants may be disposed between the
cleaning machine and the water tank for storing the gas-containing
cleaning water after being used or between the water tank for storing the
gas-containing cleaning water after being used and the apparatus for 10
dissolving a gas. The order of disposing the heat exchanger and the
apparatus for removing contaminants is not particularly limited, and any

th8f NEREAPRARWELSMAY1DE BISPOSRH akaR URRIIRATRPORIA cylinder of
EXAMPLES 15 The present invention will be described more specifically

hydithgsef @B Rie sonexantides dorbsoibdioWvinga bfaveied the YAddediFAKE Co.,
inyention is not limited to the examples. Example 1 20 Using gas

Ltgel i snothatembrarerined ne prépdrdrshesen rouiddensenntinnty the

LGeaqing water was conducted, Figuie 4.shows o0 dlagia SN,
BA5%EY a%parat‘us (5ed. The aqitots phases of thrae gas permieation &

su} RIaNE MeguleStheen WasTHFask BYa ek a A BhhfdRode whaldddppEbd to

e 4-inch type] were connected to each other in 25 series. The gaseous
thphasewd gresfirergas permmatidrrarebrand eritiible a22 avadlear avtiteoller
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so that a“prescribed amount o rogen could be supplied to the

vigaseoppliass0A prebstlie ggageint wes sitpased alregpipingifapSto the
supplying hydrogen, and a prescribed amount of hydrogen was supplied

cogeethbratioan ¢ ¥res ptehdhtoAchititbianendetutb o by asplagr ¢lgwessure

controller . .
was removed. Ultrapure water was introduced into the aqueous phase of

the first gas permeation membrane module via a water flow meter 31 at a
flow rate of 10 liters/minute. The concentration of dissolved hydrogen at
the inlet of the second gas permeation membrane module was measured
using a meter for the hydrogen concentration {manufactured by HACH
ULTRA ANALYTICS JAPAN Inc.] 32, and the concentration of dissolved
hydrogen at the outlet of the third gas permeation membrane module was
measured using a meter for the hydrogen concentration [manufactured by
HACH ULTRA ANALYTICS JAPAN Inc.] 33. The pressure in the
aqueous phase of the third gas permeation membrane module was
measured by a pressure gauge 34.

In the first step, hydrogen in an amount of 1.6 mg/liter, i.e., 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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[manufactured by YAMATAKE Co., Ltd.] 27. The gaseous phase of the
third gas permeation membrane module 29 was open to the atmosphere
via a piping 30, and the gas in an amount corresponding to the 10
concentration exceeding the solubility under the atmospheric pressure
was removed. Ultrapure water was introduced into the aqueous phase of
the first gas permeation membrane module via a water flow meter 31 at a

thQu sateobHA dtessiningie: Hhe peneesitadinmaldissolesh 6§ dlogaisaipen

the inlet of the second gas permeation membrane module was measured

to theigitmyespisieg for thethilurapenddssentdatioAenalufrtieed PipHAEHIN
ULTRA ANALYTICS JAPAN Inc.] 32, and the concentratian of dissolve
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HACH ULTRA ANALYTICS JAPAN Inc.] 33. The pressure in the 20
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measured by a pressure gauge 34. In the first steg, hydroagn in an
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module was kept at 0.2 MPa. When 27 the gaseous phase of the first gas
adgengeatiy pmembrane Wintulthwasoopentitativs afmdisshbredsdiidanges at
gas dissalved in the ultrapure water was in equilibriu ith the

thgindebRbReasREmd @TRRAEEHER JREBDEANA Srana it at
o.Héexﬁg?&&dr,gsﬁﬁﬁ@@}%ﬁew%@ﬂs@%w WEWESA MAditer e ch that

concentration of dissolved hydrogen at the outlet of the
the concentration of saturation was achieved under the atmospheric

pressure, the concentration of dissolved hydrogen at the outlet of the third
gas permeation membrane module was 1.017 mg/liter. When the
concentration of dissolved hydrogen at the inlet of the second gas
permeation membrane module was 0.76 mg/liter, and other conditions
were the same as the above, the concentration of dissolved hydrogen at
the outlet of the third gas permeation membrane module was 1.163
meg/liter.

When the concentration of dissolved hydrogen at the inlet of the
third gas permeation membrane module is represented by I}y (mg/liter)
and, after the degree of saturation has been adjusted at 1 by removing the
gas in the amount corresponding to the concentration exceeding the
solubility under the atmospheric pressure, the concentration of dissolved

hydrogen at the outlet of the third gas permeation membrane module is

represented by Dy (mgfliter), the relation between Dy and Do can be
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third gas permeation membrane module was 0.793 mg/liter. Hydrogen
was introduced into the gaseous phase of the first gas permeation
membrane module just by passing through the gaseous phase without
adding any pressure. When the concentration of dissolved hydrogen at 10
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

exg}@mggt@g%m@@ﬂg@@@ﬁgﬁg achieved under the atmospheric
pressure, the concenté?tlon of dissolved, hyd_ro%gn at the outlet of the third

gas permeatn Harhagtemebiead Wwasiato by Mg mesprwikas pramsation
concentration of dissolved hydrogen at the inlet of the second gas
permeation membrane mBaHk WQ?W@%@)Iiter, and other conditions

. ' ' h
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gamglilenhe20i¥vhandheheancenitatide okdgsalgliteydreigencahtoairigiod of
the third gas permeation membrane module is represented by D1

digpabyed e sanepthéhtegpdet P shertinhanbaesrmgation arangyrane
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exceeding the solubility'under the atmospheric pressure, the

diSANCERAURRRBEAHISROMRA AnTaydspasi ahihg C%QLED&%%HH%BEH 98&mbrane

permeation membrane module is_represented (mglliter), the
medmitoRpettvdety B 1afliter taf-Berpmlirpres¥bieny the femesemtration of

.equatign: D2 = D1/ (degree of saturation in the second gas permeation

disselnedahudresriefWiken e o ohdbsusriomer SRssBRERYHaPsgRI B IFRNe
m¥dglofithe secondiiter, the value of Dy is (0.46+1.6) mg/liter, and the

calculated value of Dy is (0.46+1.6)/2 mg/liter = 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) mg/liter, 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, i.e., 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 0 mg/liter, the concentration of dissolved hydrogen at the
outlet of the third gas permeation membrane module was 1.015 mg/liter.
When the concentration 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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5 gas permeation membrane module is O mg/liter, the concentration of
dissolved hydrogen at the inlet of the third gas permeation membrane
module D1 is 1.6 mg/liter, and the calculated value of the concentration of
dissolved hydrogen at the outlet of the third gas permeation membrane
module D2 is 1.6/2 mg/liter = 0.8 mg/liter. When the concentration of 10
dissolved hydrogen at the inlet of the second gas permeation membrane

didl mg%g}glgrcefh@%ﬁ(ﬁw Hl]e' Préfsg'" O%émgﬁioﬂngé%rane

calculat e of D2 1s (0.46+1.6)/2 mg/li ter =1.03 mg/liter. When the

médarenatorLofgiisselyAtthydrogehat thiinlelooktheaatond ghsdissolved
permeation membrane module is 0.76 mg/liter, the value of D1 is 15
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mg/liter. Then, the sa roce res a se conducted,in th
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amount corresponding to 20 the degree of saturation of 2 In water, was
dissdWkers thih apihe degriembSdissatian ihyvhtegevasizdijustedrdes of the
When the concentration of dissolved hydrogen at the inlet of the second
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sol
o R Vs R T
mb@dfe@pzefﬁhﬁtﬁmﬂﬂ@om deroaltudat: devaleatiohlinembraiSenmgdiditde =
was 0.46 mg/liter, the concentration of 29 dissolved hydrogen at the
1. @Jﬁth@gﬂﬁthe thivdhgas Peenseatientnasinbrafedinselukdwardr o ned/terthe

il P A B AR ARG RRERAB o ol 5o 046 migfiter, the

value of D; is (0.46+3.2) mg/liter, and the calculated value of Dy is

(0.46+3.2)/3 mgfliter = 1.22 mg/liter. When the concentration of dissolved

hydrogen of at the inlet of the second gas permeation membrane module is

0.76 mg/liter, the value of Dy is (0.76+3.2) mg/liter, 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 mg/liter,
and hydrogen in an amount of 0.8 mg/liter, i.e., an amount corresponding
to the degree of saturation in water 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 hydrogen at the inlet of the second
gas permeation membrane module, the amount of hydrogen dissolved in

the second gas permeation membrane module and the measured value
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30

was 0.76 mg/liter, the concentration of dissolved hydrogen at the outlet of
5 the third gas permeation membrane module was 1.260 mg/liter. When
the concentration of dissolved hydrogen of at the inlet of the second gas
permeation membrane module is 0 mg/liter, the concentration of
dissolved hydrogen at the inlet of the third gas permeation membrane
module D1 is 3.2 mg/liter, and the calculated value of D2 is 3.2/3 mg/liter

ard L1 Q109 e/ handhe conGaniration obd '&E@Hﬁ%@yﬂﬁ‘%ﬁ@?ner A hfe

inlet of the second gas permeation membrane module is 0 the

owrbdtierHE B4 kil 4B prmgditam andritter salculaiddivaiite ehbP#isin Table
(0.46+3.2)/3 mg/liter = 1.22 mg/liter. When the concentration of dissolved
1-hydrogen of at the inlet of the second gas permeation membrane module
is 15 0.76 mg/liter, the value of D1 is (0.76+3.2) mg/liter, and the
calculated value of D2 is (0. 76+3],a%)g g/liter = 1.32 mg/liter. Then, the
concentratlon of dlssolved hydroge e‘[

e inlet of the second gas

dro en.in ar},am ntof

t d 20 t
g(f Sdeoh 10of s uratiohih Ln9v9 tggélc%{%{l(\?vag mou rre %@éﬁ ‘?Eeo
SO ﬁ ater Wgésg S Hlatl 5. The%éwé

S eﬁ
ofse
adjusteg(? flird gas permeati ane
lﬁ%r this case, D2= %) %81 2 mglliter, The cor@é%( én of

dlssolved hydrogen at the inlet of the sec

membrane module, the amount of hydrogen dissolved in, the second
permeation membrane module and the measur@§%i§&d30 argpicula ed
calculated value of the concentration of dlssolved"l'?}HF‘ogen at th&3buflet

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)
1.00 0.8 1.180 1.2

(corresponding to
degree of saturation
of 0.5)
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1. 5 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 10 (mg/liter) (mg/liter) (mg/liter) measured
calculated value value 150 1.6 0.793 0.8 0.46 (corresponding to 1.017
1.03 0.76 degree of saturation 1.163 1.18 of 1) 20 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)
25 1.80 QRol+h80nl Patderrespording e deglee gisatuiaionhel 0-30@@ted
31 As shown in Table 1, the measured values and the calculated values
vadnieseof sheatomatiotret winsdvidshidrd derizodee aitidioptidethititymshird

permeation. membrane module(g ee with each other, well. When

835 BRIGRFAHYh B rBODRG ns n VAkY reRcr SERRRLLr 2 When

hydrogen in an amount corresponding to the degree of saturation of 2 was
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 mg/liter required for

-exhibiting 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 membrane module, the difference in the measured
value and the calculated 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 process is
applied to the above case, 1.0 mg/liter of hydrogen is removed by a
vacuum pump and, then, 1.2 mg/liter of hydrogen in supplied. In
contrast, in the present invention, 0.8 mg/liter of hydrogen is supplied,
and 0.6 mg/liter of hydrogen 1s removed without using a vacuum pump.
The effect of decreasing the amount of consumed hydrogen can be

exhibited in combination with the effect of enhancing the safety.
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5 dissolved in the second gas permeation membrane module, the
hydrogen-containing cleaning water having a concentration of dissolved
hydrogen of 1.2 mgl/liter, a value greatly exceeding 1 mg/liter required for
. exhibiting the cleaning effect, could be obtained. When hydrogen in the
amount corresponding to the degree of saturation of 2 was dissolved in
the 10 second gas permeation membrane module, the difference in the
measpyed p}@%éﬁl%ngfthﬁaq%@ ulgted valueas OrealeHNAN 1t YheReation
hydrogen In the amount corresponding to the degree of saturation of 1
meah dissolwed ulhis seskiiis aonzioerathte, benabtdineghsinnesthd asaonfthe
- of hydrogen which is actually not dissolved in water increases as the
fipghciast DRIB PRIFSy ERERRTaTC BRRO IR S SRR ph sk thtdatmesphere.

Uin reased. ressu&?ﬁionr(freeﬁeg. 6Ase Isihoi/%/}n ig the zlaarxSiE) rov in ¥abie : tnk&e Niter
Fent iientidhGe pa’rticu?’arfy BB ruMWheh thecontentration 6 &

(caissQlyssuhygregem atdbe dalelof & gastResmgatiprmamprang.estller 3.2
for dissolving hydrogen under 20 an increased pressure is relatively great.

my/hiera(conmeeptiodaprocebs idegpptied to theatbonet Bewd O dgititee dfin
hydrogen is removed by a vacuum pump and th?%r\lﬁéizl}mg/mer of . ¢

theydRSGBA iR RSFEREIH T AR i Bie Brudele: iAsh bR, BSRRMRYR ©
hydyo ' le i f [ i

SIS SHREICE, 0 RAPESho] RS O b

meRRAEMeth hsireaenwan b exhibiied in Thrmbinatiemwihithe effedisdolved
enhancing the safety. 32 The pressure of water at the outlet of the third
hydsogemwatich? dfernbfabes mod @G meleptmreasaivalandthe result is

Slg%geﬂzilél&‘,tf%]hag%?g; ti‘%ﬁ]ltrgggﬁzso%etgpnee I(‘)thrgg rﬁ?éapnr%sngglqg Ing Weater at the

0
outlet was kept at 0.2 MPa is also shown in Table 2.

Table 2
Amount of hydrogen Pressure of water Concentration of
dissolved in second at outlet of hydrogen at outlet
module third module of third module
(mg/liter) (MPa) (mg/liter)

1.6 0.05 0.798
(corresponding to degree 0.2 0.793
of saturation of 1)

3.2 0.05 1.006
(corresponding to degree 0.2 1.015

of saturation of 2)
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Under this condition, hydrogen in an amount of 1.6 mg/liter 5
(corresponding to the degree of saturation of 1) or in an amount of 3.2
mg/liter (corresponding to the degree of saturation of 2) was dissolved in
the second gas permeation membrane module, and the concentration of
dissolved hydrogen at the outlet of the third gas permeation membrane
module membrane was measured. The concentration of dissolved 10

hyaroger was 0,788 molteror 1,008 e, sssneielt, T, sl

sho e resu when the pressure of water at the

28Ut WS KiehR! 3hOmHYRR ISAISPUIROWN INHADIgR:cE able 2 dissdimaunt of

of hydrogen Pressure of water Concentration of dissolved in second at
hydutigenf hydrogen at outlet module third module of third module (mgl/liter)
(MPa) (mg/liter) 20 1.6 0.05 0.798 (corresponding to degree 0.2 0.793 of
saturation of 1) 25 3.2 0.05 1.006 (corresponding to degree 0.2 1.015 of
Exsatur?ti%n of 2) 33 As shown in Table 2, the pressure of water at the outlet
SFtHe third gas permeation membrane module did not affect the

dissoiuiiomeflBydipeemtaining cleaning water prepared in accordance
with the present invention was used for cleaning a glass substrate having
a great size by a cleaning machine.
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 capacity of 500 liters. Water in the storage tank
was transferred 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
[manufactured by KURITA KOGYO Co., Ltd.; KU1510-HS] in the first
step. Concentrated water containing foreign substances 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 entire water was kept at 100 liters/minute. This
water was introduced into a gas permeation membrane medule 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 measured, the concentration of
dissolved hydrogen was found to be 0.8 mg/liter. It was also found that 7

mg/liter of nitrogen and 4 mg/liter of oxygen were dissolved.
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5 Example 2 The hydrogen-containing cleaning water prepared in
accordance with the present invention was used for cleaning a glass
substrate having a great size by a cleaning machine. The
hydrogen-containing cleaning water was applied to cleaning of 10 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

tak g, capeciy 6500 iegs, Waler e SOMR0E A MW odule o

tran y'apump-atarate o rs/minute under a pressure O

a B&AMRaARY passeddrQuahseadtiadleatiancreimhanaid) ahmaduleaage
[manufactured by KURITA KOGYO Co., Ltd.; KU1510-HS] in the first

pretapreafceifald® ayatadctnaimitigdoraignaubdtdnchogess veraolisgadved

a rate of 20 liters/minute. Ultrapure water introduced from a branche
urglain §lag a8dde b PP RS min CRNGSHBRBA i 19eSREANS trtéé{%@gen

imgrg‘é%t;aaeéﬁ ea‘é%%?}t{iéﬂ&%ﬁ)ﬁf%% ‘ﬂ?&aﬁilgﬁii&f},%@ brang, medkle 2 of

w rate of the entire water was kept at 100 liters/minute. This

divateewasitttiashceddntba gascpatnaatinndhelidnedneditefowere the
dissolving hydrogen. When the concentration of dissolved hydrogen in
samhe watetheserafrohanilsrhrdhsheighiy HaEeriey E’é%’?’élfﬁ@%é@f)du}e-

erme&tion membra%%e module was measuyred, the conce?tr%ignéﬁ 25

W S80lVet TR R L oo BB X BeR /. e 3% o Fotnd Thae S of
salEAIesLf ﬁ&g{ Anfh4 NGAHeE R UYSe N WEFEsdisaalRd 184 HYdegRn of

was supplied to the gas permeation membrane module at a flow rate of
sal8@Rion (e $tandard cheditionpimiente widéha gauge psessurecotiidn
MPa, and the entire amount of hydrogen was dissolved
corresponding 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.

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 connected 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 immediately after the gas
in the amount exceeding the concentration of saturation was removed,
and the concentrations of dissolved gases were measured.  The
concentration of hydrogen was 1.2 mg/liter (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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under the added pressure. The concentration of dissolved hydrogen 5
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 are expressed in terms of the degree of
saturation, hydrogen in a concentration corresponding to a degree of 10

saS@aionefdldxand e COmRRNENSRIHBS QIrdR AePREONtration required

corresponding to a degree of saturation of 0.5 were dissolved, and the
coltenagatatiorodf tiesehtird disshlvgergases, cdrresplitded 4o guetfes offas

saturation of 2. An additional gas permeation membrane module as the
Suﬁﬁﬂﬁ?’é}lﬁssaﬁsfé‘?@emoving gases in amounts exceeding the concentration

of saturation was,dispo at the downstre f eati
mem rgr%ée%%ﬁﬂ‘éu orojizglgl\%?gg ry(ﬁggensggg?ggggv@'gg&?eg ,[(% r't}hdéthe
te1BQOREEHRY MOIMLOF DRI SASR0NS RIase Midie0en e£ ik toleaetiuma akanas

oxidation catalyst. The portion between the above members were kept
2780pmkictntelsatligb o highwptiesio prasnfshwitheliennichinguaNement.
the like causing, pressure | sesﬂzg. A sample of water was taken

Homavadiafsy aABTHRGRE 9 R A EEING th e BN ardnbrthe
opgﬁlﬂigﬂoﬁ SERMANEE: A0 the GRRCEATATANMIOLIRSPhed AaBR WSk s

measured. The concentration of hydrogen was 1.2 mg/liter

stdboespanding dbaveearepcoharsaturation of 0.75). The concentration of
nitrogen was 4.5 mg/liter and the concentration of oxy%b nwas 2.0 )
mg/Iker (berclepoiethgrrhisegrab wreasieanauor oFd sHastRs awark in

oL ot el ST e S aletB M5 minutes
using glass substrates having a size of about 1 m square as the article for
cleaning. The number of fine particles having a size of 1 um or greater
on the glass substrates bhefore the cleaning was about 4,000 in average.
Ten glass substrates were cleaned using ultrapure water, a prepared
hydrogen-containing cleaning water having a concentration of dissolved
hydrogen of 1.2 mg/liter or a cleaning water prepared by adding 3 to 5
mg/liter of ammonia to the above cleaning water. The number of fine
particles having a size of 1 um or greater on the glass substrates after the
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 which 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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sufficiently satisfied. The temperature of the water of the supplement was
23C, and the 5 temperature of the circulating water at the inlet of the
cleaning tank was 27C, which was slightly higher than that of the water of
the supplement. However, no adjustment of the temperature was
conducted, and the operation was continued after it was confirmed that
the condition was stabilized at the above temperatures. 10 In the cleaning
It Washing LRSIk WaYR otz anineddn sewhinatian Bptdding a
cleaning with dipping was conducted for 5 minutes using glass substrates
sniaViam awsizeHhaboothiancsthm by dsagenastioltaion ngledesg nE veahermber
of fine particles having a size of 1 m or greater on the glass substrates
before the cleaning was about 4,000 in average. 15 Ten glass substrates
N ﬁlﬁ@ﬂid | I@Kﬁlﬂﬁwater’ a prepared hydrogen-containing
—_%mg—m% r having a concentration of dissolved hydrogen of 1.2
mg/litar aeepeiRanisgwater thiepareckby dddingrddadnmadlitgh©tontaining
ammonia to the above cleaning water. The number of fine particles _
cleming aveiter otndmbor yaingetba mpnglerssybetraredagingnhtheocleaning
cleaning was a%out.SOO when qtltrap re water was.used, albo%trzo nggr ‘n
W?ﬁ%rp?@gaf; GEATHPWREAT RS Bséd® P A0UF B0 WhER the cledning
wiiBIPHIRONIANG 24d%d ALUDQRIR WaS %‘ﬁ% bwasneenfioRed o 08 plied
above results that the highly efficient cleaning could be conducted by
safising whebhydedgdnyconiaining ceamgng: 25 edtenishictis sdppléediand the
circulated in accordance with the process of the %resent invention and by

PIGSHYY the SPpafauR PP SEEMTME I G7S 36 RS HRUThIR iERCes
ar%get%ftfae%pga?g?@slg %%ntl%ee e]gralpeas (r:lecd ;‘9}(78919{8]9 %an be advantageously

applied with great practical value when a great amount of water is

recycled and reused.
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small amount of ammonia to the hydrogen- containing cleaning water.
INDUSTRIAL APPLICABILITY 5 In accordance with the process for
producing a gas-containing cleaning water and by using the apparatus for
producing the cleaning water and the cleaning apparatus, the
gas-containing cleaning water in which the specific gas is dissolved in a
great concentration can be supplied safely with stability without using a
mechanism for decreasing the 1Qpagaggre such as a pump for removing
a gas. In particular, the process and the apparatuses of the present
invention can be advantageously applied with great practical value when
a great amount of water is .recycled and reused. 15 ’g’? CLAIMS 1. A

L. bracedLq67 $5rofRicing Y SREo Rta RS CERIHNG &/t AR Waleking Hich
conibgiific gag disgolveshin walenwhichPragess, compesep rodissolingiiges

specific gas’into watér under an increased pressure exceeding an

digtoierphetleepresatiféctogare parena gaseeoniaiding watendrevingla pressure
concentration of the gas exceeding solubility of the gas under an
exgeebisthert pHEReERacHia, IRBRSTEMSOIN SRYition GRHSNS3BNBY Judter

B R SO S P e A Ol A G 0P ROy am

aining cleaning weter according to

atMRERiR e RIsHe PRENEHIAS-SORGHING WalsHiRHarensedid@hed gas
pressure close to the atmospheric pressure. 15 3. The process for

bypdeducisipg gasssomtainind elganingivetenareorting

2. The process for producing a gas-containing cleaning water according
to Claim 1, wherein the pressure on the gas-containing water is decreased

to a pressure close to the atmospheric pressure,

3. The process for producing a gas-containing cleaning water according
to Claim 2, wherein the gas-containing water is passed through a gas
permeation membrane module, and a gaseous phase portion of the gas
permeation membrane module is connected to the atmosphere so that the
pressure on the gas-containing water is decreased to a pressure close to

the atmospheric pressure.

4. The process for producing a gas-containing cleaning water according
to Claim 1, wherein an operation of dissolving the specific gas into water
under an increased pressure to prepare a gas-containing water having a
concentration of the gas exceeding solubility of the gas under an

atmospheric pressure and an operation of removing a portion of the
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to Claim 2, wherein the gas-containing water is passed through a gas
permeation membrane module, and a gaseous phase portion of the gas
permeation membrane module is connected to the atmosphere so that the
pressure on the gas-containing water is decreased to a pressure close to
20 the atmospheric pressure. 4. The process for producing a
gas-containing cleaning water according to Claim 1, wherein an operation
LI ARsPIVINg e JREFIIG RS wgs\élé{gr dWN99.2BRCEREERE SRR are
prepare a gas-containing water having a 25 concentration of the gas
repuaesdlipgsaiuwailiy. of the gas under an atmospheric pressure and an
operation of removing a portion of the 38 dissolved gas by decreasing
pressure on the gas-containing water are repeatedly conducted. 5. The

pracess for producin as-containing cleanin ter.according 5to_,.
5. CIbR BIRHRER T ARG T EH TREab R ¢ S B LG s edine
to D IMISFEASCH HURSSUIGIS ¥ HRS-CANIRINRSBeaing watRE alley Beigsolved
used. 6. The process for producing a gas-containing cleaning water
urabsorgingntfet@laiprdsswbichcomprsesatstopd relwaning water after
contaminants in the gas-containing cleaning water. 7. The process for
beppgdwssdy a gas-containing cleaning water according to any one of
Claims 1 to 6, wherein the specific gas is hydrogen, and the 15 gas
removed under a decreased pressure is treated by an apparatus for

6. repia g 2oMAS @258 AFt AP RARIHS 601 Rl asig il axdag Goatain@ording
cleaning water which contains a specific gas dissolved in water, which
toapibaiatus, cothprisewwprises a step of removing contaminants in the

gag-containing cleaning water.

7. The process for producing a gas-containing cleaning water according
to any one of Claims 1 to 6, 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 dissclved in water, which apparatus comprises an
apparatus for dissolving a gas in which the specific gas is dissolved into
water under an increased pressure exceeding an atmospheric pressure
and an apparatus for removing a portion of a gas in which a portion of the
dissolved gas is removed by decreasing pressure on a gas-containing water
obtained from the apparatus for dissolving a gas to a pressure lower than

the pressure under which the gas has been dissolved.

39



10

15

20

20 apparatus for dissolving a gas in which the specific gas is dissolved
into water under an increased pressure exceeding an atmospheric
pressure and an apparatus for removing a portion of a gas in which a
portion of the dissolved gas is removed by decreasing pressure on a
gas-containing water obtained from the apparatus for dissolving a gas to
a pressure lower than 25 the pressure under which the gas has been
9. digsQhechi32 hifh&IRRNNGARER abYHNEE GOTIRHSES A AIGRANG using a
machine using a gas-containing cleaning water which contains a specific
gagamdissolirer dleavater, watappatants éonthssehangragbis igashickstilged in
specific gas is dissolved into a gas-containing cleaning water dis¢gharged .
w4 (R @emﬁg%@Ehm@%@%iﬁg%d%@m Hhcresnisitic gas is
i BSGRA® 415 5 A AR ARSI S AL PPRAIANRON TSN b
a portion of a gas th which a portion of the dissolved gas Is removed by
clalagieasing-RIesSIie O hedngassedntaidnganiacphiséiepisenibexceeding
apparatus for dissolving a gas to a pressure lower than the pressure ]
aruateospienithpgsstees BackpIORsYs fer) rampaippingitgn of a gas in

- taini i f hich th - ining cl i t
T BT S B FAPiE A VBROR  Ake AR BPScgie on
a 8R4 SANRATHDGSREF GRS RINethiN A YRR RS UBPIBIN RS a gas to

cleaning machine. 15 10. The cleaning apparatus according to Claim 9,
a Whersinrthd ogas-ctimainiig: clpesiagreater dvriclv s disdiiergeslsfrémmsthieeen
cleaning machine after being used is circulated through a heat exchanger
digsrivae apphrativiee dodisg CoARRTMENGC s ame 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.

10. The cleaning apparatus according to Claim 9, wherein the
gas-containing cleaning water which is discharged from the cleaning
machine after being used is circulated through a heat exchanger and an

apparatus for removing contaminants.
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