;e3e.t.14J6 Ttxa CONTI NUOUS DI SSOLVI NG DEVI CE, CONTI NUOUS DI SSOLVI NG
METHOD, AND GAS- DI SSOCLVED WATER SUPPLY 5 TECHNI CAL FI ELD The present

invention relates to an apparatus for continuous dissol uti “Ecess
for continuous dissolution. Mre particularly, 10 the pre%%“‘“‘\[“%ﬂwm n
relates to an apparatus for continuous dissolution and a rocglsasgtor

conti nuous -di ssol uti on which can supply, w thout |oss, cleani nd wat er or.
surface treatnent water used for el ectronic t rL‘th}s \/\g g rtjcularly’
requires aGOMIIBLIQUS BESSOLVING RRVIGE, &0 Bﬁé‘ Us ké gﬂgﬂi‘k&ng wat er
for cleaning cont METHOD, ANBSGARDISSOWEINWATER &PBhYd with the
apparatus for continuous dissol ution. BACKGROUND ART In the wet cleaning
process for electronic materials, the so-called functional water for

cl eaning which is prepared by dissolving a mnute 20 anobunt of a specific
gas or a specific chemical into ultra-pure water has been recogni zed to be
useful and is being used nore w dely. Apparatus using a nodul e having a
built-in gas-perneating nmenbrane in the portion for dissolution or in the
porti for degassing and dissolution are widely used. These apparatuses
are useful since the entire ambunt of the gas to 25 be supplied can be

di ssol ved as long as the concentration does not exceed the concentration of
saturation when the main streamliquidis 1 prelimnarily treated by

degassi NOTECGHRYEAL FIEEpPar atus for dissolving a specific gas such as
hydrogen or a specific gas and a specific chem cal can provide a functional

wat er contai ni THet PResdd$ Diventforchem©ea! td M h&ﬁ&%&éimdck?:pﬂﬁ&mg ation 5

only when the main streamliquid is supplied at "'a constant ow rate. Wen
t he amoundissélutiopphudcd pirbeesstfon cohtid@dubi dibédlufibangiordUgaititul ¥y, out si de
fact-ors or due to saving of water, a problemarises in the practical

oper dt0i onthehpresend inventinhradates tof an ppgeatuy forheomthewd s Rissolutim pr oduced
functional water fluctuates. 10 During the period of tinme when the :

f unct i onanda prodess fox costidnovs chisiobation ywhighsem bupply, iwithéut lossai n
stream | i quid, al one is continuously supplied wthout supplying the specific
gas. Thi scleamnings watex pErsurfags teatment vatencusesaforoglectroninmaterinls , at t he
start of tggp period of time when the fun(itional water_is used, it takes a
consi der afhieh Barticilarly; raquires a preaselyaleam syrfacaand toan anpagatus eaches

the prescgibed vwalue and ig stabilized at.this value after the start of the
suppl y o?fofh%u%%lggfg i £s.§°rT8ﬁ’§‘Péﬁglqofga%gcﬁn‘%€ﬁﬁ?’ﬁfii &% JTMCHe1Yi ssol ved

ply of 55,2776 & rEEHAL 8P ofhiHeti ssol
por { fan (o OfE8 SIBE S apPak i lof BofnBHbeUlss AR ool “The Gown ot 7 cam

side of the dissolution apparatus and the anount of supply of the gas to be
di ssolved is controlled, is widely used. However, the desirable results
cannot beBABIEGREOUNYEARMeEN this nechanismis applied to preparation of
the functional water. The reason is that a functional water having an 25
undesi red condanthatvweincieaniig paoesssafor| elasironi¢r imagetihks, phei dcdlled i ne | ag
by the feed back and the hunting phenonenon in the concentration cannot 2
be prevedusdtionah witen fohealeaniogl wWhichPiDprepared by sdissoldiigt admifagy ef or e,

an apparatus for continuous dissolution and a process for continuous

di ss@Put iagnount of acapeaiic gaaior 2 Hpeoifiml chemishl ik Glinatpuraabatertleas . e.
the condition in which the concentrations of the gas 5 and the chenical can
be kept 188 kecogpizedbn-he usefyl and datheing uspd mere) widelyamApparatushanges,

has been desired. 'lI;Pe present invention has an object of, providing an
appar at uN§iBg 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
25 be supplied can be dissolved as long as the concentration does not exceed

the concentration of saturation when the main sﬁream liquid is

NV
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continuous dissolution and a process for continuous dissolution which
provi des a solution having a constant concentration with stability even 10
when the flow rate of the nmain streamliquid changes and can supply

cl eaning water or surface treatnment water used for electronic materials
which particularly requires a precisely clean surface w thout |oss. The
present invention has anot her object of providing an apparatus for

suppl yi ngﬁ\éjgfagﬁafgs oﬂqﬂtggbgr(%&;ﬁs‘%?{r??d gas which utilizes the 15 apparatus

for conti a solution having a constant

concentration \ﬁa‘pe%lab%}hi tﬁ‘ pspét%g-%i']%sg&lvﬁg 5%@%@'@@%%‘?{ a%ul t of

the intensive studies’by t resent 1nventors-to ove
probl ens, 1 L j : .
Concent ratToaUEn P UTDLTIE ¢ pHACA LpOaRe (RbRc o dyido A dRbional
even when ¢haricbAvaingh @ thb g;dseom& chbiedD inl fhe Prefaiiiicoltentasi Ny a
flow neter which neasured the flowrate of the nmain streamliquid and
out put 5t hendy gilhén chet htin adtweambliguid ds ByupplRdrassd censyant 2Bowrnehta.
mechani sm for controlling the flow rate which controlled the anmount of
suppl y of Whengtdee amduhe efreupply of thepmlayn oftrédm lhigaidachanpes Jue td her
chem cal based on the signal input fromthe flow neter. The present
i nvent i on soae butside daptozs ad duedd savingeofawatey, knpublkleye arifes ipr teent
invention provides: (1) An apparatus for continuous dissolution which
conpri ses magtl@nls@ﬂratmarth@értﬁe saneentratiendifthagas ayabeiochemigahin thet r eam
liquid, the apparatus, further conprising a flow neter which neasures a flow
rate of tﬂ’é’oﬂfﬁwfiglf#(ékﬂﬂﬂli‘ﬁ%ﬁeﬁﬂd’fﬁuétﬁsputs a signal of a val ue obtained by
t he migsurerren a nmechani sm.fqr .controlling.a fl.ow.rate which controls an
the

amountlOof suppllyupnrs: the geeof Atms, when danctional wateris Rot Ms6d et er

10 d t f d i h i t | i qui i is di d

2t pool PRRRRAE, | OoePBlahoRak "B SR Prbh Haerb Rt lobd 1 06 5"
D _ . ! ! . ! bed |

src (1) MR AL LA MV RSSO ekl

appar at us J{th &P Hrb By Sindtiss Yribtien Eﬁe ol !ﬂg%dt[‘ at2he W% oflthe

conprises a neans for 1njecting an other liquid into the main stream | i quid

and cont r gfegi of BRNE twitin 866 ifih &0l Wheeoid8sed, i if thleaseshsdderabte Si gnal
(4) A process for continuous dissolution which conprises continuously

di ssol1gi ngimeg@stibitha @asentidtian of bke dissplvell igak areached whe tpresdtibédiui d) 20
wherein the main streamliquid is degassed before the gas is dissolved and
an anount wilue gyl ys efaliileedjat Wris aradueataftef thuppdry off thehsupply afithé he
other liquid are controll ed based on a flowrate of the main streamliquid
bef ore thesp@éléfa?s%mg or after the degassing (5) An apparatus for supplying

wat er containing a dissolved gas which 25 conprjses: .a portion _for
produci ng t he vﬁ‘i e?rta'é'i‘r?ﬁaﬂ?‘ﬁ gngentratigny af tgﬁsdlﬁs‘)l"@énﬁ?%s? edahagkpar at us

pur o vat ertSBHIRREHG IRV Xl B DI o AYERA o4 et RS JBeQPOESRE 10 ai ned

Egnt ? gpgegrﬁgé%g%%ergﬁl &aﬂbegg(';@&e}ﬁ%%t%% fp(iztlcec QE rtﬁé ldo% %txfela(rjnws{(f‘et of M‘é ch
dissolution apparatus and the amount of supply of the gas to be dissolved
is controlled, is widely used. However, the desirable results cannot be
obtained even when this mechanism is applied to preparation of the
fﬁnctional 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



to be dissolved into the pure water or the ultra-pure water based on the
signal input fromthe flow neter, and a neans for adjusting an anount of
wat er whi ch adjusts an anount of the pure water or the ultra-pure water
supplied to the 10 apparatus for dissolving a gas, and a portion for
supplying the water containing a dissolved gas conprising: a water tank
whi ch receives the water containing a dissolved gas in an excess anpunt

which s HRlpisesdt efed Witn fle 4°PalldPPIDRIORL iSYSAERGAM OUsh which the

wat er containing a dissolv gas f romthe water tank towards the

poi nt of use anghd g RLEN apRREAA R SorfliPealy AkBRRIAD A BXGRREsQMOUNt

returns to the water tank, and a piping for supplying the water containing

a di ssol vegr gagntZRudild ChisSHRALIESwhih Va4 nz@ntahnithe Judilitsolyeth@as
obtained in the portion for producing the water containing a dissolved gas

to the watfahctignil aadeard f tHescoditiGhanswhivh #tl eGidentraaion®Uite ?ﬁs wat er
based on a water level in the water tank and 25 (6) An apparatus:for

suppl ysng amat dhie chanhacalican be dtieps staldd, geen dédretr theeflowneats)of thhanaim t he
water tank is a water tank of a sealed type 5 equi pped with a portion for
suppl yi ng stresgalwatgr ghanges) harebemndesigedjas is a sane gas as the gas

di ssolved in the water containing a dissolved gas. As the preferable

enbodi ment s, t HEhepgesant inveationohas ant phiechebpredding apn7apparagppdent us f or
continuous dissolution as descrjbed in (1), wherein the flow rate qf the '
gas i s corfopbmuoys; dissebdiommaed \d Progass %ﬂfoﬁ@rftlll‘é%‘éf’r dissdntipnowhich pi D
control (8 a tus f.or .continuous dissolution as described in (1),

Charern ¢ HroniadoR XoleHop Jitvie e PSS CaGaBlA o ik s&ah&lﬂa VR -1 n 10
descr iiBeq e e HAB! efe b ahe 1BAM Arkhm o bgh Chigrs g rb SunPliodu o
o oGt bl OF SURBLEE L o lTE TRARR Sycoli-for 1BABAIA hitiehidls

sCri b conprises a nechani sm

for contr i S aﬁesﬁﬁc 3 ler (11) An
appar at usq&iéirdﬁ%éér#?ﬁ%%ﬁgljgla{sﬁs}g?méﬁﬁaegﬁé%scr| g%ée%t?%??i Sér ein the gas
i s hydrogen, 0oXygiePredtit!iA9EAtIoNHds 4 othied 9Bjech B0 PLoviditl Bhoapfah bed

di oxide or a mixture of these gases 20 (12) ‘An apparatus for "continuous
di ssol uti dgr agupplehg betiten ¢ohtainigr & ndidselved Ngak ofwHiclRnaBdizks Nghd he mai n
streamliquid has a portion for adding the other liquid which is disposed
at a gtageapiefrates aforeaostihavusi dissglut{dB) pAavidipgaraatssdufion haninghupus

di ssolution as described in (3), which conprises a nechanism for

cont rol | i nynistantf ¢cameentitagicxowpthi stiability. punp 25 for injecting a chenical
whi ch can change the flow rate. (14) An apparatus for continuous

di ssolution as described in (3), wherein 6

DISCLOSURE OF THE INVENTION

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

20  overcome the above problems, 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 stream liquid 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 other liquid is ammonia, sodi um hydroxide, potassium hydroxi de,

t et ranet hyl ammoni um hydr oxi de, hydrochloric acid, sulfuric acid, nitric
acid, hydrofluoric acid, phosphoric acid, acetic acid, oxalic acid, a

sol ution contai ni ng hydrogen peroxide or a m xture of these |iquids and
(15) An apparatus for continuous dissolution as described in (4), wherein
the flowrate of the gas is controlled in accordance with the proportional

control onthée cﬁh&iéﬂmtfagbd% EheDEipH3l PN Sond HheDAOW heSteFl 9vrife 1 shows

a process flow chart of an enbodi ment of the apparatus of the present

i nvent i on prEs@iy B vénsidavisashesoeanpldtb@ asbdvh the sbdvklaiowleliggi nent of the
apparatus of the present invention for supplying water containing a

di ssol ved gas. The preseht dtweastion previdese nunber 6 neans an injection
portion, reference nunber 7 nmeans a nenbrane apparatus for degassing,

r ef er ence (bunbekn 8 apparatus ffoowcomtinnpus etléssehottomumdldch 9 comprises rmss fl ow
controller, reference nunber 10 neans a hydrogen gas generator, reference
nunber 511 dissohation mportican fomvlisdodvihgr a dgas atot pomaph stremm, liquidr e
nunber 13 neans a tank for aqueous ammoni a, reference nunber 14 neans a
cheni cal - iappaeatwniypther compsistng @ Reviaeterswhichhmeasuren aflowirate of
reference nunber 16 means q .con entration,nnn't?r for dissolved hydrogen,
ref erence t?}en@éin f’frmﬂsmadpw puts g %geaLe durdlate alofaiped dyathe ve,

ref erence nunber 21 neans wat er, tank, reference nunber. 22 and.reference
hunber 22 MERSHTeRieNt damerhagiosnder roppalinga towaate shigh contEls Ak nunber

24 means a filtere refer e nunber .25 ans_a,water.l evel ter, reference
nunber 26 HROFAER! IRTIEE STpah HRESEnd SRS frobl fas BRuChustiEer 7

28 negps { RI ' | yi i V, t . ferel nmber 30
reans 10 ot Bh hedthuts' Bl delaRRE R R et i B AR s o
The appar alispbaltioh oY dil UplredhPotHY A8k RIESRR dib Gl £ Bagorpri ses
a dissolution portion for dissolving a gas into a main streamliduid,

wher ei n t K@) apaaaphHBatudrfol @on ARG BSsAutibAVMSBEREIDMA TN (e HHEER t he
flowrate of the main streamliquid and outputs a signal of a 10 val ue

obt ai ned hhethaineaeancliguid anshie watdraor witrd-pureoniteal | ing the flow rate
whi ch controls the anount of supply of the gas based on the signal input
fromthe fBdwAretappardhes forocestsnfioxs dissolwnion sasdiesaibad an (B, whéckpr esent
invention conprises continuously dissolving a gas or a _gas and an ot her

l'i qui d5i nteompmsss as nreaays forginjecting eareiothen diaaid umto othet heaib5styaanor t he
amounts of the gas and the other liguid are controlled based on the fl ow
rate of tHédydiandcoriaaly ay@meounthel agddition ofsthenetherdiquid hasedom the

present inventjon can be advantageously applied to the production of the
functi onal®'@R%er which is an aqueous sol ution dissolving a gas or a

mbi i f d | kal i : id i J
e pur d R DS, A R Ridsoi BT TRCB ORPeBE o Bbiondly, pure
the sam- ansiivile AL P 3 2LpRaR i ol P B RS ohihnh B o

possi Ble. Efeaﬁ&u@qn&ﬁata&egﬁaiggm 5 &leoRRYA I'BeBPe B EEIR HidbRRaRHId éy from

whi ch 25 substances suspend I ssol'ved I n water have been renove

extremel y £ apfRing bfes&m?eaﬁ it 589 o2farhbentl 66SUYEY SR g_ag%%d' fhatt the

|l evel of 1 8 ug/liter. The aqueous sol ution obtalined by dissolving a gas
into the pitherlaphad are doherdlldd bagudr en weflew @ite ofi¢hé ungin strehnmvlbeid
obt ai ned by dissolving a gas and an aqueous sol ution conprising a dissol ved
al kal i or lefork the degdssingioe after ¢he degassingl t r a- pure water can be

advant ageously 5 used as cl eaning water and surface treatnent water for

el ect r oni c(5hatAn iapparsushierssupmyingmegencosndudissolyed gasswhattes  of
liquid crystal displays, substrates of photonmasks and substrates of hard

di sks.25| n GOM@PYERSent invention, it is preferable that the anbunt of supply
of the gas is controlled,in accordance with the proportional control or -the
10 PID control A BORHAR HOBBFAGUHRE thin(¥aieroPORimMED & FHEPUNeRf Eahe
anount of supply of the gas in accordance with the change in the flow rate
of the main streamliquid, the functional water into which the gas is

di ssolved in a constant concentration can be constantly produced. The fl ow
nmeter used for neasuring the flowrate of the main stream 15 liquid in the
present invention is not particularly |imted. Exanples of the flow neter
include flow neters of the restricted A ow type such as the orifice flow
meter and the Venturi flow neter flow neters of the liquid resistance type
such as the resistance flow neter, the flow neter of the area type and the
flow meter of the lamnar flow type flow neters of the 20 liquid vibration
type such as the Karman's vortex flow neter, the swirl flow nmeter and the
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5 1n the present invention, when the gas is dissolved into the main stream
liquid (the pure water or the ultra-pure water), it is preferable that the
supplied gas is conpletely dissolved into the supplied pure water or
ultra-pure water. To conpletely dissolve the supplied gas into the pure
water or the ultra-pure water, it is necessary that the nmain stream 10
liquid is degassed in advance. By degassing the nmain streamliquid in
advance, Qgﬁﬁh%ﬁngyarious gases dissolved in the nmain streamliquid (the
pure water o e”ultra-pure water) are renoved and the gas dissolution
capacity for the desj i . h i t(ﬁﬁﬂﬁ LIuj he pure
wat er or the uItra-3%{gﬂﬁgﬁé?¥p?%??%g%gg%%égcgﬁgﬁﬁggﬁ,é|t |§b%ggg% e 15
that the sHpRli RfbagafingS o AW lakb Yoldipee! wadeiBNulhg-HAS WalsP!aiid on
capacity is greater than the amount of the supplied desired gas. On the
contrary, gMigitthdgi dusigdabast ar eahaf tobteiidNibyg the fkasiPdment raamd i quid
(the pure water or the ultra-pure water) before the desired gas is

di ssol ged,médieardsmafort gonitoollingss floav @agawhich @ohh®lsmannambuaamfla gas d (the
pure water 20 or the ultra-pure water) is insufficient and the desired
concent r attodse dissobtedomtadhieeyark wianet be thatuléra-ponelivaten basbéran tlse t he
possibility that the concentration of the gas dissolved into the main

st ream | i qugmal(inpat frone thetfbow oreteheand t r a- pure wat er) cannot be adj ust ed
at the desired concentration in_accordance with the change in the flow rate
of the main 25 stres@nmeans r(adivspogcanamouny of waten whickh adguststan). In
particul ar, when ? as having a small,  solubility such as h ﬂro%en IS

di ssol ved amewntiot theepwes nvatare o Fheyunlirapyee pwatenaruwpliad taethe
ultra-pure wate it..is.necessary t@at the main streamliquid (the pure

1), .
wat er 18r t%ﬁ’%‘?‘?‘?‘%ﬁoﬁﬂl\%s%?gﬂ%% assed in advance to keep the

concentration const ant gyen mhﬁn.the flom/{ale of .the nauﬁ sﬁrg§n1liquid
(the pure wat er® JFOFIR H0F $HRPIYING, the Jrgter SPRANINg, & QRSO 1883 r eam
l'iquid (tQ%n§Hﬁ§n§@ter or the ultra-pure water) is degassed in advance
before the gas Ts°di ssol ved, the signal of the neter neasuring the flow

rate of the main S”&;@{ﬁtéf B K wiHlich r@?éi?g%ﬁ@"vv Eergbﬁ‘tdihir{ aﬁiﬁé&l er) is

input to rapidly cont t he anmount o e supplied gas and en the gas in
the suppligg iamekedss alRoeRfWhedieivnél el ¥ed point Hdsd he concentration
can be set at the desired value. Even when the flow rate of the main stream
l'i qui d5(the pure waterpiping hsydtbinr athpoiigh waihgch thwngeter cbetdafigeniration
can be recovered rapidly to the desired value due to the above nmechani sm
The procesliséadvedegadhimg fiome thaiwaterrtaalk tawprdd thiehgoiptiod usataard die 15 t he
ultra-pure water) is not particularly limted. It is preferable that the
gas i n an wateymonsaminga &ﬁaﬁwd@e@anm PXeeps Amewn tureitrns to she wader ed
after the pure ter or the ultra-pure water is treated by a nmenbrane
apparatus‘ﬁ@k’éggassing conprising a nodule having a built-in

gas- pernmeati ng nenbrane,. and thus :t he aci to dissolve.a gas, into 20
wat er is increased bYy P&/ %gs‘éﬁ%lé’mg/gﬁ dﬁ%@g.co?ﬁ%mdpgsaoﬁiﬁspg‘f?sdpgﬁi on for
di ssol.yin h as {.s ngt particularly limted. It is preferabl.e that the
i ssort i arhisty BRBpliEs e SaUte) Sheflaiting ) hESabist: s PARGRAAER B ng
menbr ane. S e I 1 ST | Quj h ] oW into
the di ssollﬁirilelf)é(r?l1 %J(%rﬁ%dr#l é’zi% ﬁﬁg'&étnegt %ogltgpﬁp%eglclﬁg%ﬁl&é%%gggt%aﬁﬂde W}a@gfyas 25
phase of t kghﬁﬂﬁlution portion for a prescribed period of tinme, the
nmodul e exhibits the buffering function offsetting the change in the anount
of 11  supmit¥olefthiehfeaas RRtadjuktihl! £n tdiBuh@Gf aPskel Missednen falRedtepnal

wat er having little fluctuation of the concentration of the dissolved gas
can be prdduekih thd Wwasdreddink;tand The gas to be dissolved is not particularly
limted. Exanple of the gas includes hydrogen, oxygen, nitrogen, helium 5
ar gon,250z o6, @mromppamtds cforbaupplyinigdevatélt bontaéningct | dissdlvedt gas
cont ai ni ng hydrogen, oxygen, heliumor argon dissolved into the pure water
or the ul tdescpibed inatr whierein the watkedanktiachsutentamke of ar $esded dfpe

el ectronic materials can be renoved. Wth the functional water prepared by
di ssolving ozone into the pure water or the ultra-pure water, organic 10
substances and netal substrates attached to the surface of electronic
materials can be renmoved. Wth the functional water prepared by dissolving
carbon dioxide into the pure water or the ultra-pure water, build-up of
static electricity can be prevented. | the present invention, the position
of the neasurenent of the 15 flowrate of the main streamliquid is not
particularly limted as long as the position is before the dissolution
portion where the gas is dissolved. The flow rate of the main stream|iquid
may be neasured before or after the portion for degassing. In the present
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pot assi um hydr oxi de and tetranet hyl ammoni um hydr oxi de aqueous sol uti ons of
aci ds such as hydrochloric acid, sulfuric acid, nitric acid, hydrofluoric
aci d, phosphoric acid, acetic acid and oxalic acids and an aqueous sol ution
of hydrogen peroxide. A mxture of these |iquids such 15 as a m xed

sol ution of ammoni a and an aqueous sol ution of hydrogen peroxide and a

m xed sol ution of amoni a and hydrofluoric acid can be used. In the present

invention, a.combingtion of the gas and th | i gui . issol ved
nto the. pARPSOE i midhiiion 5 SORANEA SFaBhE Bag it e FRUNNE SALTE ! he
other liquid intg t I ] I, QUi : | 4. i sane
manner as & %aax%]e P %@%%g@tgg@gg%ld;qg? %%%Qéggtﬁﬁsmé %edlg%swg%gg?'he ot her
liquid to be di ed .| i i Suht.a i i gasses
and the ot her f%%&?%%q%?%ﬁ%ﬁ??fggB%%%vgﬂ?bﬂm%iﬁgﬁz |sgg u??@nﬂ%ghege used.
For examplgoviien hydrogen and 25 ammoni a are dissolved into the ultra-pure
water in conbination, the effect of the functional water to renove fine
parti ckes (gan Ae apphsate@dfor B3ntinlidaslissaitionwe dbscribddiy €1 wis@leih Since
the functional water is automatically produced in accordance with the
change i n thieeflswotate ed theosuy isoforadlded ik ciccerdamnzkeewithhtire phepdrtiontal onal
water is supplied to four cleaning machi nes each requiring water in an
anount of conbrdlicrehe/Rlilhoomtrokhe required anobunt of water changes between 0
liter/mnute to 20 liters/mnute depending on the condition of the cleaning
machi nes (Bhe Awappavatals featcontinsiousedissnlution assdeycribed in (bhwdrerebmal
apparatus, the_supply of the functiaonal water_is continued at fhe constant
condi ti on thle adbisselugion/ Mortion Mempriees udctneshde wamprisingt He bydbin 10
anount is discharged fromithe cleaning machines or fromthe apparatus for
pr odudOng afPETMeINBHAMEMATHIE: | n contrast, in the present invention, the
functi onal ter having the constant congentratiqgn can be duced.in
accor dance(gy\\jaﬁp AR ALY é&oé‘ﬁwsoqgsﬁéf‘wna% %w%i%gpgé”%?r%e
excess anmpynt of the fpnctional water can be avohded. 15 .1t is;aliso w dely
conduct ed #Wa??paﬁ?hﬁuﬁgy rhge%a&s}%% Cc?fmflil%%s % Z’ﬁi%tl%ecofn uéré?lintgngl bﬁllalf%rl IS not
required téﬁ@géﬁég%ﬂn Hggm%hgﬁépf the functional water is continued under

y tondi i On 'S0

t he ordi na at deterioration in the quality of the

functi onal (Yt &4n ra%@%&ﬂfdbglfdr”cdﬂlﬁl@&%aﬂfgsklﬁlt?diﬁ abeANed @f (Daghatha is

prevented or the Iirmted flowis conducted, i.e., the 20 flow of the pure
wat er @ thgnplitéfaPHicehunish for @oftiollidg i@l flownitet conipaeig AuRGswhi | e
the supply of the gas and the other liquid is stopped. en the ordinary
use of thefldwrohtmikr; water is resunmed after the linmited flow, the flow
rate of the water is increased and the supply of the gas and the chem cal
is resunmed(11at Ahiapparatys fon cohtinuonse ehssobation 25 q;ﬁsodgsd,ini(ﬂ),tmhemisever al
mnutes to several ten-odd m nutes before the prescribed concentration is
achi eved athe gne is| hrdnoggne xpeen paitzegemcheldumy argeyy joggnenpRMPRKA| t | on
period. In accordance with the prgesent invention, the functional water
havi ng t heC@PeRAIPKEs W BuxENES: 9fdhese §a8eS obt ai ned | rmredi atel y after

| nan : HL@@FLX&%@%%a%ﬁwE&%c%ﬁWu% orotapn 3%%1%29@%&5{12(5%&9%#395%”'
the. prescr RBERRTCRRP SRR e ridR PG QRO b niRl f angl",, "
the_appar apyiSoteriifuifl WRRALs BYSIHCHOR d SlagEittbi R kel SROIHHIRR. OF @ gas

is supplie ra pipings to an sed at one or nore points of use where the

10 water i g13)Sesinaffdraaié Pk ¥e1Shusid dssol@sen tascadédiRitedVai €3), filtich
electronic materials. The functional water nmay be transferred directly from
the appar ageifipfides @ sfeehdbian fop doheradiihpttheoflowsEatercomyribigigt @ anprily
stored into a water tank and, thereafter, supplied to the use points via a
suppl y29i pfordngéctingea chemitalt whitht gqvech axigeetheofowaane.t he water tank and the
15 points of use. When the functional water is not used or is used in a
smal | anmoufit4) tAn dpparatwnfir cvatierucssphissadtibn ashdeseoibetlsind) usberannot

di scharged fromthe piping as unused water in an excess anmount but returns
to the water tank via the piping of the circulation type. Since the
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 anount of a decrease which ¢s shown by the | owering of the

wat er | evel fromthe prescribed position. A nmeter for neasuring the water

| evel 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 anount in accordance with the water level. Since the concentration of 15

o - r . o e r




15 degassing 7 and, as a result, the capacity to dissolve a gas is expanded
for dissolving hydrogen. The flow rate of the degassed ultra-pure water is
nmeasured by a flow nmeter 8 and the signal is sent to a nass flow controller
9 and a chem cal-injection punp 14, having the function of controlling the
flowrate. The amount 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 the mass flow controller 9 in accordance with the
flow ratetlgd dther ulityaid pisr anwabaia, asodivme nhpdyoxide,r ipoeassiummu ity debxidedr ogen
gas is supplied to and dissolved into the ultra-pure water. In accordance
with the tdtoameshyanimbhonmlhydropides h3drogtleoric agyl sulfiremand;) mitiic azid,
prescri bed anount is added at _an injection portion 6 by the

cheni cal - hpfleoftuazic panid, phosphericnjagtd,edcefdeieacid, 1exalicaracixhi @ isslution
honogeneously m xed by an inline m xer, 15 and_a functional_ water containing
di ssol vedcontainigg-hydiegamnerpsideor? ptigtexe ofthese hjgseds: dmdoorti on G nay be

di sposed at .a position at the upstream,of the nmemrang dule faqr .

di ssol uti b¥orAn apparatuy for gentinnpps sissolpten assdesor %@sivﬁgemm n
this case, t menbr ane, nodul e for, di.ssol ution.of a 1 or the nepbrane
appar at usth%gleod‘%dgg‘“sio ghe ﬁ%ﬁ/1%&%9%9@335“’61aﬁ"é%fﬁ?nf’%rvgﬁﬁxﬁjhﬁgpmpoﬁﬁge of the
inline m xer 1€. ﬁitﬁ£ t he cqncentration of hydrogen dissolved in the

f unct i onafoREPEeT 1R FEREPEPy "a concentration monitor for dissol ved
hydrogen 16 and pH is nmeasured by a 10 pH neter 17 or the like, the
functional water is transferred to sone points of use. The concentration

noni t or fglRI@jF; S’@R W]FU)NQGF’FﬁE?DT{A neter 17 or the like are used
rﬁTﬁg‘gg%T_T%é"L ncentr a

for confi ron ol hydrogen and the pH are set at the

desired val ues. Fiha' @ 2hs0@a Prode’SCASw CRUrE AT hn ObmdBdaABREI gFefhe Of the
15 apparatus for supplying gas-dissol ved water (a functional water)

utili zi ngapparaisasfathiespie@ent didrtisnls Miguse|2shews afprobsssflewaMart of

i nvention. The apparatus for supplying gas-dissolved water is conprised of
a functi oaabtlvat @nbpdionect oHthepapparxatus of che preshutiingentibnfor sapplyingt er
and a functional water supply portion B for supplying a functional water.
The 20 fuma*tbnnemami:r@a}d!imimd gas.portion A has the sane construction as
that of the apparatus _for dissglution shown in Figure 1, To_ a pipinhg for
suppl yi ng the ul®rehedriguyes crelexence nHmbesnfr BeaNgppEr HiESion PAFEgAssi ng

7, a valve 19 is att cheg as the neans for adjusti éhe flow rate of
water | ThEekrengs BRIker,! pacang asnEmhgneAPnAIAbes KE feqassute Zeterense (o 1 he
desired fl te b dj i t d f i f th |l ve.a Th
Tatve: cantCubEoR Hieetel A RPROmater  FeleEehd, pRRIGY B Deahinh yRBFS e 57

I tra- tras- h
meane §or Coifiofer Aol bkt 3 Alhisd hhGfogt b4 B, Feforfic 10

punp may b h5&d lilnm%ﬁg é%l Qig%th?arY@'d{@du]]'e”fo& NG s5MREHoOHEH %%l SlefSYRBL Y

portion B, a water tan a 5 circulating piping syst conprising a
pi pi Ng 22 pfyreheit 1% e a tank 3 aliQueu sl anRRoMiaS réferais@ RRebar 14hhegng2'
returning fromthe points of use to the water tank 21 are disposed. In the
pi pi Ng 22,a shemigalddjdctioni ppassdreferddve dumbergl15oueans far ialppl wmixer, t he
functional water through the circulating piping systemand a filter 24 is
di sposed atfexepcsntinbreral6 niemankOa doneesttration afordiber fourdissolved hadesgenank 21
is tightly closed with a cover 30 so that the water tank is shielded from
t he at nosphferencapunthergismennsa pdrmetar, séferencemumber 38 lmeansa yelvepr
supplying a sealing gas 26 is connected so that the inside of the water
tank can meferencenumber lymeans® vaterdinnknsefgrensenyaber 32 padueferesce hat
the pressure 'nskgf the 15 water tank can bebkegé constant although this is
not shown AWHMPee 454 gheal RPINRR HEETERE MPRO§ &0 SRSH G PYRE, §8s as

that contained iy the gas-di ssol ved water or an inert gas such ni trogen
can be. usaiey Zhmens e fler, Kdgrence nitiber 28 meins o gter Y aneley LAy o
into the pur r . - , n 0.t

concent r e BREUEe 6ol Agipi R RublE b oehlifp i el dlfomber
suppressed by using a m xed gas having a conposition such that the pressure
of each conponent gas is the sane as the partial pressures of the
correspondi ng di ssol ved conponent gas. Therefore, it is desirable that a
m xed gas is used. To the water tank, a piping for supplying gas-dissol ved
wat er 28 through which the functional 2% water obtained in the functional
wat er production portion Ais supplied is connected. To the water tank 21,
a water |level neter 25 is disposed. 18 The signal fromthe water |evel
meter is transferred to a valve 19 of the functional water production
portion A and the valve is opened, closed or used by adjustnment of the

Y o b1 o




excess anmount and not used at the points of use returns to the water tank
21 via the piping 22' and circul ated through the circulating piping system
Since there is the possibility that fine particles are forned fromsliding
portions of the punp 23 during the circulation and contained in the 20
functional water, the fine particles are renoved when the functional water
passes through the filter 24. As the filter 24) nmenbrane filters such as a

Consured 4 ofeaft; bl L FREIGHE PRy e R0 BeRedR T '°

| ower ed. W$ﬁﬂ reaches the lower limt, the signal of the 25
wat er | eve n%%ggoﬁgé r%%§¥gé%ed to the valve 19. The supply of the

ultra-pure water to the functional water production portion A starts and 19
the flowrate of the supplied water is controlled by adjusting the degree
of openi ngrgf tMOIP! PREFERRED f BMBODEIRRTET@r ONRRYOODT tTHE A as
shown in the descriptions for Figure 1, the flowrate of the supplied

ul tra- gpur ENBENTION measured by the flow neter 8 and the gas (for exanple,
5 hydrogen) to be dissolved into the ultra-pure water is supplied to the
menbr ane nodul eTh®mpgasanlsuforotominwowgadiskblutivte of chatprekewt inventidiow rat e
in accordance with the val ue obtained by the nmeasurenent. Thus, the

f unct i onalcongireseshavdisgolutiens potiao dee dissalviog agashattood mam gheadi ssol ved
in the functional water in the water tank is produced. In the 10 sane
manner, tHeqyidesehetd e anpasatuhdurthar camptrises axBopl eneteguwbich
anmoni a) in accordance with tge flowrate of the ultra-pure water |s added

to the furieeasres thedlow ratrobihamedy stinam Lignad apgiartpuss asgralsfrad to
oo, bR AR R ST bR 1k L
br oduced (e 1aRavhith: BiniEbsC e moddhatf b ulft B che i, hiSed oSudhd | evel
ol gnal of SEATHbRGRCThd 5w MREG, | NS prddaEs 3 Mhehtubds BLABRRUGY, "°
or oduci ng ULatEpiedRfit Wieitio R Bomprie] dntifhollly ARebRing W EASBEI BELCT o

wat er | evein@andsth@e iR dilGntPR&hald Streant HGuiBSyRLRIRtHEhHGLEE of thé SMBl |
anount may be continuously passed so that the cleanliness of the functional

wat er 18r o d1othdandoudits Af ithe gak Aindl tikdothled 1iduid ad-asont@lIsdchaidssn f or
overflow which is not shown in the Figure is 25 disposed at the water tank
21 and t hehextes aterofitiie nfaih keregas liduid.ol ved water is di scharged fromthe
water tank 21 so that the anount of the 20 stored gas-di ssol ved water
does not exceedThé&canngratis yarst thaeprogess of ale Presedit nisweniionc oasebe r at i on
of the dissolved gas . in the produced functional water can be adjusted at
the desir edfixantageensdy anpdied: tocthye produstiongt thedugctionabwietexathieh éhanges,
the concentration of the dhgsolved 5 &%gocan be kegt at the sane, val ue as
i

that of tHRR ANNEYSrIphetipR Mssqlyme a; £ Hecombanatipn of 3 gas,apdran oyel in
th t -l d i dl W t h [im d,
oo Bt RS o R ShE RO A 3F o tolee BatBC At PR i afreB °° °
lied t J i Bt f t f g t
ot s on Wabe B (Heopflaehl? SnvdlIROE AL wHPA A WAL NAARE o high P oCn

vater in apRKsGaReR A he 3behitodP Rl BblRloskTRe G Ss Jeeshech hdng he

wat er tank and reused I n conbination wt res uppl red functional

vater. | n GRIVEMnipRRieP hAGESHRSD: rémdeedids nfudh fzfsi/ﬁé’és‘ibl%hat(ﬂftf@pﬁy@c“ onal
wat er having a constant concentration is obtained when the flow rate of the
suppl i ed wahtdr chiaages waiter | havingal &0 d%trdhfely Chigh thatity heroaoneditk at i on
of the freshly supplied functional water is adjusted at the sane val ue as

t hat &5 t heulistantésonaspenaiedror dissdleedin asstenhmvethechheriovesl éxiramelyat er i n
t he excess anmount is discharged to the outside or collected as the

ul t r a- pur esordlpat tlaé cencenteationodfi theatlissalved substiecesxisest therdeval ofslt r eat ed
by degassing. In contrast, the present 20 invention enables remarkably nore
efficient recycling. It is desirable that the water level in the water tank
is kept at a high position even when the used anobunt of water changes since
the relative amounts of the gases in the gas phase and the |iquid 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 rel ative anobunts of
21 the gases in the gas phase are kept constant. It is preferable that a
heat exchanger is disposed at a suitable position in the circulating piping
system such as a position between the punp 23 and the filter 24 so that the

o . B N oy - Y o Y "




Exanpl e 1 Hydrogen-di ssol ved water was produced by using the apparatus for
15 produci ng a functional cleaning water shown in Figure 1. The used
ultra-pure water contained 10 to 18 ppm of dissolved nitrogen gas and 0.01
to 2 ppmof dissolved oxygen gas. The ultra-pure water was passed through a
menbr ane apparatus for degassing and degassed until the concentration of
the di ssolved nitrogen gas was 1.5 ppmor snmaller and 20 the concentration

of the di : : T ra-pure
Ot or e TRl PHORGEAS Y615 1on DIRRMAN by WsscRtingla 2al SHEP RS pird " & PUL
of the ultyaraRUbe YR BlltIRHuPH! Riated T@MthBe AlGREHGMIS watks e&‘btfahg‘ﬁ;ﬁ#er and

t he anount of supply of hydrogen gas was control |l ed proportion o the

flow rate dibsdliimgihtead-ad anegiedoudysoltibhCoHesinlsoavdsadlved hRfali bydr ogen

was di ssolved into the ultra-pure water at the dissolution portion having a
nodul e havicid iatdvhé tpure water gashpailteapung waebrcanebédvantageously

hydr ogen- di ssol ved wat er was produced. The production of the

hydr ogén- dissdolasedlesating statet eandnserfaté etreatslient owavér ook | eléctingc of t he
ultra-pure water of 20 liters/m nute and an amount of supply of hydrogen of
260 m / m noateriadst ench has ssubstratest b senpiconidattions), sthstrhteswofaliquid t he
ultra-pure water._was changed to 10 liters/mnute after 30 m nutes, 15
liters/m rayetahidisnlags substrates opphpiareasksandsubstrates gbhaidhdisks, 25
liters/ mnute 2{{4&; 110 mnutes, 20 litersg/mnute after 120 m nutes, 2
liters/nminute e PERSeRt AnyeRtiongitig nreterablethat hespmennt &6 swpply es. The

D 09Ut O et e, Y85 eSSl R e e SR S oL et
I f trati f hyd in.t
B 4ot LRG0 RSSO AEE Al M ot <o
i n Tabl | A f
0, 1201 Al TEOAE b R BB ATERAR LSRR M e o he

(1iter/m ny6 Leredhl TBAIH Fhe functi info whi s di -
110. 4525107 a5 T4 edht HHu! BoTS TEREHInaL YRt THg vhigh dbs sps s fissolvedin 15010
?52561. 15256 133b6dncdenrtPAdP c8x berbnbiabtl? neddweel. 124010. 971361. 115010. 781
381.12206015. 181921. 126515. 272001. 107015. 3%5011. 158019. 652581. 15259019. 8825
61. 1010019. 6625Phe flo%lMR4e?0 8B lorlf3addRng th8 Fiwl rd&ldf e B8R étredl2019. 98
2601. 1413019. 722571. 133514019. 832581. 121502. 05261. 141602. 04261. 151702. 10261
. 13401801 dieuidse thd peegmntoaReatiohl 8620 padAadihrly3 lingi2éd .0 0B s&hpldst 6£0019. 97
2571.13 flow rate of ultra-pure water was changed flow rate of ultra-pure
wat er was thieafhednetesvinchide fowunetersmfrtheastriciedsflewaypeduchoas the e of
ultra-pure water was changed flow rate of ul tra}&i)ure wat er was changed fl ow
rate of ulqmficetlow mater apdsthe Yegdury flow meter dowmetergnfetheahanidias
changed 24 , As shown in Table 1, when th roduction of the

hydr ogen- o‘ie§%5(§f‘9%ed%m Shcheps &%F?%ﬁt%eﬁo‘gh‘@eﬁm& Fifgﬁwdpe'ﬁ%eoﬁ thfw rat e

f the ultya- f aboyt 20 Jiters/nigpute, th tration of th
i ssol vea Hya Wpe o Tae Boa” e bt 18hSad BPVIivmir MACRAt PhURRca 1. 11
5 o/ lyjgt ery; Al et inkdeibi d L i . 1h
Funct Ponal QR ABhHEECA G of \ReCRARE A el MR TpBEer AR BB o

the start @fwiheteRRALd AR;dit PRWARRYSE; MRfw hiGesdBPiNe 96111%?]5@%?@10%5

automatically controlled in response to the changes I n the rate of the

ul tra- pur emeedre’ ofaghiceblade, whbel §e; ¥l ndet@rs bBEharfatb®blowntipRs R 10 the
concentration of hydrogen in the produced hydrogen-di ssol ved 'wat er was
al ways kephnetdrslfeheieléitrombgnedoggpefand flowt @edersofrtbehilt®isonic 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




By using the apparatus and the process of the present invention, the
formati on of hydrogen-di ssolved water in a | ow concentrati on was prevented
after the start of the production and the hydrogen-di ssol ved 15 water

al ways having the prescribed concentration of the dissolved hydrogen coul d
be produced. Even when the flow rate of the ultra-pure water changed, the
anmount of supply of hydrogen was controlled proportionally to the change in

the amountyaf ratbeggkwﬁw&r PHag id BRRLILE byl b AEHFOTRY; iasp! ved

wat er al ways havi € prescri concentra i ssol ved

hydr ogen thd GnRIRRUSEShp SIYRISH Shs BPRRhE GBbLhtsYof SuppIyosdaicgayi th the

apparatus for continuous di'ssolution and the process for ‘conti nuous

di ssol uti o Pfhd behe et adeboRREsINH bhS&l SR thelotthan szl v the GAlgs ant
concentration of a gas can be obtained with . stability even when the flow
rate of thptamied s} tleamdasguesleabanges. In 25 particul ar, cleaning water
or surface treatnent water used for electronic materials which particularly
requi rés a prednstie peesait mvehaioa, cdrerb¢he wasl isedissolvbduntd ahe maih t he
cleaning treatnent or the surface treatnment can be conducted wi th excell ent
repr oduci kttéany . liyhien (thesparé Watew oratlke Siltmrpaoe veeihgt vatmrefemblecr eased
to aflowrate in the ordinary condition, the concentration of the gas

di ssol ved that ¢hé suppliedagasistcompletelydigsolked intoothst sunpliadhpure materng f or
stabilization is elimnated and the |oss_in water can he prevented. Using

t he appar aeusltrampweppaieng Tasomuletaly cdisselverthe supplied gasuirto el wat er
in an excess anount can be collected and.reused. 26 CEAI M5, 1. An

appar at us W€ V8T o “E’f@é?)‘l”fﬁ Wakexat d5 negessarE dhah the seain st or t i on

for dissolving a gas inta a gain streamliquid, . the apparatus,.5 further
compr 87 nd WA BuderassPduin afvVaRSs PPONE; theomgtth (iacare Hawd wim

compri §i nd PO i i .
rechan am ASA RGN, Mo gl e PESQRATLL The Mphl SHRERDHEEE t0e ), o
th b ' I. : d f
dogase: ng TRE Rare & POl AR} B HO B T Eas MAPRRA ° o

upst r eam QfaplabRydfoSelieSiRe@Wdd AierbResdi IROtHE Meaih SBSan? lighid aEREr at us
for continuous dissolution according to Claim1, wherein the main stream

liquid is pueewadéedr @he Wltrapies vareilein tHd abovéizoapfisdrmtiy s fwssibdat i nuous
di ssolution according to Claim2, which conprises a neans for injecting an

ot her 1151 quihaiti thieo stppliedi gassis eampletgly dissvivebmwhal shangandissolwtfiolmddi ti on
of the other liquid based on the signal. 20 4. A process for continuous

di ssol ut i capadityhisceptérsdrar the iamowst of thesepplied) dasigad gas. a Qmshend an
other liquid into a main streamliquid, wherein the main stream]iquid is
degassed MONErary; Fehammuarigugigases ateilefhgemaining i ther maim stxeam lighed gas or

t f I f th dth th l.i qui d trolled. b d
l'ow rat o Ghe PRaY maiAr OF tha M ARGRNES ¥ B hsreeiie dromeioRa oMY e (e
d i ng. 27 5. t f | yi. ter. t.al ni i | ved
gas wni on Brantiny’ o, TRERE A Een st HRE G S B RER A he mife et
di lyed i Sing: f i | Vi i
conpr ies & Thf ke BB, BPRRHRSFort? anfl; B0 deeiReC cOfRntPei .,
vat er and hd Qe RvaRONE G RAriea! WRARLA RSkl frRepIRASWEETTRYG and a

mechani smitor contr ing a ow rate whi controls an anobunt of a gas to

be di ssol vgg Eei@nitPRitNoF that Bas WisddMed ihtd the MBaMP sBleaBR IRFHIANthEe 10
signal input fromthe flow neter, and

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

10



a neans for adjusting an anmount of water which adjusts an anount of the
pure water or the ultra-pure water supplied to the apparatus for dissolving
a gas, and a portion for supplying the water containing a dissolved gas 15
conprising: a water tank which receives the water containing a dissolved
gas in an excess anount which is not used at a point of use, a piping
system t hrough which the water containing a dissolved gas flows fromthe

d ' d 20 ini di | ved
gas i n an BecHRl e Rulla tnd Rcbalelof I L RnGREThRRY, fufe 57 ¥°
in Fet st e _ A
Conta) ni nACa Rl i AYH AR et TR N et UR B TR B v o1
taini ' daSint 5 f
e e R S R s e S L Wi

tank. 6. AphépPdeaflgw rafe SERBlY N "Slr8Ant W@l "thE Hurd gﬁtﬁbif%ﬂ e

according to Claim5, wherein the water tank 1s a water t of a sealed 5
type equi plech-putdwateOrdhianges or Woheiptlyé fthia stfsm Nipdddildgubd azer! i ng
gas is a sanme gas as the gas dissolved in the water containing a dissolved
gas. 10 2%r the ultra-pure water) is degassed in advance before the gas is dissolved,

.A3(9. Al . AY. A3. A Aa. A Al . AF. ANY. AY. AY. Au. AN. Aa. A. Aul . Aul . AuY. AN. Aul . AaY. Aa.
A. A(| . Aal .theigealsef the@nso@cmeasuring the flow rate of the main stream liquid
6wPxHzupkf a\ W ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cRaU] ca] ca] ca
] ca] ca] cal(thepauap cepter] emthe]wied pure ayatRa) 4s input to rapidly control the

)l di _*1 @EQ| wnh¢”Y] ] ca] ca] ca] ca] cal ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca
] ca] ca] caj¥RgeRl e ]tha]sae@p@&}icaqwa}icé}%rhg]g@a!mthe supplied amount 1s
I'blg!"$%" " *THy** oy, .. .02q4l 48: ; i )

zupkf é$w capiptely d]&f%ﬁY%%]sea'%@ta‘ﬁh%me&P@é?}té@} canpchg eat @k thg) degiredy] caj ca]

ca] ca] ca] calcalc

= it RN e toeraty e dogd) thoares o o
ca] ca] cal ;’?% %?n%%o%@lé ugl{t\%\%f}ffg‘ﬂ }}' %%f (%%?‘lgegs n?}lae_z‘%oé’]%lfg?g@;]%’a]‘]@ﬁ &8 cal ca] ¢
o] cal ] o 3héslehelab KA BhE Al baNARE Bk iadEakgal oa) cal oal cal

aluj[.

eBPi } xsnhc”Y] | cejeplaabs edIC&@%acs@ixf@m@hfaah Gl tRhANAR palERhedd 62l cal cal

cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! H* 07wz

Thoni 45K} xheiudtrd-pheaeappabandtqrlrtihially dimizbd a] trdsailetalabdd eharalcal cal ca

] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! D#( +.

ThOom +t K} »gssi th_2h] howjuoe] smbe} dhhaatlea]sohibilily ajtcedttahtioh cia] egjpladda) cal ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] cag)ca ca] ca] ca\*nbCS 10%& ()- 10%& ()-
L 109 () -adteyoshq pure 1w the @broperq watedasryedtedosy (@ menpbrane
10%&'()-&10%&f(2-Y# 0% ()-z,10%& ()-]"10%& ()- 023456dYNC 10 10
apparatus for degassing comprising a module having a built-in
gas-permeating membrane, and thus the capacity to dissolve a gas into
20  water 1s increased by removing dissolved gases. The dissolution portion
for dissolving the gas is not particularly limited. It is preferable 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

11
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electronic materials can be removed. With the functional water prepared
by dissolving ozone mto the pure water or the ultra-pure water, organic

10 substances and metal substrates attached to the surface of electronic
materials can be removed. With the functional water prepared by
dissolving carbon dioxide into the pure water or the ultra-pure water,
build-up of static electricity can be prevented.

In the present invention, the position of the measurement of the

15  flow rate of the main stream liquid is not particularly limited as long as
the position is before the dissolution portion where the gas is dissolved.
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 connected to the tank for the other liquid via a
chemical-injection pump. Since the liquid supplied as the other liquid is,

25 in many cases, an aqueous solution, the other liquid is homogeneously

mixed with the pure water or the ultra-pure water of the main stream
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as that conducted in the dissolution of the gas, the flow rate of the main
stream liquid is measured by a flow meter. The value obtained by the
5 measurement is input into a mechanism for controlling the flow rate built
in the chemical-injection pump and the amount of injection of the liquid

into the main stream liquid is controlled.
In the present invention, the other liquid dissolved into the main
stream liquid is not particularly limited. Examples of the other liquid
10  include aqueous solutions of alkalis such as ammonia, sodium hydroxide,
potassium hydroxide and tetramethylammonium hydroxide; aqueous
solutions of acids such as hydrochloric acid, sulfuric acid, nitric acid,
hydrofluoric acid, phosphoric acid, acetic acid and oxalic acids; and an
aqueous solution of hydrogen peroxide. A mixture of these liquids such
15 as a mixed solution of ammonia and an aqueous solution of hydrogen
peroxide and a mixed solution of ammonia and hydrofluoric acid can be

used.

In the present invention, a combination of the gas and the other
liquid may be dissolved into the main stream liquid. The amounts of
20 supply of the gas and the other liquid into the main stream liquid 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 liquids 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.

13
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10

15

20

25

liter/minute to 20 liters/minute depending on the condition of the cleaning
machines (the functional water is used or not used). In a conventional
apparatus, the supply of the functional water is continued at the constant
condition of 20 liters/minute and the functional water in the excess
amount is discharged from the cleaning machines or from the apparatus
for producing the functional water. In contrast, in the present invention,
the functional water having the constant concentration can be produced in
accordance with the required amount of water and the discharge of the
excess amount of the functional water can be avoided.

It is also widely conducted that, during the period of time when the
functional water is not required temporarily, the flow of the functional
water is continued under the ordinary condition so that deterioration in
the quality of the functional water remaining in the apparatus due to
growth of bacteria is prevented or the limited flow is conducted, i.e., the
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
process, it takes several minutes to several ten-odd minutes before the

prescribed concentration is achieved and the cleaning cannot be conducted

14



10 U 10 U 10 Uy <10% U& ()-!p-"109% W U& ()-Y !f-"109%UsU& ()-Y

YZ[ AN\ ]]I[<{Y: ! ##10% U8 ()-!t ##100JU& ()-S"10% U& ()-! NS" 109 U[ U& () - #10%
U& ()-! N#10% U U& ()-]1" “a{Y7! I N#109% U U8 ()-!\#10% U U& ()- 10 U 10 U
10 U <10% U& ()-!t-#109%0U& ()- !p-#10% U U& () -

aFbgccd" e=f }A<{ Y7! 11 f-- #10%sUsUS ()-Y ##10% U8 () -y! f ##10%sUsU& () - yf #10%
U& ()-f! NF#109% U U8 ()-f#10%

10 (<300 SRRV e AHALER BT A Al M b et ¢
AT G B R e i BB

immediately after resuming the cleaning by continuing the supply of the

gas and the chemical in an amount in accordance with the flow rate of the
5 water during the limited flow.

As described above, the water containing a dissolved gas in the
prescribed concentration (the functional water) which is obtained by the
apparatus of the present invention for continuous dissolution of a gas is
supplied via pipings to and used at one or more j)oints of use Where the

10 water is used as cleaning water and surface treatment water for electronic
materials. The functional water may be transferred directly from the
apparatus for dissolution to the points of use or may be temporarily stored
into a water tank and, thereafter, supplied to the use points via a supply
piping of the circulation type formed between the water tank and the

15 points of use. When the functional water is not used or is used in a small
amount, the functional water supplied to the points of use is not
discharged from the piping as unused water in an excess amount 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 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
amount of a decrease which is shown by the lowering of the water level
from the 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

15
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5 the concentration of the dissolved gas in the unused functional water in

the water tank (or the piping of circulation). Therefore, the
concentration of the added component in the functional water supplied to
the points of use can be kept constant and the cleaning of electronic
materials can be conducted with stability.

10 Figure 1 shows a process flow chart of an embodiment of the
apparatus of the present invention. In this embodiment, a functional
water to be used for removing fine particles is produced by dissolving
hydrogen and ammonia into the ultra-pure water. Dissolved gases are
removed from the ultra-pure water by a membrane apparatus for

15 degassing 7 and, as a result, the capacity to dissolve a gas is expanded for
dissolving hydrogen. The flow rate of the degassed ultra-pure water is
measured by a flow meter 8 and the signal is sent to a mass flow
controller 9 and a chemical-injection 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 to and dissolved into the
ultra-pure water. In accordance with the flow rate of the ultra-pure

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

portion 6 by the chemical-injection pump 14. The injected aqueous

16
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water containing dissolved hydrogen and ammonia is produced. The

injection portion 6 may be disposed at a position at the upstream of the

membrane module for dissolution of a gas 11 or the membrane apparatus

5 for degassing 7. In this case, the membrane module for dissolution of a

gas 11 or the membrane apparatus for degassing 7 may be used as a

means for mixing in place of the inline mixer 15. After the concentration

of hydrogen dissolved in the functional water is measured by a

concentration monitor for dissolved hydrogen 16 and pH is measured by a

10 pH meter 17 or the like, the functional water is transferred to some points

of use. The concentration monitor for dissolved hydrogen 16 and the pH

meter 17 or the like are used for confirming that the concentration of
hydrogen and the pH are set at the desired values.

Figure 2 shows a process flow chart of an embodiment of the

15  apparatus for supplying gas-dissolved water (a functional water) utilizing

the apparatus for continuous dissolution of the present invention. The

apparatus for supplying gas-dissolved water is comprised of a functional

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
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ultra-pure water and also the flow rate of the ultra-pure water. As the

means for adjusting the flow rate of water, a combination of a valve and a
pump may be used in place of the valve.

In the functional water supply portion B, a water tank 21 and a

5 circulating piping system comprising a piping 22 from the water tank 21

towards points of use and a piping 22’ returning from the points of use to

the water tank 21 are disposed. In the piping 22, a pump 23 is disposed

as the driving source for supplying the functional water through the

circulating piping system and a filter 24 is disposed at a position at the

10 downstream of the pump. The water tank 21 is tightly closed with a

cover 30 so that the water tank is shigl.ded from the atmosphere. To the

gas phase portion of the water tank, a pipe for supplying a sealing gas 26

is connected so that the inside of the water tank can be sealed and a

portion for discharging a gas is formed so that the pressure inside the

15  water tank can be kept constant although this is not shown in the Figure.

As the gas used for the sealing, the same 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 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 functional water production portion A is supplied is

connected. To the water tank 21, a water level meter 25 is disposed.

18
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The signal from the water level meter is transferred to a valve 19 of the

functional water production portion A and the valve is opened, closed or

used by adjustment of the degree of opening. It is preferable that the

volume of the gas phase portion within the water tank 21 is as small as

5 possible so that the change in the concentration in the gas-dissolved water

is suppressed. For this purpose, it is preferable that the water level

meter 25 can detect the surface of the gas-dissolved water at a position

close to the lower face of the cover 30. By keeping the volume of the gas

phase portion small, the partial pressure of the gas dissolved into the

10  aqueous phase and the partial pressure of the gas in the gas phase portion

can be brought into the equilibrium in a short time and the change in the
concentration is kept small.

In the apparatus for supplying gas-dissolved water shown in Figure

2, the functional water in the water tank 21 is transferred from the piping

15 22 to some points of use by the pump 23 and the functional water in an

excess amount and not used at the points of use returns to the water tank

21 via the piping 22’ and circulated through the circulating piping system.

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 level reaches the lower limit, the signal of the

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

ultra-pure water to the functional water production portion A starts and

19
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the flow rate of the supplied water is controlled by adjusting the degree of
opening of the valve. In the functional water production portion A, as
shown in the descriptions for Figure 1, the flow rate of the supplied
ultra-pure water is measured by the flow meter 8 and the gas (for example,

5 hydrogen) to be dissolved into the ultra-pure water is supplied to the
membrane module for dissolution of a gas 11 under control of the flow rate

in accordance with the value obtained by the measurement. Thus, the
functional water having the same concentration as that of the gas
dissolved in the functional water in the water tank is produced. In thé

10 same manner, the prescribed amount of the chemical (for example,
aqueous ammonia) in accordance with the flow rate of the ultra-pure
water is added to the functional water. The produced functional water is
transferred to the water tank 21, temporarily stored in the water tank
together with the unused functional water in the excess amount énd

15  delivered for use at the points of use via the circulation water system.
When the freshly produced functional water is supplied to the water tank

and the water level of the water tank reaches the upper limit, the valve 19

is 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 functional water producing portion A is temporarily stopped.
Alternatively, even when the water level 25 detects 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 mechanism for overflow which is not shown in the Figure is

25  disposed 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
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stored gas-dissolved water does not exceed the capacity of the water tank
21. Since the concentration of the dissolved gas in the produced
functional water can be adjusted at the desired value even when the flow
rate of the ultra-pure water changes, the concentration of the dissolved
5 gas can be kept at the same value as that of the unused functional water
in either case where the water level in the water tank is recovered rapidly
or slowly to the upper limit and, as a result, the functional water having a
constant concentration can be supplied to the points of use. Therefore,
when the apparatus of the present invention for supplying gas-dissolved
10 water is used, the functional water in an excess amount at the points of
use can be collected to the water tank and reused in combination with the
freshly supplied functional water. In conventional processes, since it is
difficult that the functional water having a constant concentration is
obtained when the flow rate of the supplied water changes and it is also
15 difficult that the concentration of the freshly supplied functional water is
adjusted at the same value as that of the functional water in the excess
amount, the functional water in the excess amount is discharged to the
outside or 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
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the gases in the gas phase are kept constant.

It is preferable that a heat exchanger is disposed at a suitable
position in the circulating piping system such as a position between the
pump 23 and the filter 24 so that the elevation of the temperature of the

5  water due to the heat of the pump can be suppressed and the temperature

of the functional water can be kept constant.

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

not limited to the examples.

Example 1
Hydrogen-dissolved water was produced by using the apparatus for
15 producing a functional cleaning water shown in Figure 1. 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 the 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
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gas-permeating membrane and hydrogen-dissolved water was produced.
The production of the hydrogen-dissolved water started under the
condition of a flow rate of the ultra-pure water of 20 liters/minute and an
amount of supply of hydrogen of 260 ml/minute. After the start of the
5 production, the flow rate of the ultra-pure water was changed to 10
liters/minute after 30 minutes, 15 liters/minute after 60 minutes, 20
liters/minute after 80 minutes, 25 liters/minute after 110 minutes, 20
liters/minute after 120 minutes, 2 liters/minute after 150 minutes and 20
liters/minute after 180 minutes. The production of the hydrogen-
10  dissolved water was conducted for the total time of 200 minutes.
The flow rate of the ultra-pure water, the amount of supply of
hydrogen and the concentration of hydrogen in the hydrogen-dissolved

water which were obtained by the measurements are shown in Table 1.
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Table 1
Time Flow rate of Amount of Conen. of Note
ultra-pure supply of dissolved
5 water hydrogen hydrogen
(min) (liter/min) (mV/min) (mg/min)
1 19.45 261 0.08
5 19.73 256 0.80
10 10 19.24 257 1.01
14 19.64 257 1.11
17 19.59 257 1.12
20 19.76 256 1.15
25 19.53 256 1.12
15 30 10.87 135 1.11 flow rate of ultra-pure
water was changed
35 10.64 132 1.12
40 10.97 136 1.11
50 10.78 138 1.12
20 60 15.18 192 1.12 flow rate of ultra-pure
water was changed
65 15.27 200 1.10
70 15.35 201 1.15
80 19.65 258 1.15 flow rate of ultra-pure
25 water was changed
90 19.88 256 1.10
100 19.66 256 1.15
110 24.21 323 1.14 flow rate of ultra-pure
water was changed
30 113 24.08 325 1.15
117 24.356 327 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 2568 1.12
150 2.05 26 1.14 flow rate of ultra-pure
water was changed
160 2.04 26 1.16
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 1.11
185 20.10 260 1.13
190 20.00 259 1.14
45 200 19.97 257 1.13
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As shown in Table 1, when the production of the hydrogen-dissolved
water was started under the condition of the flow rate of the ultra-pure
water of about 20 liters/minute, the concentration of the dissolved
hydrogen exceeded 1.00 mg/liter after 10 minutes and reached 1.11

5 mglliter after 14 minutes and the condition which can be used as the
functional water for cleaning electronic membe.rs could be achieved.
After the start 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 and
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
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particﬁlar, cleaning water or surface treatment water used for electronic

materials which particularly requires a precisely clean surface can be

supplied without loss and the cleaning treatment or the surface treatment

can be conducted with excellent reproducibility. When a small flow rate

5 set for saving water is increased to a flow rate in the ordinary condition,

the concentration of the gas dissolved into functional water is always kept

constant, the time lag for stabilization is eliminated and the loss in water
can be prevented.

Using the apparatus for supplying gas-dissolved water, unused

10 functional water in an excess amount can be collected and reused.
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CLAIMS

1. An apparatus for continuous dissolution which comprises a dissolution
portion for dissolving a gas into a main stream liquid, the apparatus
5 further comprising a flow meter which measures a flow rate of the main
stream liquid and outputs a signal of a value obtained by the
measurement, a mechanism for controlling a flow rate which controls an
amount of supply of the gas based on the signal input from the flow meter
and an apparatus for degassing the main stream liquid which is disposed

10 at a position at an upstream of the dissolution portion for dissolving a gas.

2. An apparatus for continuous dissolution according to Claim 1, wherein

the main stream liquid is pure water or ultra-pure water.

15 3. An apparatus for continuous dissolution according to Claim 2, which
comprises a means for injecting an other liquid into the main stream
liquid and controls an amount of addition of the other liquid based on the

signal.

20 4. A process for continuous dissolution which comprises continuously
dissolving a gas or a gas and an other liquid into é main stream liquid,
wherein the main stream liquid is degassed before the gas is 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

25  before the degassing or after the degassing.
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5. An apparatus for supplying water containing a dissolved gas which
comprises: |

a portion for producing the water containing a dissolved gas
comprising:

5 an apparatus for dissolving a gas which comprises a flow
meter measuring a flow rate of pure water or ultra-pure water and
outputting a signal of a value obtained by the measurement and a
mechanism for controlling a flow rate which controls an amount of a gas
to be dissolved into the pure water or the ultra-pure water based on the

10  signal input from the flow meter, and

a means for adjusting an amount of water which adjusts an
amount of the pure water or the ultra-pure water supplied to the
apparatus for dissolving a gas, and

a portion for supplying the water containing a dissolved gas

15 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

20  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

25 tank; and

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