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METHOD, AND GAS- DI SSOLVED WATER SUPPLY 5 TECHNI CAL
FI ELD The present invention relates to an apparatus
for conti nuous dissolution and a process for
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di ssol ution which can supply, w thout |oss, cleaning
water or surface treatment water used for el ectronic
materials which particularly requires a precisely
cl ean surface and to an apparatus for supplying water
for cleaning containing a dissolved gas which is 15
egui pped with the apparatus for continuous '
i ssol ution. BACKGROUND ART In the wet cleaning
process for electronic materials, the so-called
functional water for cleaning whi ch is prepared by
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spegﬂl’ 81) ﬁte i‘ﬁf B?é PiHER| ditlissolved gas which is

15 equipped with the apparatus for continuous dissolution.

BACKGROUND ART

In the wet cleaning process for electronic materials, the so-called -

functional water for cleaning Whicﬁ is prepared by dissolving a minute
20 amount of a specific gas or a specific chemical into ultra-pure water has.
been recognized to be useful and is being used more widely. Apparatus
using a module having a built-in gas-permeating membrane in the portion

for dissolution or in the portion for degassing and dissolution are widely
used. These apparatuses are useful since the entire amount of the gas to l.
25 be supplied can be dissolved as long as the concentration does not exceed

the concentration of saturation when the main sf_ream liguid ié




wat er containing the gas or the chemcal in the
prescri bed concentration 5 only when the main stream
liquid is supplied at a constant flow rate. Wen the
anmount of supply of the main stream|iquid changes due
to some outside factors or due to saving of water, a
pr odrelmanaslydreated by depassing.cal operation that the
concentrajion of the gas or the chemical in the
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specific gas. This causes an er probfemin the
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mec panhsed fimcthinahwatbrideedtesi gnal is received from
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To stabilize the concentration of the diésolved gas, a feed back

mechanism in which an output signal is received ﬁom the portion for

20  measurement of the corcentration placed at the down stream side of the’

dissolution apparatus and the amount of supply of the gas to be dissolved

is controlled, is widely used. However, the desirable results cannot be

o_btainéd even when this mechanism is applied to preparation of thé

functional water. The reason is that a functional water having an

25 undesired concentration is prepared at least during the period of time lag

by the feed back and the hunting phenomenon in the concentration cannot




for continuous dissolution which can maintain the
quality of the functional water, i.e., the condition
.in which the concentrations of the gas 5 and the
chem cal can be kept stable, even when the flowrate
of the main stream water chan has been desired.
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DISCLOSURE OF THE INVENTION

As the result of the intensive studies by the present inventors to

20  overcome the above prpblems, it was found that a functional water having
a constant concentration of a gas and a chemical could be produced with
stability, even when the flow.rate of the main Strgam H(iuid changed, by
disposing a flow meter which measured the flow rate of the main stream
liquid and output the signal of the value obtained by the measurement

25 and a mechanism for controlling the flow rate which controlled the
amount of supply of the gas or the amounts of supply of the gas and the




The present invention provides: (1) An apparatus for
conti nuous dissolution which conprises a 5

di ssolution portion for dissolving a gas into a main
streamliquid, the apparatus further conprising a

flow meter which neasures a flow rate of the main
st r S4RET iCEﬁliﬂtF haserditoputhe signal mapubffrom vibieuBowbimatered The

by t t, hani sm f trollj
1 o PSP P dbsthed Sowtelardmand wi tha vy ke wladee.
gas baseq'h@'ilrégéﬁtﬁi\%ﬂgiéagfggﬁﬁegirom the flow nmeter 10

and an apparatus for sing the main streamliquid

whi dit) i s At sppaestus aford dAfinhoRd A ﬁ{itihhli’s‘w'hﬁ?i“ .

di ssol ution portion for dissol ving a gas; (2 Atn(wb B a

&p p aispolgicno pontiomt fomudissolvingsal gasi o as ndés Gtidaad Hghid, the
he main streamliquid is pure water or

(1), wherei é )

ul t P&PB’EH‘?BS%&# ¢ copprising aflew anefer phiclomeasunes asflow rate of

di i: SCI ' whi ch, 15 I
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f or agwmni nlisuplyl b thel gid esedbinohe QMR AR from the flow meter
ontinuously dissolving a gas or a gas and an ot her
19 o#Pd I ARyagatwgifor degassing theundin st2eamifiiguid whidieisndisposed
str |i.oujid,i s degasse efore. the gas is djissolved )
anaia ekt de oh (EEHRAR 08 Beeglaisian oo feigponing a gasi
supfd)y af S foR i i quj d cont el led .
based on gbﬁiﬁgw r at gﬁ %ﬁlﬁtﬁﬁgé’ﬁl‘}?ﬁlulg{oﬁ;ﬂgrﬁ%%?‘gm Elgf 3’? rem
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for supplying water containing adissolved gas which
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liquid and controls an ainount of addition of the other liquid based on the
signal;
(4) A process for continuous dissolution which comprises continuously
- dissolving a gas or a gas and an other liguid into a main stream liquid,
20 _ wherein the main stream liquid is degassed before the gasis dissolved and
an amount of supply of the gas or amounts of supply of the gas and the
~ other liquid are controlled based on a flow rate of the main stream liquid
before the degassing or after the degassmg;
{5) An apparatus for supplying water containing a dissolved gas which
25  comprises:

- a portion for producing the water containing a dissolved gas




an apparatus for dissolving a gas which conprises a

flow neter neasuring a flowrate of pure water or
ultra-pure water and outputting a signal of a val ue

obt ai ned by the neasurenent and a 5 nechani sm for
controlling a flow rate which controls an anmount of a

gas comprixéngti ssol ved into the pure water or the
ultra-pure water based on the signal input fromthe

flow neter, afd appacaims foordiagilviagi 2 gaanwiaioh winmises a flow
wat er whi ch adjusts_an anmoupt of the pure water or

t he TP 22607 Peflow,pate b ruge ( Water 1@ afpaparesvatsr and
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gas in an excess anount which is not use

of dede diSsaves jnitmghes yaremdtbr oridgie WhisPutd @t Based on the
containing a . dissolved gas flows fromthe water tank

t onterel ipputfagm thefloggretencinde water containing a

di ssol ved gas.in an excgjss .ampunt returps to the water

tank, and a pt 'ﬂeﬁﬂsif?ﬁ? UpBRg iatgrmAR el wates gRkighradigsts an
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contai ning a dissol ved gas obtainé

10 or app adhias fog didselvived &lgaS oI ni ng a di ssol ved gas to

the water tank; and controls the nmeans for adjusting .-
an armound® Rrtigat for bapdsingn thewarhtar comuitling Na t Bigsolved gas
wat er tank; and 25 (6) An apparatus for supplying
matg?nggﬁPgining a dissolved gas described in (5),
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gas in an excess amount which is not used at a point of use,
15 a piping system through which the water containing a
(dissolved gas flows from the water tank towards the point of use and the
- water containing a dissolved gas in an excess amount returns to the water
tank, and
a piping for supplying the water containing a dissolved gas
20 which supplies the water containing a dissolved gas obtained in the
portion for producing the water containing a dissolved gas to the water
tank; and
controls the means for adjusting an amount of water based on a water
level in the water tank; and |
25 (6) An apparatus for supplying water containing a dissolved gas

described in (5), wherein the water tank is a water tank of a sealed type




equi pped with a portion for supplying a sealing gas

and the sealing gas is a sane gas as the gas

di ssolved in the water containing a dissolved gas. As
the preferabl e enbodi nents, the present invention
further provides: 5 (7) An apparatus for continuous

di sg b@RiflSa \ o1k hBE S ng}ﬁg i
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pr opceniegwslas theghs dissolved he th) Bateerbitliningd) didsblved gas.
apparatus for continuous dissolution as described in

(1), whefdithe preievpble sinubediments; t then presept i inwention further
m)gﬁleé nprising a built-in 10 gas-perneating

menBrARE™ (9) An apparatus for continuous dissol ution

S SCA ' , 10 5. par at f or .
Seos2ar b Bl Ko ooHARREMT ik G BRRE Poinifla () wherein
gastipeflowatatd gf thPiaiReontdNedAR RERAaALYNiflPthe proportional
conti nuous dissolution as described in (1), whi cﬂ 15 .
conpmited or sherBERgonteok f or controlling the flow rate

conpkising a mass, flow controller; (1(3 An apparatus
f or Sorth tyy oz sonbippens disgdlation ve e;smquf i (1), wherein
wh I My .gas_is hydr N, oxyge ni trogen _
heﬁh%m%sa%ogg%@lao%%%g? gﬂ]%ﬂ'g%llsgs, acg}(@g"we d‘fog}lﬂaséhg)r a built-in

1M XgaiFperfeatingSBefiBiaR; 20 (12) An apparatus for
conti nuous di ssolution as described in (3), wherein a

- pi piShg Aoapriaratispior tehmidn b dies dissdlution @8 Mekdibddicn@d, Rherein
portion for adg}ixng -the other liquid which is disposed
at ResIRRFAPET Hredesaseingscamaprisasx mgodule I@mpaising a built-in

app, f contj nuous di ssolution as described in
HideeBhg it

(3)% pri Eey mechani sm for controlling the
f1 ooy ahe HRIARELS f&ﬂ'c@nﬁ&ﬂ&széjf%&ﬁﬁbﬂ]a%c&é(s?%)%m (1), which

chem cal which can change the flow rate.
15ap pamatrises faomechanismufourscod b3t gl tho AlodSrAe Sohigiadng A mass
(3), wherein
flow controller; _
(11) An apparatus for continuous dissolution as described in (1), wherein
the gas is hydrogen, oxygen, nitrogen, helium, argon, ozone, aininonia,
carbon dioxide or a mixture of these gases;
20 (12) An apparatus for continuous dissolution as described in (3), wherein
a piping for transporting the main stream liquid has a portion for adding
~ the other liquid which is disposed at a stage before a means for mixing.
(13) An apparatus for continuous dissolution as described in (3), which
comprises a mechanism for controlling the flow rate comprising a pump

25  forinjecting a chemical which can change the flow rate.

(14) An apparatus for continuous dissolution as described in (3), wherein




6 the other 'liquid is amonia, sodi um hydroxi de,

pot assi um hydroxi de, tetranethyl ammoni um hydr oxi de,
hydrochloric acid, sulfuric acid, nitric acid,

hydrof | uori ¢ acid, phosphoric acid, acetic acid,

oxalic acid, a solution containing hydrogen peroxide

or a} m xth%re .of these |iquids;  and (15) An apparatus .
for WEnPHHeYE el isammona. s9divs chydregiden notgssinm hydroxide, _
wher,gj | ow.rat.e of .the gas..s.controlled in . . .
acco rggjélr’]ﬂg eﬁ%a{nhﬁq I%I%pt}ygg%’flfl?’gﬁmbéﬁlﬁﬁf PO %’l‘fuﬂ‘fé‘cﬁ pitric acid,
Cc oNtHvlo -JH gure 31 .
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appapataisingfhydbegeprresedie by emikit@R. of Eheienauids Aaws a

process flow chart of another enbodi ment of the

appatt uln spemiup faseomtinueve iissohutior as dpgiriedgn (4), wherein
wat nt ai ni a di ssol ved s. In the Figures, .

r ef gf“%r%@év hefeodr ihg g?éaﬁscogﬁrql%ae‘& P?Pﬁ“g?’é%"?i"&tl},‘ the proportional
ref %5%%553@?@ ns a nenbrane apparatus for
degassing, re erecéf:lfe{%?nunber 8 neans a flow neter,

ref erence nunber 9 neans a mass flow controller,

reference nunber 10 nmeans a hydrogen gas gener ator,

1 ef BdE ESCRHP { O THE BDRASWENGSe nodul e for

di ssol uti _n a s, reference nunber 13 neans a
tank for ﬁjﬁﬁﬂ%dss MDA Brogess cilewiceharhirafenn lembasiment of the

chepj . Njeation r.ef erepce er 15 neang an
i PRER L B TR o Fo e K AR, process oW chart of
congethiedehdbddidti®ihd BpMHatsobr el MR IEention f i
ref erence nunber 17 rreaﬁ%p.a pH rreter& referer?cémnaﬁglé?plmg
19 watersontainings dissdfet gmce nunber 21 neans a water

t ank, refer&nc%_nun‘oer 22 and reference nunber -22' i
mean pi pilRgthe Figwesnteleremes srupber bameans punpnjection portion,
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controller, reference number 10 means a hydrogen gas generator, reference

number 11 means a membrane module for dissolution of a gas, reference
number 13 means a tank for aqueous ammonia, reference number 14 means
a chemical-injection pump, reference number 15 nieans an inline mixer,
reference number 16 means a concentration monitor for dissolved hydrogen,
reference number 17 means a pH meter, refc_aren_ce number 19 means a valve,
reference number 21 means a water tank, reference number 22 and reference
number 22’ mean pipings, referencé number 23 means a pump, reference
number 24 means a filter, reference number 25 means a water level meter, reference

number 26 means a piping for supplying a sealing gas, reference number




7 28 neans a piping for supplying gas-dissol ved water

and reference nunber 30 neans a cover. THE MOST
PREFERRED EMBODI MENT TO CARRY OUT THE 5 | NVENTI ON The
apparatus for continuous dissolution of the present

i nvention conprises a dissolution portion for
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t he apparatus further conprises a flow neter which
meadieker Jmeansn eates of the main streamliquid and
outputs a signal of a 10 val ue obtai ned by the

nmeasur enent and a nechanismfor controlling the flow
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gas andThe appheatus ifepuéoth tinulons alissalutiont 6o PrieSe tdinvention
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functional water which is an aqueo
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alkali or an acid into pure water or ultra-pure water .
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The apparatus and the process of the.present invention can be
advantageously applied to the production of the functional water which is
an aqueous solution dissolving a gas or a combination of a gas and an

20  alkali or an acid into pure water. or ultra-pure water as the main stream
liguid. In the present Invention, pure water means water having a high
purity which can be regarded to be almost the same as pure water from
which impﬁrities have been removed as much as possible. Ultra-pure
water means water having an extremely high purity from Wh;i.Ch

25  substances suspended or dissolved in water have been removed extremely

so that the concentration of the dissolved substances is at the level of 1




8 g/liter. The aqueous sol ution obtained by dissolving
a gas into the pure water or the ultra-pure water or
the functional water obtained by dissolving a gas and
an aqueous sol ution conprising a dissolved al kali or
acid into the pure water or the ultra-pure water can

be ad/hteradEoe atiyedisushtiaasolstaBradi H}zgdié&ﬂ%gad“gassiﬁ% Cpure
treatment water for electronic nmaterials Such as
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accanateniels withh dsheubsiaaige boh sbhﬁ:ohuﬁmwt Qllfsﬁ:rattébﬁ of liguid
mai n stre(gm liquid, the functional water into which
-t he Chdal dsplags spbsalgates of phetomsaskaand snbetmateabf barddisks.

b t duced. .The f d f
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and éhe Venturi flow neter; flow neters of the liquid .
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Vi bﬁ@&ﬁé%ﬁnééb%e&ﬂi&ﬁoﬁ‘ﬁaﬂ gscﬁmgﬁﬁ,(g &{ng flow neter,

the swirl flow neter W net er; flow

meters dlf‘hdiﬂ)@w‘mdtdﬂﬁsd(fwme mdds@¥ng¥Rb ﬂbﬁr 12he Bf‘ﬁle%?ﬁi‘estream
wheel type flow neters of the water blow type;
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resistance type such as the resistance flow meter, the flow meter of the
area tjrpe and the flow meter of the laminar flow type; flow meters of the

20 Hquid vibration type such as the Karman’s vortex flow meter, the swirl
flow meter and the fluidic flow meter; flow meters of the velume type; flow
meters of the blade wheel type; flow meters of the water blow type; flow
meters of the electromagnetic type; and flow metersl of the ulirasonic type.
Among these flow meters, Karman’s vortex flow meter and the flow meter

- 25 of the ultrasonic type having no sliding portions are preferable since

contamination of water can be prevented. In the present invention, the




contam nation of water can be prevented. In the

present invention, the 9 flowrate of the main stream
liquid is measured by the above flow neter and the
anmount of supply of the gas or the anounts of supply

of the gas and the other liquid are controlled based

on flew matemitthe ingaial stodfant higuidhis@eaaiedibyethebyboi/b flow meter
neasurepent. 5 In the present invention, when the gas

i s drdddeamounitd supelned the gas emthe agoimits(ofrrapply of the gas
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St er orld bige wrddent PiWeR (WAl Whenl thel SasRCAISA A i lthe main
the main stream 10 liquid Is degassed in advance. By
degaigeamgliohid {the pwt rveater ldrgibiedultra-parky amte), itdeapileferable
vari,ous_gases.  dissolved in the main_streamliquid (the

* pur h3kdbEsuBplieh gasts omnlatedy disselvpd inte thewbypliedhnure water
t he i lution ncapackty, fqr the desired gas .
i nc?]gggté‘g .pﬁjlsfg Y%téa el {nlplgﬁ][)q ﬁ’(fﬁ?lge(ttdhﬁesupéﬂﬁe fst Lyto the

or phRe WhidreoDHeuINRk S WRtdNg i 4t @ mbin |
pos'fs)_,i ble 15 thate t he Igﬁpp‘llviatgd’ g&gq%g%@%%%%teﬁ%y% mbin biteam

10i skgideid déppnsddhin gdsarbes sBlyuddgaBsingahaGhi ét2eam liquid in
greater than the anount of the supplied desired gas.
On f@nceoiteptyy vaipinsases Gesolypssus the mdiefstream liquid (the
remai ning, in the main streamJiquid (the pure water )
or r?‘#]e ‘ﬁr%err ao-rpt% e WSt P %@%]Bir ar ﬁeén%'é:?& ?%gﬁb"aga“? gissolution
di hvd for the eaRagi : Lssol s i t . -
naiscﬁe,gt rgagwrl i quid ?‘?t%xp%?lg%\%\gsts' ermg%%o%%t&hg%gm Bamd (the
ul trerepuatervat ibe) uliim-pueuihiee) anthé@abotdeondenirt, e is possible

concentration_ cannot be achieved. In the latter
Beorfdat itha, summbied gas sheoppletalpidissojvedhwhentthe gas dissolution

ct TGRS it Bt e fRSepaRaf of o npilietdespig ¢as.  On the
Wal@hirae @ IREn DGriaal g:?%g%r@tleﬁ ?ﬁm%ﬁh% ﬁgthe main stream liquid

concentration in acc nce w nge-in
f | dihe pive whtdrlo@ th&ulira-pure water) before the desired gas is dissolved,

the capacity to dissolve a gas into the main stream liquid (the pure water
20 or the ultrapure water) is insufficient and the desired concentration
cannot be achieved. In the latter condition, there is the possibility that
the concentration of the gas dissolved into the main stream lquid (the
pure water or the ultra-pure water) cannot be adjusted at the desired
concentration in accordance with the change in the flow rate of the main
25 stream liquid (the pure water or the ultra-pure water). In particular,

when a gas having a small solubility such as hydrogen is dissolved into
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25 streamliquid (the pure water or the ultra-pure

water). In particular, when a gas having a small
solubility such as hydrogen is dissolved into 10 the

main streamliquid (the pure water or the ultra-pure
water), it is necessary-that the main streamliquid

(t he themmainasigeadrligdi@ Whé RmE W Ster VBt 8l ultfy-PREASRED), it is
in advance to keep the concentration constant™ even !
when Deprsspryothat dhe nodint steearnilipad reanpldetubtbr (driBePlE@ pure
vvatervg{%r t.he .5 ul%{a-pure wat er) changes. Wen the

mai n "R e feesgsesl 1 REvpRGectakipen thecondentnakionacopstant even

wat ek b StHlefas s i dvance hefore, the gas is

di s,s,g‘l)h\'f!‘éol’flg3 iy lg“fé% & BEYANE sHtet Tl (e gurnarateog: the
r sit eultkaplaee watdd) & 0 | ixainthe I r,0r the

ul tra-pure water) ifgn%?nput todtrhz(:\agpnltl yse%égﬁlﬁ%ﬁgﬁt(ﬁ}ge pure water
anoupt thef ulbtaep weppitedds degaged ih AaPaAdDeB@S the sbhE djﬁsolved
suppl.ied anoynt is 10 conpl etely dissolved so Fhat t he ’
conc it sgmalgd the mater mersaring Wbe fewi rade of thal main Kresn Liquid

when flow,rate of e main streamliquid (the pure
wat e(rthg(limtr% &4iPY Pﬁ-tﬁ%ﬂ@ RWe) Wates @%H}P"{%HQ ra%idl.v control the

concgabh@d C c rapi dly to the desired |
ol e WOl albphee FECHNENEG 18 el Yy SBe suDpBRT mhioun is
e gawsipietelyhdisesived $6 kBaMthé Gk P ;

15 the ultra-pure water) is not&gg%#?)guﬁlrep‘%@fsf%t?é%l.des.]md
It i%elpe-eflevebben e flw rafasofl themaanOuRians A& (the pure

than_the solubiljty at saturation-is supplied after
t he '%%tre e %t%? Bitrh?gr‘%ll Wﬁﬁrguﬁw,eﬁhﬁ scancentratioby can be

meniye, .degassi onpri.sing a. nodul e
e e ARk e B RIR: Mo TR A it
t he capafht yrécssios Jebyesi j \Qﬁtﬁ |

incr eased by re?mvi ngjgdi s;ﬁ%%rgag%ggé%nT %i(ﬂs%(ﬁulftei“éaﬁteror
1por the yltraphre/wase) is mot péadicydkaly Knntdd. PaF isiprefcRbbM that the

limted 11 isgrefer ble that the dissolution
por ERHA™ BhBPoREE 33144@6 thannghg mejukilityidtt satnration is supplied
as: ' .olnce the main stream|liquid
gndatﬁﬁi:e qg%%’lb-l?&? g’ﬁg‘g@f gﬁgvﬂlﬁgﬂ-pure water 1s treateg %y a nglemb_rane
apparatus for degassing comprising a module having a built-in

gas-permeating membrane, and thus the capacity to dissolve a gas into
20  water is increased by removing dissolved gases. The dissolution portion
for dissolving the gas is not particularly imited. Itis iareferable that the
dissolution portion comprises a module having a built-in gas-permeating
membrane. Since the main stream liquid and the supplied gas flowing
into the dissolution portion each stagnates at the liquid phase and the gas
25  phase of the dissolution portion for a prescribed period of time, the module
exhibits the buffering function offsetting the change in the amount of

!
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into the dissolution portion each stagnates at the

i quid phase and the gas 25 phase of the dissolution
portion for a prescribed period of tine, the nodul e
exhibits the buffering function offsetting the change
in the amount of 11 - --------- LR supply of

t he gappland the gad laadta tittleagmandgt b thhe the FhiQaal water
wat e having little fluctuation of the concentration

- of t Raviggdydledurtyation sh the coprentitation ofi the dissubidd £as can be
The t o, be dissplved [ s not particularly limted.
Exan%ﬁ)ziug?d tvl%g g§§8 e ub@% Bt den 61839\%% s not particularly
nitrg hel.i r . e, anmmoni a and_car bon, ..

i e, il O B 008 1o 86 ALy RSBy i T S06e5, hetium,
bty dr mxpen, ofoseg@ihmbfial 44 @brlndMdxfleS SPHMELL Thett I8 water
pure water or the ultra-pure water, fine parti c?es

at t atomégining hiydregenf asezai, hdiwes taromigennliseilv@d Snfathe pure
be renpved. W\t‘rﬁ the functional water prepared by

di BT RS Beonkira Riee miateny fine nartidlesoattatheduty tlee purface of

t j bst ret al bst t
A t el ERlRertd 3R b e d L Wifh e fhifemal mertemprepared
be rgnBissiving §Zank hetd H{bcﬁhféq@lat%ggérgfheplﬂ?lpataél:ft%o?ryl%erge organic

di ssol ving carbon dioxide into t ure wa

1@l t sabplianeesvandr metdlushisbtittes fattdchibd Qo elHRC bhsfhdd ¥f GBbtronic
be prevented. In the present invention, the position .
of theieRals srBnbatreptovele WBh boay fuactionsdl whternpiepared by

str Lquid, s not.pacticylarly limted as | ong as

t he%%%’]é’#"l?’?% Ir?""?tlé"“'og’f"a‘f‘ge P‘HEIQ es%’%/%t"’u%ﬁ? pothe dﬂtrwgré#r@ water,
t he pgaAd-drSofdi g T of the main

stream | |Iz%f:j§é§ﬁn§%/l\ég%m aésg,i‘ll}rgeeI gé%ieg' or after the

porti on fothel @gespnic Agvertiod, hﬁegdo%&i‘dﬂ of e BidaQrefiNof the

the injectign of another liquid into 20 the pure
3at deworate o€ the main pireanywdiigaid isncopaitictdly himited as long as
COn‘p_ilé'l aas'flgﬁnvinﬁtbggqrtp gﬁed.'%so &ﬁ%%g{% %EIS g?];-’ as 1s dissolved.
por Ui of. iMj _ Hu B8
' The flow rate of the main stream liquid may be measured before or after
the portion for degassing. \
In the present invention, when the injection of another liquid into
20  the pure water or the ultra-pure water is conducted in combination with
the dissolution of the gas, a portion for injection where the other liquid is
injected is disposed at the piping for transporting the main stream liquid.
The portion for injection is connectgd to the tank for the other liquid via a
chemical-injection pump. Since the liquid supplied as the other liguid is,
25 in many cases, an aqueous solution, the other liquid is hc.}mogeneously

mixed with the pure water or the ultra-pure water of the main stream
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injected is disposed at the piping for transporting

the main streamliquid. The portion for injection is
connected to the tank for the other liquid via a

chem cal -injection punp. Since the liquid supplied as

t he q;hgr liquidis, 25 in many cases, an aqueous

sol ulliiqoid rdlively besily. | qliedlovsrdie BPARIGRES liduidU2498b controlled
with the pure water or the ultra-pure water of the

mai nb¥Eithe pisereniohef the chbmidalehjgctias php. The thé She manner
rate _of, the her. I'iquid can_be controlled by the

i <85 dhit fndugteanole ismobaion of G can thafn tate ohhe main
SanmeBAACE St opducted in the gdissolution, of

the gas. f%%m? Islgvé& (?%astu ge‘ggy t%glOWa‘i“ﬁEerst %ﬁrﬁ 1%, 0bfgined by the
neastieauinehtlil S ABAR a mEERa @ Sr Qpéﬁbm% th¥ tﬁfols}f“raée built
measurenent is input into a mechanismfor controlling

the ¥ the clatgichlinjdction pune aaldeicCahount] &Ci@fioR WRhe liquid
and 1 he anmount of injection of the liquid Into the

mai ride themain gipamilyvidisconttolied. | n the present

i nventio Hhe other. |iquid dissolved ipto the main .
stream | iriautlhg PSS HO PR P g rgtpey Felﬂi‘%deé%ss@%%ﬂ'@sth@fmm
the @ideh Hdueld 8 nod Qal 1BHHERUS i_ons,; of ..
al kal i s sucdh as élr?rr%ni‘gﬁhgggi um Eg'dr%%ﬁgéf,espogttggs%?ﬁ liquid

Kydriogivde apdotesdlatividyl AMUBIisUR BY dnixhds; s@RURONIroxide,
sol utions of _acids such as hydrochloric acid, sulfuric.

aci dPotagstymc hydraxide apdr detravretieylavindonipho Sphieotide;addueous
acet | i d_and.oxaljc acids; and an aqueous solution
of r%?g‘rtg‘% N aFds, Seh 2 g‘#'a{%?ﬂ@’f& agife suilfurigundd, sifeie acid,
15 dRofil al Ui f la. and.an aqueous ., .

ol ur oG aB pbRoR SRRty B SR g opa an

anmaquac@ solthiich of lhyfdgen dertkigan RenixteRAof ﬂﬂeg& Iiﬁuids such
1gresent i nvention, a conbination of the gas and the

t héf 2 miggf ssoletjorpef @nwsolineand ninoageugBidutsn & Mydrogen

liquid .The anounts of 20 supply of the gas and the
ot hﬁ?’g‘i’?‘g% A P ch 8oL, ob emRI Hud ydeofluseic acid can be

‘used.

In the present invention, a combination of the gas and the other

liguid may be dissolved into the main stream liquid. The amounts of

20 supply of the gas and the other liquid into the main stream ligquid can be
controlled in the same manner as that for the single supply of the gas.

As the gas and the other liquid to be dissolved in combination, a suitable
combination of the gasses and the other lguids exemplified above for
single dissolution can be used. For example, when hydrogen and

25 ammonia are dissolved into the ultra-pure water in combination, the effect

of the functional water to remove fine particles can be enhanced.
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controlled in the sane manner as that for the single
supply of the gas. As the gas and the other liquid to
be di ssolved in conbination, a suitable comnbination

of the gasses and the other |iquids exenplified above .
for single dissolution can be used. For- exanple, when _
hydrogen die @esanmnipReatiod @ ¢b55abfAH sinft $hd Rectional water is
ultra-pure water in conbination, the effect of the

f unctauépmatigalie preduced v acchidemcp awith cihescleage 4@ the required
enhanced. .1 Thtg present invention is very useful

si nc &Y Qe n Al or fremple, svhen, thaimictianalywaten du sepplied to

' ] | h in.th i red t

of odolr Aiafind! Mhchiies CHAROS TR (O L i camgnt of 5

sappllites/hutk 0 cl i l.hesee r irin
oo e p6aght, TRGNRP5e Al DAL preen o

-vvater_in an anount of Iters m-nhu .
amoulitexfiimatiedn 20Hitaganihat @epondnglohitBE /cGi’%dlfiﬁﬁ of thfleaning
e

liters/m nute depending on the condition o

cl eamq‘s@n% PrfE%Ct(@Iag wajieicis used omabveused. Uked @iventional
not .l n.a conventjonal  apparatus,. the supply of

t he ?ﬁﬁ%‘%""ut‘éﬁa S SHPEN o $he S waerig sortgraadanit the constant
condidrid@BoRf o290 ! §; Sl AU & d t.he functignal, ter

in the excess 10 Iéér?g%nt |es% éﬁ(slc aer%'é’bmfof' 'vfa%%r n the excess

-£0 eaamogntiic Hisokscged ford thé PR adRRALRHes P erddt GHY GhPlratus
thee{#nctl onal water. In contrast, in the present _

i nveltrirgaducing ébe fimstionnlavateat ebr bantrary, inhibeQRBSIM Rhvention,
concgnt ati&.on can bﬁ ,rodﬂced in accordance with the

r equitedRcUpRA Y atst ﬂﬁ'l“@rt 8 fAeRgtARt epnsenigpfen odn baproduced in
excessortlRint i_onal ter. can.be ayoided. .
15 1t 1's a go“?mﬁéépﬁfeﬁ‘%kﬁ%@?‘{e}’am{"h“ CVatgE Anfl ghe fStharED @f the
of téxvessdnaounbief thb disdticRaPlyala! G BeSavdfded €qUi I ed

tenporarily, the flow of the functional water is
Pont i nuedt thalse wildy epuldwaed thandutingrths Petibdbf time when the

det er.i or.at i.on #g.the qual ity of the functional water
FHEPAINVRIRE 15 00dr seanged femperasgiyokhe flofv b the finactional

it ﬁeﬁirtﬁ:\é§ Rt @OnQhudd ﬁhhéﬂl{eegrdfﬁllgrvj\rl (i:osndgt(l)(?nd S0 ttﬁgt’ d(ietéxeib:’ration in
the quality of the functional water remaining in the appa.ratﬁs due to
growth of bacteria is prevented or the limited flow is conducted, i.e., the

20 flow of the pure water or the ultra-pure water alone in a small amount is
continued while the supply of the gas and the other liquid is stopped.
When the ordinary use of the functional water is resumed after the
limited flow, the flow rate of the water is increased and the supply of the

gas and the chemical is resumed. At this time, in the conventional

25  process, it takes several minutes to several ten-odd minutes before tile

| prescribed concentration is achieved and the cleaning cannot be conducted
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20 flow of the pure water or the ultra-pure water
alone in a small anmount is continued while the supply
of the gas and the other liquid is stopped. Wen the
ordinary use of the functional water is resuned after
the limted flow, the - flowrate of the water is

i ncr dusiag thil trtalnei tuppdriod Thhecodaicaasth iR ﬂ%@éﬁt‘;ﬂvenﬁon,
|srg§u d. At_this time, in the conventional 25
pr oc &8 1unctiopgk wateyrdvaving thé nrrsesibed comentrakioh eandsidobtained

m nuf efore the rescrjbed concentration is

achi Eé\gél&%%\%gfy t ercqeggm% tfé%\ Rlearingeby: eppitnuiag the supply of the
duri pgs b $hd FR0SLT i .| n_aceordange W h the
presgnt inve%lon,(ﬂ]@hnaép%lﬁc t Bhafeordanse W FIFth?WéateOfthe

p§ eswatdratlntgnaRiihabd fawcan be obtained inmmediately
after resum ng the cleaning by continuing the supply

of the ¢&s desmiledealodvenithalwater TOnEIBE! a | Assolved gas in the
accordance with the flowrate of the 5 water during
.t he PReRFERRE pquspniration dthe funstionbbwater) Ivdhivtatie obtained by the

cont al.hi a dhssol ved gas j.n the prescribed - )
conc@r{{}ﬂ?r gg}so% t&]terperef?fﬂ "’8#5?’1 e enntinpous Kisselyinnapha gas is
by t Lia@ R4 sgnt_invention. for

cont%i%llj ous dii ?g%lﬁ%%{t%hﬂgflggagags‘}%es& %3]6%??]@1&3 9f yse where the

9 piwagsr iousicthsudechiag waiter fhd BRFHEcPRb M nSert walSE NS5 B ronic
the 10 water is used as cleaning water and surface _

t r edeAterRlnatlde functiohaktvaser maymbt etramdferreddivectly from the

functi.gnal ter be transferred directly fromthe

app f&)ggﬁémﬁ \(/I;\?ar ’S‘F%OE‘Z%BR ?‘bﬂlet RO FRf3te 9 g a5f be tampyranily stored

be GePLRdLb) ¥ | a_water, t gnk and, . .

‘thereafter ,t suaﬁ]_;gilt %Ee(gctths&% Ee%rugu pp%ﬁdntlogtﬂ\?iuﬁeé’o&fﬁmlﬁl a supply

pi pirigngfoft tie cirevlution i t9Pe tiraRed Q{ewéexp%ﬁ&%ﬁ&e} REnk and the
e

wat er . tank and the 15 points of use. Wen t
1P un®einds &F ust Vhen thefunetiodabwates i aethusol @ iRkl in a small

ool b AR, oy el ghachanthad van o not
It Reagcgffﬁggazgr@{ﬁ‘ﬁ{éﬁ% Plﬁﬁ'h? a%s?%#ﬁ?%tgv%t%hﬁt\ﬁ@%: g%cetsg na%ngllnat but

returns to the water tank via the piping of the circulation type. Since the

recycled functional water containing the dissolved gas can be reused witiz
- 20 little change in the concentration of the dissolved gas, it 1s sufficient that
- the fresh functional water is supplied into the water tank only in tile
amount of a decrease which is shown by the lowering of the water level
from thg prescribed position. A meter for measuring the water level is
disposed at the water tank and the construction is formed so that the

25  freshly prepared functional water is supplied into the water tank in an

amount in accordance with the water level. Since the concentration of
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recycl ed functional water containing the dissolved gas

can be reused with 20 little change in the

concentration of the dissolved gas, it is sufficient

that the fresh functional water is supplied into the
water tank only in the anmount of a decrease which is
Showgh® Bidshere i QMBI firom t he

prescri bed pos :g:ﬁ?;% %ﬁ%?t&%ﬁﬁ%ﬁg ﬁ%ﬁcﬁ% btY h'!eﬂev\%fp&r atus for

| evekontgnuahisspissiddtiad of klee pedseht iavdniRRdedd Be controlled at the
constructjon is formed so that the 25 freshly prepared

f uncOpBred veliecthy eoncentphtienl of the gakén whe dundtivnkl watanto be

t ] ith th t I . Si th
conoBiel FEREH ¥ 6o PiicifaiTiripe o gaimetsd ehbhe same value as

f InCHH t .appar at us,f.or .. 3

C% nt F%ﬁi%tﬁ% el}él\iﬁ{slgfc;ll1 %t? ?g% g%go-]t%% Sensle RF aRFed dinsHions), wager n

cont thel | wakteat thhk (6lesihieeGiymlglcof t(!ih%ul:z?:[bﬁ?m F §hbfRod  the
y

the gas in the functional water to be reshl

supptonseniratiomeof Wee addétdanknroasnbm de fisicon &t whfae stppEBed to
valuge as .5 the concentration of the dissolved gas in
the EFUREES Chase o bodieat conpstamlicandatlee cleaning of eldetronic

i pi ' ' 4 L fore, th trati
ot "R ELE Y BB B RBIRR  onal Tveter
ruppl i ed Figuret rﬂeslﬂﬂ&snﬁspﬂ(:eéé.sﬁoﬁragl%m _&enh gn%%%%%%t of the

and the cleaning of electronic nmaterials can
condwppaeatusi éthilst pirskit ynveh@iohi gl Ghis SRABYEINAR! ACRTRtional

)

flow chart of an enbodi nent of the apparatus of the
pr e SEHET itAkentipesh for pemagiiing dinsopartinhes isapfoduetd dyalissolving
ine particles is

t d for. r. ' f
o od e ke &b hing = fhe ByenDam waiion: dispovest epees are
e ol r o e s e PR SRR P 1 PR gonihous for

the ultra-pure water menoran

Idegdsst@iss'glg?’? and, ana resul§IHé bapddiy 9ARMolVYa bOs i S$ALUEA for
a gas is.expanded for dissolving hydrogen. The flow
r at L5PIVing hydepgenedThe dow mate of Whkedegnssedneltmipert yter is

a T LOWsIRE 'i)yga aﬁgwtrggteii gna%ld itﬁe Sseiglgaltfs 2911??03 af lnggs flow
controller 9 and a chemical-injectioﬁ pump 14, having the function of
controlling the flow rate. The amount of supply of hydrogen gas from a

20 hydrogen source such as a hydrogen gas generator 10 to a membrane
module for dissolution of a gas 11 is controlled by the mass flow controller

9 in accordance with the flow rate of the ultra-pure water and then a
prescribed amount of hydrogen gas is supplied {o and dissolved into the
_ultra-pure water. In accordance with the flow rate of the wultra-pure

25  water, aqueous ammonia in a prescribed amount is added at én injection

portion 6 by the chemical'injection pump 14. The injected aqueous
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controller 9 and a chem cal -injection punp 14, having

the function of <controlling the flow rate. The anount

of supply of hydrogen gas froma 20 hydrogen source

such as a hydrogen gas generator 10 to a nenbrane

nodul e for dissolution of a gas 11 is controlled by

t he rasmiohi0n lepidgeabdily mIxddbAGEH BG4t 18 ah 8% functional
flowrate of the ultra-pure water and then a

pr escrateedontmining dissblyed dyelmoggas and Smphi€ds tRoddd. The
di ssolved into.the wultra-pure water. In accordance

wi t h TRISERER pprtion & wmay badlisnosed aur podBonat dhe vasremmsof the
amoni . i r escrd bed unt .i s added at an

i nj e%%h&n%o@??%ﬁ fJ%‘C @’ﬁs‘{ﬁﬂ on. gk figas| L1 o theppembyaneppparatus
14. Thedédissmlzer UpeH 1 1@l ' eneous

m xed by gz;ﬁn i Eleiidngﬂm' xe?asf'sﬁaeﬁ%gégmfrﬁﬁ%?ﬁl %ﬁ’gogorvé?sé’i“dm of a
cont ganildgodiths mhemblrahy dengesnanthraddmBiidg| B nRlONREd as a
The injection portion 6 may be di sposed at a position

at t Meagsdoy misnsin piase oftiindine mixdul16. f After the concentration

di ss tion of s 11 or. the nmenbrane apparatus 5
for g%éha% PRg Asiiivediia ghe ofunchiengbrunighcisroueasurebrby a
di ssginebhftigh niﬂﬁ'sfo}&isgcflv&f' ﬁggﬁ)gg)% eamﬁjﬁiﬁasa%q%as&r%& by a

degassing 7 may be used as a

B aceHahetelnd 7i okl th8 &k8] #RfudStor ¥ bvltet ﬁetrgﬂﬁgﬁ'@{l g@gdn%] points

of hydrogen dissolved in the functional water ,
meastfrese- bylhg copendentianamboitonfuri dissolveat hplgal Yednd the pH

hydroggen il,? ant?‘ﬁﬁgfi s neasured by a 10 pH nmeter 17 or

t he THFIE&, * 1 198 § Srransohifer confinmingsthat ride wocednation of
poi T ent.ratj on njtor for

di S%ﬁgggémﬁgg%eeﬁﬁ fggggtoﬁt'ﬁg dﬁﬁreﬂg’f‘j&%i? or the like

are used Higiirec @nfhdwd R0ptdeals Has, %ﬁglgteﬂf 3t bﬂlﬂo(ﬁhem of the

hydr ogen and the pH are set at the sired val ues.

15 guanpazatidias sepplyogess-disolvedhaaterdh fanctesO dat@d utilizing
of ttge 15 afpa atus for supplying gas-dissol ved water
(a fURCHPGRATISWET SPRtipReYs dispejutipheofaibieapresent ingention. The

CONt RUPMSsIh §8{)ﬁwn%nga(l)sf-ditssho?vgd’ a enrt isi cr(])\xlneprl'}sie ndf aTFu%ctional

water production portion A for producing a functional water and a

functional water supply portion B for supplying a functional water. The

20  functional water production portion A has the same construction as that of
- the apparatus for dissolution shown in Figure 1. To a piping for
supplying the ultra-pure water 18 to the membrane apparatus for
degassing 7, a valve 19 is attached as the means for adjusting the flow

rate of water. The flow rate can be adjusted by the valve 19 between zero

25 to the desired flow rate by adjusting the degree of opening of the valve,
The valve can control the starting and the stopping of the supply of the

17




apparatus for supplying gas-dissolved water is

conprised of a functional water production portion A

for producing a functional water and a functional

wat er supply portion B for supplying a functional

water. The 20 functional water production portion A

has tliragare waes khaGlld

for dissolution shown ?drithe?gﬁVﬁ? %rgh%ngur‘gp ﬁSJ ?v%rlﬂg‘r. As the

suppiyeang fohadiubting theiflawwateof 48tdroa bhabHBBBAILS valve and a
apparatus for degassing 7, a valve 19 is attached as

t he REFHLMAYbexsedin plage ofithervadve. rate of water. The

flow rat eInc:ﬁpe?g %gjp te bg'tqe valve 19 between zero

25 to the désiret WAL SHRPIY paglen By & materetande2bfand a
opencreniaki Val L e ty ol .the

starting gﬁglb?%%égyg%g} ;rl;%ﬁ%%@it%ea ??ﬁ;%%%gﬁmm € vjater tank 21

ul t r tovparde poitte of asdand aGibhey £3°Potdahi: Rbmifhe oini%s of use to
ultra-pure water. As the nmnmeans for adjusting trhe | ow

r at et Wﬁ&ﬂféﬂ?ké’lcﬂ?ﬁtﬁimecbn Iof thee Mpinge23 Rdpw@mp (P3N disposed

may gsetﬁse(%i/i.n pl ace of the valve. In the functional
wat ef° SUpprYPeriofsse Br surplyme thefundionall wates through the

cirg i el t copprisin ipjng 22 from
he s RthR Sy el BA) SCBRR 2407 fibslat a sphemgat the
ap' deinstidang of KRN poj . t ter .
tank 21 are diosposgjd.ﬂﬁl) n%%p#%ﬁ %’9&%9 2 tgghn%@fg)sfeg mﬁh a
di spesen30 ae thajethdriratiengasbiy sleiefdad BaRRhY hBGoddlRre. To the

functi-onal water through the circulating piping
systEhPARGe Rorton of the mwater ganle s pibedbr aupdging peding gas 26

t he; r f,the pu The ter tank 21 is

1 oht 1y RRE S D ot L otttk e cealedngnd a
IS ghoredtlder tHehalghes at T, ase. .
"portion of the water taa%%,spsgﬁ%lﬁlgg o?ﬁgtu%%?%e% S inside the
I3ealatgr tradk @t bé betamnsting dlthoughabistib @t BBéwWe i9thd Peure.

wat er tank canﬁf}go sealed _and a portion for
di s a'%hg?'l B Yseatori et snaling. she shoke gaseap temsamdained in the

er tank can ept .constant _al t hough

It E?gg%ﬁ%gl[vgg ﬁ%&\?%r or axl iner ig@ﬁrbsglp as nitrogen can be used. In the
former case, when a plurality of gases are dissolved into the pure water or
the ultra-pure water, the change in the concentrations of the dissolved

20 gases in the water tank can be suppressed by using a mixed gas having a
composition such that the pressure of each component gas is the same as

~ the partial pressures of the corresponding dissolved component gas.
Therefore, it is desirable that a mixed gas is used. To the water tank, a
piping for supplying gas-dissolved water 28 through which the functional

25 water obtained in the functionalrwater production portion A is supplied is

connected. TQ the water tank 21, a water lovel meter 25 is disposed.

18




As the gas used for the sealing, the sane gas as that
contained in the gas-dissolved water or an inert gas
. such as nitrogen can be used. In the former case,
~when a plurality of gases are dissolved into the pure
water or the ultra-pure water, the change in the

conc &hersignal frorfthe heatei feel wede?( BaHS0rIeD thEVARE 9D of the
tank,can, be suppressed by using a m xed gas having a
conpBEIctiopal ¥aésr presuction pprténs Ar endtheaalve donpansiclosed or

i tial f th
dor r bl B F0p08s o dfe Whispinan boemse.  rirmsefwebci that the
is desi ' . Ny d. To.t t
L ank O am b Vs k{08 Srl1he (B SuaifS serhal B S gmall as
thr opghibMise thdthbelchBgid RNde BRMALAS PR me&%ﬁ.‘*&%#";‘m water

functional water production portion A1S su
connéctupresseds hEonahisr ptuemke 2ik, isapdbabld eNAl tHEEWRer level
I

25 is Ei %sed. 18 The sjgnal fromthe water |eve
met SPEYEL 45 S fleteck dhe suwrfage pf the) gapflissblwed fuatet abnaposition

wat r t) rti A and, th al ve i s opened,
ol osa PP ME I8, BO% of B RufF 30:  BrdieaBmechoginme of the gas
opemni ortib® efab of,. t he gas
pﬁag’ éjmégrﬁt i on vﬂ fii’nﬂit%hié%\'/\%a!trgre%%%ﬁ Oﬁéhllégg%igsdlgﬁ@f’?gégto the
%%'Sp‘?l'&sé Portion

1§ p@syeoteplsasetdat thieherthbpgesird dfifke g@@ﬁ{eﬂief
t he ggai (1_; ssol ved water is suppressed. For t
e hrpught inte the aguibibrinat it hehvrittine laedahe chRH@S in the

pur §
25 ct .the surface of the gas-dissol ved water
at %@ﬁbeﬁ?{aﬁ% tﬁl 18 %89 ESIPGﬂ

a posi the | ower face of the cover 30. '
By keepi ngig . _phase portion small .
the parti aIt pzrg%ﬂs%h%@fg?fs?%@sﬁ%?ﬁ (gg%i‘{/eéﬁwf‘{ﬁréﬂ?m 1 §'igure
aquéothe fonatienandateh én Plad twiatdr tRHBSYE %re&fsfér?ﬁi 835 (hd piping
e

1]%he gas phase portion can be brought into t
qu? i‘B P paing efiiage by ithe pumg Ehendhhedanttiorddl @vater in an

COnGaLE S 0SSP ST i b SE e ! v

; ;Jggnl itvﬁi;ﬂi;i ﬁglﬁinngg 29’ BniRG RS tﬁl%ﬂléh%ﬁe Eﬁcﬁl%%ﬂ%fp%ﬁg%ystem.
Since there is the possibility that fine particles are formed from sliding
portions of the pump 23 during the circulation and contained in the

20 functional water, the fine particles are removed when the functional water
passes through the filter 24. As the filter 24, membrane filters such as a
micro filter or an ultra filter are suitable. When the functional water is
consumed at the points of use, the water level in the water tank 21 is
lowered. When the water 1eve1 reaches the lower limit, the signal of the

25 water Ievgl meter is transferred to the valve 19. The supply of the

ultra-pure water to the functional water production portion A starts and
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15 22 to sone points of use by the punp 23 and the
functional water in an excess ampunt and not used at

the points of use returns to the water tank. 21 via

the piping 22' and circul ated through the circul ating

pi ping system Since there is the possibility that

fi netlpafléw has A.S . [ Qnti ons of

the bamp 53 aae: o < RRTEF ek SuhHolld bR 3lN<REg (B dogvoc of
the g@eriupofitbnatalvat én,thehRntlifealPRhidrPBTudidh portion A. as
removed when the functional water passes througﬂ ghe ’

fi |t 8hovway in pthet Hescriptions forl Figershrartke fdw ante sHahe awpplied

a rq;ﬁrraq fiIte{ ar an‘ultra filter are suitable. Wen
the FURCEMShERteRS measered by thefiow meterfeand the gasoifor example,

use, j t e ' e water tank 21 is, |owered.
When %dr%gg%t E{ b}eea\;ig%d‘kega%q&gst h'g{tFaORHe Matpy 1s tSW\é\PﬁlEd to the
si gnabmbfaid®o0dhle@) @lsshi) Ak 1 f
t he val ve 19. 0Th.e suppslsy ‘gif%htogg ﬁ%litlﬁﬁé%%?gﬁ%]togﬂh% glow rate
t he uareotdsmae with dhe pabei obiadieddby tthe i éastirahbst, aNthus, the
19 the flowrate of the supplied water is controlled
tbﬁ MR g VR t@@g}ﬂ@e ﬂg¢ sta@m rciongin_ttauidrAm asalthaa‘,h of rthe gas
e § [ . pr,oducti.on. portion .as  shown :
AR o BB e 18U e rpalis greduseds Hen th
Bupphined mdider2-tRE" : i S by the flow
meter 8 gln_d t he tggsﬁr(e orl?%dxasil?r%q{%? gf ﬁglar%lbe@ﬁfa]t (gfg’ﬁeexmple’
di ssahews Rtmoink iul dbardpte W Ghel So Uik | IhbultRfpure
menbr ane, nodul e for dissolution of a gas 11 under _
con{YeT isradded tp|thovfwantional waserc o Mhanmedutddfubbigoni vtiger is
obt & he, measur nt. Thus, the functional
wat ?fa%%%ﬁ%dg%? ﬁ]ée SUer S%,’zﬁ& &t tempenpriy stored of thehwatprstank
di s e Wi f j Jater in the water tank is
pr ogﬁgged. lIwﬁt}{ Ege 1%%%\9%%%%%%1, Wﬁkeé: Bt zé‘ér‘?xﬁ%ﬁ amsupt and
16f  dbléverbdifor alse (dt0thee¥@it 6 us@HEMS ATRHR) whids tsgrstem.
wat er

. ?gcg‘&gg&%g(f%;ﬁy ;mgg@fﬁugkgtgfmu%?ﬁég :; fhe water tank
toniet 8o Y8 15 o the PR Rk Fercien the uppes Limit, e valve 19
1s closed by the signal of the water level meter. The supply of the
ultra-pure water is stopped and the function of gas dissolution in the

20 funcﬁonal water producing portion A is temporarily stopped.
Alternatively, even when the water level 25 detécts the upper limit, the
gas-dissolved water in a small amount may be continuously passed so that

the cleanliness of the functional water production portion A is maintained.

In this case, a mechanisﬁn for overflow which is not shown in the Figure is

25 dispdsed at the water tank 21 and the excess amount of the gas-dissolved

water is discharged from the water tank 21 so that the amount of the

20




together with the unused functional water in the"
excess anount and 15 delivered for use at the points
of use via the circulation water system \Wen the
freshly produced functional water is supplied to the
water tank and the water |evel of the water tank
r eac hitsrddss“RRRvdd Wi I s closed b
the si gnalrﬁgf t ne‘_r vva‘?%e%er Idégsgflgﬁée%g?&%ﬁ%%ap?ﬁ%ﬁlog%? X'f'J‘FF'é' tank
ul tr&lpur Binvat die iconsdn@RARA 3 diHeN GidsbINER | 04 9h B8 produced
di ssojution_in the 20 functional water producing
azr t iftBﬁcwl}a% Waé:%@l?béz g@jgsf&ubﬂemt tehdeéiﬁeérvﬁmlq ¥edn : ywltlﬁyﬁﬁ, flow
en e er.leve etects e upper limt, e

gas- F‘E‘*’s %%ﬁi Brrg W atersehangeanthentongentradon of the dissolved
cgnt ighdys! ‘ hat., the.cleanliness t he
functglﬁgnal b&a%?%g?%%g% ¢ SRL Wott P °§%%“ﬁa?%féanﬁ@anal water
| n t b sithas easeaviare R L#hs! ! ;

RS y283r 18061 GH g%g g@‘ﬁ%r%ﬁq? gf?co?%rﬁe rapidly

shown in the Figure is 25 dispos he wa

21 antislomdy éx theseprendionit anfl, 248 readt, §hé falowRdal Watethaving a
is di scharitged fromthe water tank 21 so that the
anmouftRshink tacenatipn cal heasuntilisdotovibe mubiar ofdees Mhkrefore,

exce G | f,the water tank  21. Since the
concg]%te%lgfﬁ P oaﬁ)%%?étﬁ% eogtﬁlr“% PEPSPLH 1untoR fon supplying: sap-dissolved
fanciiaesals wage ' t desi red | ue,
even when the ?F%%vﬁﬁlf g?%ag?g%%gguﬁ%t ?’Eé:g %Su?lém\l/\lﬁfgf {fe pomnts of

chanyescant becalboteedniortht veeofanidvh dictsod %EdoihSBiofi th the

~be Ié]tgrgt at the sane value as that of the unused

f unctPeit supalied fundiionnl water ade coheendidniab predesses| sieb it is
int k is recovered rapidly or slowy to

t he %ﬁ‘%@f ﬁ?‘%}r ?H%rf&fﬂcté@ﬂi vateg havipg ' comgtant wancepdrasion is

havi GRS ' b lied to. .
the pormte of uag Janaegr of 8¢ Alheh Wil REpek ndyt s also

Ihe gHesdinthatrtie otn@ntiationSofRRk YiddHly0aSHea 0hYgshat Qater is
water_..i s gfa‘%d the functional water in an. excess

anpfiuste éhp@uamesvaﬂﬂe agdbat ahtleefioetibesal @dtdrant v excess
wat k }%1?“% usgﬂgi n c_on‘ﬁ;i‘ nation with the freshly

s_upgﬁl%gﬁf GRet C%é’l“ BT 10 e BFReeh emoMat ipdissberged, fo the
S| NGAtdille bf collected as the ultra-pure water after the functional water in

the excess amount is treated by degassing. In contrast, the present
20 invention enables remarkably more efficient recycling.

It is desirable that the water level in the water tank is kept at a
high position even when the used amount of water changes since the
relative amounts of the gases in the gas phase and the liquid phase are
stabilized and the change in the concentration of the gas in the water can

25  be suppressed. It is preferable that the gas phase at the upper portion of

the water tank is sealed with a sealing gas and the relative amounts of

21




difficult that the functional water having a constant

concentration is obtained when the flow rate of the

suppl i ed water changes and it is also 15 difficult

that the concentration of the freshly supplied

functional water is adjusted at the sane val ue as

that e gases inthetgas phlastaiEkeptRohfignexCeSS  anount,

the functional water in the excess anount is

di schar gedt i% préferaldatthiatien deat ektleaized i@ sisfiRed at a suitable
er. the functional water in the

uItra-Oo te wat.er af ]
excesy S%{H%H’t hescireulating BRAngeyatest wych ke acpoditias thetween the
t he [ td pn enables renprkably nore

HRERE 23 and e BB 4 B B el ot thi dompeesture of the

_efficient recycling.

| svelwatsr Ghe to\HeHedt P hd PulfPHandle %ﬁgpésglé]d gﬁﬁla;%tle ?%gperature

even when the used anount of "water nges

r el atof Ve motional vodtet ben bakept donstdig. gas phase and the
liquid phase are stabilized and the change in the
concentration of the gas in the water can 25 be

SquT&%ﬁﬁ;es It is preferable that the gas phase at the
upper portion of the water tank is sealed with a-

seal i ng gBBe : jve. ugts of . 21 the gase .
in the gas p%ggse&g?lﬁgg%hc‘gﬂg@n 3G eflsmﬁ?’%fsé’le‘é‘%lcéﬁl’ with
 1hat xefoivent ieuohagein e BUSHAL] tRlvdbes tht 88b&at invention is
position in_the circul ating pi pl ng system such as a A
* posi PoldimHed fethe examplpunp 23 and the filter 24 so
that the elevation of the tenperature of the 5 water
due to the heat of the punp can be suppressed and the
t enpEtALPles Of the functional water can be kept
constant. Exanples The present invention wll be

granpl e i che ot o a8 SRR parei o
nveiefpsing sa faeetidnali deahing whier eXai®l 85 FiEKAT. € The used
ultra-pure water contained 10 to 18 ppm of dissolved nitrogen gas and

0.01 to 2 ppm of dissolved oxygen gas. The ultra-pure water was passed
through a membrane apparatus for degassing and degassed until the
‘concentration of the dissolved nitrogen gas was 1.5 ppm or smaller and

20  the concentration of i?he dissolved oxygen gas was 0.5 ppm or smaller.
' The degassed ultra-pure water was supplied to the dissolution portion.
The signal of the flow rate of the ultra-pure water was output from the
Karman’s vortex flow meter and the amount of supply of hydrogen gas

was controlled proportionally to the flow rate of the ultra-pure water by

25 the mass flow controller. Hydrogen was dissolved into the ultra-pure

water at the dissolution portion having a module having a built-in

22




Hydr ogen-di ssol ved wat er was produced by using the .
apparatus for 15 producing a functional cleaning

wat er shown in Figure 1. The used wultra-pure water
contained 10 to 18 ppm of dissolved nitrogen gas and
0.01 to 2 ppm of dissolved oxygen gas. The ultra-pure

wat er PRSSE ne._a atus for
deg asgsaiéﬁgar and d% 5“ égé‘g}fergﬁg %{%H@E@[&C‘gﬁ%gﬁﬁvgﬁ% Frasrprpguced.

di ssol vedThetprodertiogasf #sh APHsS6lyS
the concentration of the di%d;nged Sox}’gﬁ%@?%?%&%@r the

ppm SPREkaR| of e, flow weteddghe sdttatiire avaer 6f IRLESrsM@Siute and an
P St R oS i, St e
(he PR AN RS LS S e
to ! beerbhaiutalatied! 36 hitinebd a1 YibesliRhlie DY AP ehSimares, 20

mass_flow controller. Hydrogen was ssof v
ul g r ht@ﬁ’mpuv@ataﬁﬁr ﬁﬂt tﬂ_iﬂuﬂzizsg 26| kit YMiRRfe bRBr NAY Rndtes, 20
modul, ving a built-in 22 ------------ .
gas- b%rg@ﬁw hn{;?fﬂawgnﬁttﬁg, %ﬁdf:mlf;ﬁimudé aftet 150 nviak€ds and 20
was - uction o e

hydrnggagn#lgﬁgtgola\ﬁgg &g‘?e]fm%‘ftﬁﬁ ed Bfn@spdugtion ©niiet ihydrogen-
o adifsmvwﬁa@r%astdaﬁduéﬂeﬁ??ﬂg{e%g%@ file gﬁﬂﬁﬁa}%ﬁgﬁ o

l[iters/ mnute and an anobun

260 m / nillet Bow Afdteroft fie altes-pud vidler, SR’ SEMGHE VP supply
the flow rate of the ultra-pure water was cha%teg{'&"t%lpply of

10 Widrezey andube eppcentratomiofiyesogetSin itheris/dvb@ist-Gissolved
aft%atgpﬁﬁ&uﬁg%#g@ﬁhﬁe s/mnute after 80 m nutes,

25 l1ters/mn fitpgasesemays are shewn i Tablke 1.
after 120 mnutes, 2 liters/mnute after 150 m nutes
and 20 liters/mnute after 180 nmi nutes. The

production of -the hydrogen- 10 di ssol ved water was
conducted for the total time of 200 m nutes. The fl ow
rate of the ultra-pure water, the anount of supply of

23




hydrogen and the concentration of hydrogen in the
hydr ogen-di ssol ved water which were obtained by the
neasurenents are shown in Table 1. 23 Table 1 Tine
Fl ow rate of Amount of Concn. of hbteh gltra puze_ )
supply of dissolved 5 water hy, en hydrogen mn
(liter/min) (n/mn) (mg/nin) 'F"P?e%b 45 251 0.08 5

10-.0A ’)E7 1 11

19. 735256 0.8 101019442’5/J.UJ. 14—19-6425F+1

17 19.8§ 257 ate 5y 1 g Ao 2? 1, 1§0nc25>f19 53 256 Note
1.52 15 30 10.84,035 1.1 ‘??% rate édtra-pure 35
10. 64kd2 Wat GheMas) chang 12 4% 7 136 1.11
50 1078438344220 60 1 1q2 1 ow rate of

ultra-gure 65 154527 200 wedier was chagged 1.10 70
.35 301 1.15 807319. 65 25%61. 15 fl owgpat e of

i 19.24 257 1.01
rafure 25 19.64 257 111
17 19.59 267 1.12
20 19.75 256 115
25 19.53 2566 1,12
15 30 10.87 185 111 flow rate of ultra-pure
water was changed
35 10.64 182 1.12
40 10.97 136 111
50 10.78 138 i.12
20 60 15.18 192 112 flow rate of ultra-pure
water was changed
6b 15.27 200 1.10
70 15.35 201 1.156
_ 80 19.65 288 115 flow rate of ultra-pure
25 water was changed
90 19.88 256 1.10
100 19.66 256 115
110 2421 323 114 flow rate of ultra-pure
- water was changed
30 113 24.08 325 1.15
117 24.35 327 1.15
120 19.98 260 1.14 flow rate of ultra-pure
, water was changed
130 19.72 257 1.13
35 140 19.83 268 112
150 2.05 26 1.14 flow rate of ultra-pure
water was changed
160 2.04 26 1.15
170 2.10 26 1.13
40 180 19.94 259 1.11 flow rate of ultra-pure
water was changed
182 20.09 258 111
185 20.10 260 1.13
190 20.00 259 1.14
200 19.97 257 1.13

45
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90 19.88 256 1.10 water was changed 100 19.66 256
1.15 110 24.21 323 1.14 flowrate of ultra-pure 30
113 24.08 water was changed 325 1.15 117 24.35 327
1.15 120 19.98 260 1.14 flow rate of ultra-pure 130
wat er was changed 19.72 257 1.13 35 140 19. 83 258

1.12 150 foult '
wat er vvas%g%gﬁég fﬁ](? t}%p%‘?@‘llj@otﬁ?? gﬁé ﬁYi@gﬂmdlSSOIVBd
180 %k :

i Sl e e
20. 0Gva2&9 of . Aout4 30 2Bferd/hifte2 Sihel c&ﬁcen@rdati%ﬁ g’ Qi 'dﬂsgolved

Tabl when t he (ﬁroductl on of the hydrogen-di s50l Ve
wat e Y HERgest exceededudd mabtaronftet | 10 iihutdie ahHOWABLE 1.11

% the u‘!trﬁﬁﬁgu%ﬁ water of about 20 liters/ m nute,
t EheEh i bh miputeseand $he| coaditiony whighecare beeedddas the

L OORTBAAE it e YT e SR e cupios
be uAédr ake tshﬁt of the production, the amount of the supply of hydrogen
was automatically controlled in response to the changes in the flow rate of
the ultra-pure water after 30, 60, 80, 110, 120, 150 and 180 minutes and.
10 the concentration of hydrogen in the produced hydrogen-dissolved water
was always kept stable within the range of 1.10 to 1.15 mg/liter. .
By using the apparatus and the process of the present invention,
the formation of hydrogen-dissolved water in a low concentration was .
| prevented after the start of the production and the hydrogen-dissolved
15 water always having the prescribed concentration of the dissolved
hydrogen could be produced. Even when the flow rate of the ultra-pure
water changed, the amount of supply of hydrogen was controlled
proportionally to the change in the amount of the ultra-pure water and
therefore, the hydrogen-dissolved water always having the prescribed
20  concentration of the dissolved hydrogen could be produced.

INDUSTRIAL APPLICABILITY

In accordance with the apparatus for continuous dissolution aﬁd
the process for continuous dissolution of the present invention, the
25  solution having a constant concentration of a gas can be obtained with .

stability even when the flow rate of the main stream liquid changes. In

25




functional water for cleaning electronic nenbers could
be achieved. After the start of the production, the
amount of the supply of hydrogen was autonatically
controlled in response to the changes in the flow rate
of the ultra-pure water after 30, 60, 80, 110, 120,

150 1§ 1 QUL 10 t trati f
nyar dncst R AR 1 38 G RARGYE a to laszonc

al waysatesipls sthadt @andidbAyv iR e 0f. 1. 15

my/liter. By usi ng the appar g?%ggg‘ngpez%%l%%oeégs%u%?% can be

t he prepled witheehlosoand thé elehoingetkéRhedt or the surface treatment
s

hydr o%‘[(‘ei)- di ssol ved water in a | ow concentration wa
pr evERT 08 captasted ath exgellent renvedwribititct | Wheandshiid flow rate
hydr ~ql lved 15.water always having the .

pr esgr i g%ag%%cvﬁ%? At Mmeedige é?‘§§3FWBchq19@@ggmond1non,

coul ehdernRe ) w rate of the

ul tra-pure ﬂ%gtﬁgl? of aeﬁgaésmlg%#eéagl%%ﬁimé?n%uﬁﬁﬁ% i3 plways kept
hy dr cgpstanviahe tinterlak fefdlstablRRagbA 19 Bl Yath® ahﬁ%hs ?&qu‘i water
in the anmount of the ultra-pure water and thereforeé,

t he fARoBeYertedsol ved water al ways having the

prescribed. 20,concentration of the dissolved hydrogen .
~coul'd be P38 UEREA2PR BT fTAsuppECasy tissolved water, unused

B omneAE e b PR Btbi i B Ftletling reusod.

di ssolution of the present invention, the 25 solution
havi ng a constant concentration of a gas can be
obtained with stability even when the flow rate of the
main streamliquid changes. In 25 particular, 7

cl eaning water or surface treatnment water used for

el ectronic materials which particularly requires a
preci sely clean surface can be supplied wthout |oss
~and the cleaning treatment or the surface treatnent
can be conducted with excellent reproducibility. Wen
a small flowrate 5 set for saving water is increased
to aflowrate in the ordinary condition, '
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the concentration of the gas dissolved into functional
water is always kept constant, the tine lag for
.stabilization is elimnated and the loss in water can
be prevented. Using the apparatus for supplying

gas-di ssol ved wat er, unused CLAIMEnctional water in an
excess anount can be collected and reused. 26 CLAI NS

1. An.apparatus for .supplyin ter cantaining .a .
i ssol'ved gatPRitEh i S HUE At ippe ¢ gyvolved gas which
produgimgistdre water containing a di ssol ved gas

conprising: an apparatus for dissolving a gas which

conpri ses a gfdrown niet eprodeciagr iheg watdrl cvntaatieg of dissobved gas
water or u|ltra-pure water and outputting a signal of

a val HEBBETE ned by the neasurement and a mechani sm

for controllin at | C ant.rol
of a gas to bega iagg%%tgévggr?l%%%%eg]%%rvgﬁlﬁgf (21}18@%3?%25}
ul t r ampté encbiriip DAGK FateBf hhre vedte R ulirilpite WdteandRtputting a

flow neter, and a nmeans for adjusting an anount of _
wat er sighdl o az@jugsibtaingd bantbe measusémenteand aracahaniem fayrcontrolling

the ul ra-pure.water supplie o the, apparatus for

i 55 of PP WG ool B B0 ohe e LRBroR i e pure water
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gas in an excessaaiforadiusihg el amsumelf wase trhivh adjuseambhmount
of use, a piping systemthrough which the water

cont a¥intheg Puredmeies| viethe yhie-pureviwatir swpphed dethe apparatus for

tovvar(lﬂ ol rlqne :Poaisnén of use and the water containing a
di ssol ved &sgl h™an excess amount returns to the water

tank, anda portion for supplying the water containing a dissolved gas
comprising:
a water tank which receives the water containing a dissolved gas in
. an excess amount which is not used at a point of use,
a piping system through which the water containing a dissolved
gas flows from the water tank towards the point of use and the water containing
- a dissolved gas in an excess amount returns to the water tank, and
a piping for supplying the water containing a dissolved gas which
supplies the water containing a dissolved gas obtained in the portion for
producing the water containing a dissolved gas to the water tank; and

controls the means for adjusting an amount of water based on a water
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a piping for supplying the water containing a

di ssol ved gas which supplies the water containing a

di ssol ved gas obtained in the portion for producing

the water containing a dissolved gas to the water

t ank; lewdintlenwated tank. he means for adj usting an anount

of water based on a water 27 level in the water tank.

2. An apparatus for supplying water containing a

di ssolve as _accoxdin to Claiml, .wherein the water ..
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gas is a sanme gas as the gas dissolved in the water

cont awith pgaatiati Hschpdyingasseald® gas and the sealing gas is a same gas as

the gas dissolved in the water containing a dissolved gas.
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