7 June 2004 Specification WATER- DI STRI BUTI ON PI PI NG OF GAS- DI SSOLVED
CLEANI NG WATER Det ai | ed Description of the Invention' This i7nesoos
concerns water-distribution piping for cleaning water in which gas is

di ssol ved. More specifically, this invention pertains to water distribution
piping that is for gas-dissolved cleaning water, and is capabl e of
distributing cleaning water in which self-deconposing gas is dissolved
fromthe main pipe to branch pipes having nmultiple use points over a |long
di stance while keepigﬁe?ﬁ£°§H§”concentration level s at all use points
essentially constant. Renoval of foreign particles fromthe surface of

el ectronic material s i.licon bases for sem conductors, glass

such as_sili
bases for liquid cFHESERrDISTRIBYLICN BERENG (Qf GHOIRESHYED i s extrenel y

inmportant to ensure high producteguabigy wikd ow defect rates. Wt
cleaning is widely practiced for this purpose. Use of cleaning fluids

whi ch have sfylep i I s DOWRI Y| ive for the renoval of organic
and net al cfgr?t aﬁfﬁ‘ﬁ%{%&@%e@n@f3%3?{11%&}?%?}._ t enperature cl eani ng has
been performed using such fluids as a m xture of sulfuric acid 1 7 June

2004 and hydrogen peroxide (SPM cleaning fluid) and a m xture of

This invention concerns water-distribution piping for
cleanilng water in which gas is dissolved. More specifically,
this invention pertains to water distribution piping that is for
gas-dissolved cleaning water, and is capable of distributing
cleaning watér in which self-decomposing gas is dissolved
from the main pipe to branch pipes having multiple use points
over a long distance while keeping the gas concentgation levels

at all use points essentially constant.

Removal of foreign particles from the surface of
electronic materials, such as silicon bases for semiconductors,
glass bases for liquid crystal, and quartz bases for photomasks,
is extremely important to ensure high product quality and low
defect rates. Wet cleaning is widely practiced for this
purpose.  Use of cleaning fluids which have strong oxidation
power is effective for the removal of organic and metal
contaminants. Conventionally, high temperature cleaning has

been performed using such fluids as a mixture of sulfuric acid



hydrochl ori ¢ acid, hydrogen peroxide and ultrapure water (SC2 cl eaning
fluid). In recent years, such wet cleaning processes began7tjan®eo04
guestioned in order, to reduce the trenmendous cost of chem cals, the cost
of ultrapure water for rinsing, waste fluid treatnent cost, and the cost
~of air conditioning to ventilate chem cal vapors and manufacture clean
air, as well as lighten the |oad on the environnent, caused by enornous
wat er usage, nassive chem cal disposal, and the rel ease of exhaust gas to
t he at nosphénd, hdrogenvpe cowiatee §5Payclichaingofivédy iaandla slieantae et hods.
Earlier, the inventors devel oped gas-dissol ved cleaning water for cleaning

el ectroni c hgtdeoicallsriy a8i@shyvirogefzpdfotite Qﬂﬁ%ﬁ%ﬁre%ﬁ?@ @c‘ﬁat er

made from pure water in which® ozone is dissolved nstrates tremely

‘power ful oxj ' y 0. spitg o0 concentrati on of di ssolved ozone,

\a,hi ch arrnuntzgeﬂatt%1 F%/&sc@%rgln %‘Hﬁg#gﬁs’pﬁ?gﬁiwgi .C?ﬁ"f’lﬁl’i}\ﬁtpe"roqe§seﬁsed in
processes i whic ontam nants, .nanely organic and netal inpurities that
adhere to tﬁggéﬂr&a@é grestioaadip Orded: & fadyce dhe trarmoendousnaost her

processes in which the surface of silicon bases is oxidized evenly to
create a | a9bchsmietlsnitbgl cost détilorapitenw deaafo mgineingy, wastdhi ch ozone
Is dissolved | eaves no residues, and thus keeps the surface of 2 7 June
2004 cl eaneffuitienmeathrart. cdbi,sané@ttde &b $0ohasratb paiiesnpslyant age

ventilate chemical vapors and manufacture clean air, a s well as

Iighten the load on the environment, caused by enormous water

usage, massive chemical disposal, and the release of exhaust

gas to the atmosphere, all of which accompany the

conventional cleaning methods.

Earlier, the inventors developed gas-dissolved cleaning

water for cleaning electronic materials by dissolving ozone in

pure water. Cleaning water made from pure water in which

ozone is dissolved demonstrates extremely powerful oxidation

in spite of the low concentration of dissolved ozone, which

amounts to only several milligrams per liter. The water is

used in processes in which contaminants, namely organic and

metal impurities that adhere to the surface of electronic

materials, are removed, and other processes in which the

surface of silicon bases is oxidized evenly to create a layer of

chemical oxidation film. Cleaning water in which ozone is

dissolved leaves no residues, and thus keeps the surface of
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of being reusable as it becones high purity water again after ozone is
deconposed or renoved. However, dissolved ozone in ozone-di7sisaevecd

cl eani ng wat er sel f-deconposes over tine and beconmes oxygen gas. For this
reason, distribution of ozone-dissolved cleaning water through a | engthy
pi pe has been considered to be inpractical because of the difficulty of
mai nt ai ni ng and controlling ozone concentration. In response, the inventors
di scovered that it is possible to suppress a drop in ozone concentration
and di st ri bektangst étemsvedeaq.| onhhif staiscealsp hixianaddedeadvantageng gas
and pure water inside the distribution pipe while they are being

del i vered, ahdepngprsechlileeaodoncealimes! ivigt E'u@@ﬂwi Rea teRT £FairSUPRIY System
shown in Diagram|. Fromthe oxygen gas tank | and the nitrogen gas tank

2, am Xtur@zé’ﬁé%y@%‘oggfﬁs;égfogaréﬂﬂ%teﬂ a”%@%veqfeﬂ&irsggwegﬁfﬁéeﬁ%sem to

the silent discharge o to manufacture a gaseolus m f ozone
and oxyge ghic IS sent by.an ejector d a pu etc. into pure
wat er , nan[}fnggiap #adb%}%@ieﬁgciﬁaﬁb% é&%ﬁ"ﬂnﬁ%ﬁf‘qﬁﬁﬂﬂfﬁg@es 8T ptEHt and
ul travi ol et H;ﬁ@gxidation equi pnent etc. at the ozone dissolution
equi pment 43 PIBESUBX B R ERS-of Fordhés andsorygbintjhaitionesf with pure
water to create a vapor- liquid mxture. Ozone dissolves in water to form
ozone 3 7 Jmrn@ol4sdilved| cledndhgawiangr watreughhi den git Ayt pip & 4B
vapor-liquid state, -

been considered to be impractical because of the difficulty of

maintaining and controlling ozone concentration.

In response, the inventors discovered that it is possible to

suppress a drop in ozone concentration and distribute water

over a long distance by mixing ozone-containing gas and pure

water inside the distribution pipe while they are being

delivered, and proposed the ozone-dissolved cleaning water

supply system, sho“ulinﬁDiagfanllu From the oxygen gas

tank 1 and the nitrogen gas tank 2, a mixture of oxygen gas and

a minute amount of nitrogen gas is sent to the silent discharge

ozonizer 3 to manufacture a gaseous mixture of ozone and

oxygen gas, which is sent by an ejector and a pump etc. into

pure water, manufactured by using an ion exchanger, membrane

equipment and ultraviolet ray oxidation equipment etc. at the

ozone dissolution equipment 4. The gaseous mixture of

ozone and oxygen gas mixes with pure water to create a vapor-

liquid mixture. Ozone dissolves in water to form ozone-



flows down the main pipe S. Ozone which dissolved in water turns into
oxygen gas through sel f-deconposition. The .anount of ozone7riafdigddpn
resulting fromself-deconposition is replenished as ozone that is in the
gas phase dissolves in the water phase. The result is that the ozone
concentration in water stays essentially constant. Ozone-di ssol ved
cleaning water is taken from branch pipe 6, and consuned at use point 7
after vapor .and liquid are separated, by either the vapor-liquid
separation @Eﬁﬁ(’dﬁ’@ clenming matertwhkchy inghegsame papperliguad stbtdpl es to
collect at the top part of the pipe. Surplus ozone- dissolved cleaning

wat er whi chfliesvaatowaksre ondinf pope F.ancOzopiep@shiich figsdlveassedyhfyough the
ozone deconposition equipnment- 8 to deconpose and renove ozone in the

vater and Gas PIREPOx @Q@Wﬂ&ﬁ%ﬁkbﬁ&/&%pé%bﬂ.Sepﬁﬁ@ti0”

equi pnent 9 to separaté the~-gas ph romthe phase.” "The gas phase
s rel eased e.at nosphe as exhaust. ga and e water phase, is
recover ed a%fng\’/a‘él{}eoaggg)ﬁ f)é(glé‘é@géldr%tss“ qu%iggg"r§e§igetcé’6§58.sﬁ'¥ﬁflslsozone
di ssol ved cl ealni ng wgt er supply system has nmade it possible to deliver
wat er over EFPI§ndbhadaavozedeethats 1ndthe g7niphavodésswkss imdhel eani ng
wat er supply system was devel oped assuming a sinple distribution route,
such as onewiter phasgne Z0iel rekuthinthatthiessod wedod carniragi owtiar i s
delivered directly to a

water stays essentially constant. Ozone-dissolved cleaning

water is taken from branch pipe 6, and consumed at use point 7

after vapor and liquid are separated, by either the vapor-liquid

separation equipment in a buffer tank or using the property of

bubbles to collect at the top part of the pipe. Surplus ozone-

dissolved cleaning water which is not taken out from branch

pipes is first passed through the ozone decomposition

equipment 8 to decompose and remove ozone in the water and

gas phases, and then led to the vapor-liquid separation

equipment 9 to separate the gas phase from the liquid phase.

The gas phase is released to the atmosphere as exhaust gas, and

the water phase is recovered as waste water, processed as

necessary and reused. This ozone dissolved cleaning water

supply system has made it possible to deliver water over a

distance of more than 100 m.

This ozone-dissolved cleaning water supply system was

developed assuming a simple distribution route, such as one in
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use point fromthe main pipe through a branch. Wth an increase in the
size of electronic material factories in the recent years, 7hianeyends a need
has arisen to transport ozone- dissolved cleaning water fromthe main pipe
to branch pipes which have nultiple use points. Branch pipes can extend
fromthe main pipe in a nunber of different ways depending on factory

| ayout. Moreover, branch pipes may, in sone situations, need upstands or
down pipes, due to locations of other machinery. These variations cause

fluctuati onshirht beoneafdsdived 8] duninyr & at8F1i9 N WBEOd QRPBBIISONS &l Ni ng
gas and pure water inside branch pipes. A problemhas thus ari'sen in that

It was diffi,cul | M, .C i at thas ynif ozone
concentrati 1l)’(r§1l!'l ﬁl%itelﬂpgltbggs%ﬁeowfi%i g%%’ég{)yéﬂ flgsbr'?igcglf'f em{]&q di stribution
pi pi ng for ggas-‘di ssol vgd cl eani.ng wat er, whi ch i(.:?gn supply .cleaning water

wi th near | yTROHASNID §8¢ Hascehelastionigmateriddagiorins invde when t he
cleaning water in which a self- deconposing gas is dissolved is transported
over a |ongreekit jnaesf homever,nmineed bes tari be mrioht minsgs tavzege nul tipl e
use points in a wet cleaning process of electronic materials. 5 7 June 2004

As the resullissaflvedscimiin g esaer drowprtket agal ppd E@_b@%@g‘i‘ﬁéyi bed
problem the inventors discovered that the installation of an"in-Iline
mxer at a RAich hAVEdhAIApNe UAY pSMlls. Branch pipes can extend

from the main pipe in 2 number of different ways depending on

f-actory layout. Moreover, branch pipes may, in some

situations, need upstands or down pipes, due to Jocations of

other machinery. These variations cause fluctuations .in the

vapdr_—li_quid mixture ratio between ozone-containing gas and

pure water inside branch pipes. A problem has thus arisen in

that it was difficulf to supply cleaning water that has uniform

ozone concentration.

The purpose of this invention is to offer water-distribution
piping for gas-dissolved cleaning water which ca-n supply
cleaning watfer with nearly constant gas concentration at all use
points even when the cleaning water in which a self-
decomposing gas is dissolved is transported over a long
distance from the main pipe to branch pipes having multiple

use points in a wet cleaning process of electronic materials.



of a branching point at which a branch pipe extends fromthe nain pipe
made it possible to control the vapor-liquid mxture ratio7heheeemthe gas
and pure water inside the branch pipe, and supply cleaning water that has
a uniformgas concentration. Based on this discovery, the inventors
conpleted this invention. 6 7 June 2004 In accordance with an aspect of
the invention, there is provided a water distribution piping for ozone gas
di ssol ved cl eaning water which distributes cleaning water, mde by
di ssolving ozone gas in pure water, in the present of a gaseous m xture of
ozone and oxygen gas, the water distribution piping including a main pipe
and a plurality i i from_the main,pipe, conprising:
an in-line nixefB{ﬁgégggpéfé?§%§?§é§ﬁgoggﬁﬁﬁﬁﬂhﬁPﬁg'éisﬁhf%ﬁﬁﬁ branch pi pe
extends from the pain pipe. qu gas- di ssol ved c| eani ng wafer distribution
pi pi ng of i %ﬁeéﬂgﬂaﬂﬁﬁﬁtp%ﬁbﬁ%ﬂsthﬁvéﬂﬁﬂdﬁf$§h590ﬁﬁféﬂt@ﬂéﬂhﬁbution
pi ping that transports cleaning water, which is pure water in which gas is
di ssol ved, instaHatpreodnoe infligasmiznd aitncpodes inma t dietely xepstrehai are
installed i mediately upstream of the points at which branch pipes extend
fromthe rmdif’la}iﬂm(:h'ﬁhlg potef atdi Bich l&UbiQﬁ‘cﬁic}Hip@geﬁfeﬁJ% $roBVEREion is
particularly suitable for distributing ozone-disSsolved cleanling water,
which is pr y 1 us,.n d. ox n_gas.
Di agram 2 raeet JHpE/m B BoHSARRFo THEbF (B MAZORIRDNP ARALS
wat er -di strj_butio I pi of thi,s invention. Fromthe oxygen gas tank 1
and the ni trlag e:?egg}s%’etpnaﬂ@e Bas 2l pure wateg, anside té’&sgé‘hﬂlcg MiPfut e anount
of nitrogen gas is sent to the silent discharge ozonizer 3 to manufacture
a gaseous ri’i‘%éaﬁPBPbY dsdAbn A G rydet lps 2 weifowm gasennéynatigect or and
a punp etc. to pure water that is manufactured by using an ion

Based on this discovery, the inventors completed this:

invention.



7 7 June 2004 exchanger, nmenbrane equi prent and ultraviolet ray oxidation
equi pnent at the ozone dissolution equi pnent 4. The gaseous 7 Jijh¥ oo£ of
ozone and oxygen gas mxes with pure water to create a vapor-liquid

m xture. Ozone dissolves in water to form ozone-dissolved cleaning water
which., in the sane 7a 7 June 2004 vapor-liquid state, flows down the main
pi pe 5. ITRecaidange with an asnsgt ofdhe piventiay, tifere Isi ovidedea iaten distribudinn ipiping foe

m xer 12 inmediately upstream of the branching point 11, where a "branch
pi pe 1. OZBpgenclissohrdfdeaninchwateniwhigh gdistributeShaedningnuhterpinade 1y diasoiving or
nore use points 7. . Qzone-dissolved cleaning water that is not used at
the use 9BBIHH8S Inspureslers dthe mpieasnt bf @ besecsis anieiure i greng Znd Tixggen gas, e
particular restriction on the types of ozonizer and gas Q|ssoIV|pg

equi prreateIsEwripyiioniring inckwingonmain piex antiplpdurelity of branzie pipeexzipting Hom
exanpl e dictated above, is that ozone is generated by water electrolyzing
devi ce. theEm@ifpPies, edmprisingtiansiotling myxercioinpediately iupstreate ofjeach oint pperhiphsa

di ssol vers, and gas diffusing dissolvers that diffuse gas in pure water,
as wel | bEnchaiperertendsifram themaiamipe ype di ssol vers that  di ssol ve gas t hat
I's supplied to one side of a gas perneable nenbrane in pure water that is
on the other side of the

The gas-dissolved cleaning wafer distribution piping of in an embodiment of this invention is
a water distribution piping that transports cleaning water, which is pure water in which gas is
dissolved, in the presence of gas, and includes in-line mixers that are installed immédiately
upstream of the points at which branch pipes extend from the main pipe. The water
distribution piping of this invention is particularly suitable for distributing ozone-dissolved

cleaning water, which is prepared by using a gaseous mixture of ozone and 0Xygen gas.

Diagram 2 is a distribution diagram demonstrating a mode of a water-distribution piping of
this invention. From the oxygen gas tank 1 and the nitrogen gas tank 2, a mixture of oxygen
gas and a minute amount of nitrogen gas is sent to the silent discharge ozonizer 3 to
manufacture a gaseous mixture of ozone and oxygen gas, which is sent by an ejector and a

pump etc. to pure water that is manufactured by using an ion



menbrane through the nmenbrane. In-line mxers that are used in the water
distribution piping of this invention should ideally be thpggnd had4 have
high mxing capability, are capable of breaking up gas bubbles that enter
the flowin concentration at the top of the main pipe into mnuscule

bubbl es and distributing themevenly in the water, have mninmal pressure

| oss, do not generate too heavy 8 7 June 2004 resistance to transportation
of cleaning water to distant points, are cledn and not inclined to

cont am nat exthenwat e 2 RAaV, ] ~ | es of. sych m xers are
static nmixers that’ (anoe[ﬁggaﬁgviquégﬁngﬁ?\%ﬂid;aggﬁat@?%éﬂnoex’gsggf?‘i‘ati on type
ul trasoni c, m 3 pi peline,.m xers. wwth a built-in turbine and a
stator. Anohy Egégqglthéat‘géoﬁf@r%oﬁ‘néto”dﬁq%i’mr?aWe‘l-anyThGrg%Wﬁ)arts are
especially sui tabl? because they are easy to nmintain and conpletely free
of any pos@tbiyia ¢fdrzes 2nd; esyieeadges cnikeas withepucow afdmat i on by
foreign particles. There is no particular restriction as to the nodel s of

static nicrerse thaw poanl ieidsadxtEeanpl @sonked Hsudiestifalvlaygo mul tiple
elements inserted in a pipe to divide the fluid flow and wuse the divided

flow and tfaent Wl Las6 AReU 8 LY; d D [ . for itation, mxers which
contai n pol ygon structur es\, aﬁge%&ﬁ&?%i ‘gﬁlg elgca]‘ 'epf)%ﬁwwi th mul'tiple
el enents that have dividing holes to divide and m x by form ng a nunber of

7a



division | ayers. Anong these, static mxers of the type that create
divided fluid flows can be used nost suitably. Wen the watgyushk 86g4 buti on
piping of this invention.is wused to distribute ozone-dissolved cleaning -
water, it is desirable for the in-line mxers to have resi stance to ozone.
In other words, it is desirable for the in-line mxers not to deteriorate
as the result of oxidation by ozone, to be inert to 9 7 June 2004 ozone,
and not to reduce di ssol ved ozone concentration by triggering ozone

deconpos! UAiho AARI S (e, ! oW oW EGhE miIhCRiPOSEeSSTRUGD, [ 8! Stance to

ozone are i Ine mxers that are e of el Puor or €5i n8'Cuch as
per fl uor oal koxy.,resin RFA), .pol.yvi nyli dene fl uorjde(PVDF),

pol yt et r af I‘ﬁé?%gt“ﬁwﬁrpl IP@%:Ef ,tgﬂétlflé(FFlﬁtﬁlekaﬁy?Bﬂﬂh&% mGredpl dpy| ene
co-polymer (FEP) netal s whose surface has been passivated, high.purity
quarts, or iftagdiately npsheaam of sheitmanahing posgt dfl,twhererwention, an
in- line mxer is installed imedi ately upstream of the branching point at

which a br dnalrch pipediebdsnthemdfferon thpimein pipeds s esThle be@schubbl es
are broken up into mnuscul e bubbles and dispersed in the vapor-liquid

e 1 ipeongutel hheoyanesy iy Ko Degblarglhabe b e [0 e
the Tluidipahiify WhlePtPS: (9310 EST 3t §s 2P0 is e SV e RS
through the recovery pipe 13.

There is no particular restriction on the types of ozonizer
and gas dissolving equipment used in this invention. A
examaple of ozonizer, except the example dictated above, is
that ozone is generated by water electrolyzing device.
Examples of gas dissolving eri’uipment include ejector-type gas
dissolvers, and gas diffusing dissolvers that diffuse gas in pure
water, as well as gas permeabie membrane-type dissolvers that
dissolve gas that is supplied to one side of a gas permeable
membrane in pure water that is on the other side of the
membrane through the membrane.

Iﬁ—line mixers that are used in the water distribution
piping of this invention should ideally be those that have high
mixing capability, are capable of breaking up gas bubbles that
enter the flow in concentrafion at the top of the main pipe into

minuscule bubbles and distributing them evenly in the water,

have minimal pressure loss, do not generate too heavy



branch pi pe extends fromthe main pipe--straight down, horizontal, or
straight up. Wien the gas that is dissolved in pure water i % Jageneg4the

di ssol ved ozone concentration in the ozone-di ssolved cl eaning water that

fl ows through the main pipe can be made essentially constant. This is done
by transporting the ozone-dissolved cleaning water that flows out of the
gas di ssol ving equi pnent 10 7 June 2004 in the formof a vapor-liquid

m xture fluid that coexists with gas that contains undi ssol ved ozone.

Di agram 3 expimitancthe tmecpYtsmmodf okedrbignhea0epne diRRERNpodbikon at a
fixed level. 1In the diagram the horizontal axis represents the |ength of

the min Phpe dBgheaRd Wik HClihea! tAKbAARRNGIENHS Hiiter CORGCRALALI ON Of

di ssol ved ozone. en ozone-contailning gas is supplie 0 pure water at

t he gas-dissal yi ng equi pne A7 .ozong di ssol.ves in pure, water, causing
38-dead sm mpJes ks

di ssol ved o r at’t DR ©F| S0 B CTHAMEVER N QUK TSy j se in the
concentration of ozone that is dissolved in pure water, ozone |osses due
to self -detimbp8siRpbhavie eny drivdngi pertsagnachine wWseibaiton Hape, ozone
that exists in a gaseous state is nore stable than ozone that is dissolved
in water, anttrabosioznieets)atnd pipelimd minetiss@dtlyadbgal-imatrehsonpani es
the water flow dissolves in water. As a consequence, at point B, the
amount  of RANE stAWIr.| S ARIngl¥Re§ O, SRlthc mPEEATPRR HbORol Bal/iCapt er

driving parts are especially suitable because they are easy to

maintain and completely free of any possibility of gas-

dissolved cleaning water contamination by foreign particles.

There is no particular restriction as to the models of static

mixers that can be used. Examples are mixers that have

multiple elements inserted in a pipe to divide the fluid flow and

use the divided flow and the turbulence created by the action

for agitation, mixers which contain polygon structures, and

mixers which are equipped with multiple elements that have

dividing holes to divide and mix by forming a number of

division layers. Among these, static mixers of the type that

create divided fluid flows can be used most suitably.

When the water distribution piping of this invention is
used to distribute ozone-dissoived cleaning water, it is
desirable for the in-line mixers to have resistance to ozone.

In other words, it is desirable for the in-line mixers not to

‘deteriorate as the result of oxidation by ozone, to be inert to

9



bal ances with the anmount of ozone in the acconpanying undissolved gas that
di ssolves in water, allow ng the dissolved o0zone concentratijane 2004 he
ozone-di ssolved cleaning water to remain at an approxi mately constant

| evel . When ozone- dissolved cleaning water flows further downstream of the
main pipe, the amount of ozone in the acconpanyi ng undi ssol ved gas
decreases. At point C, it becones difficult for the anount of 11 7 June
2004 ozone | ost by sel f-deconposition in the water to remain in

equi |1 bri umypohl, Rl AFUR r Odu O HIsb N d YR ¥Bhcehtk G onpier fromthe

acconpanyi ng undi ssol ved gas. The di ssol ved ozone concentration begins. to

taper at thj ' In.th ter distribution piping.of this invention, it
is desi rab*@gggkgﬁeg O&B’Dae g?‘%ﬁ’ﬁ&ﬁ%ﬂ‘b‘b‘?m fﬁxﬁﬁﬁﬁﬁﬁgﬁ lﬁ":gle“%gﬂ/ﬁerﬁ poi nt
B and poi nt ,o‘g the main pipe. If the condition of the vapor-liquid

mi xture of ch pPEsess suehpresietingieto oz Qe aggnim-line apxegsnthat on of
the vapor-liquid mxture of the fluid in the main pipe, the changes in the
di ssol ved oamnenzdecdnertdeirdiluofroroziarsesuichsad pedfluoranilkg xwatesin hat f 1 ows
t hrough the branch pipe fromthe branching point becone identical to the

changes i n(RRA)JiFsIgiviad ] REORE fEOaFI¥(PA D ,gj’oltﬁﬁtfhzf‘l’ﬁérgkﬁﬁﬂe‘&?d vat er

that flows down'the nmain pipe. As a result, o0zone- dissolved cleani ng water

that has a (PPER), GRPRHARbroE AIYRA-IAYaMiu bRopHEpY it LB-BRTyRles™r e Use

poi nts that
(FEP) metals whose surface has been passivated, high purity

quarts, or glass.

In the water distribution piping of this invention, an in-
line mixer is installed immediately upstream of the branching
poinlt at which a branch pipe extends from the main pipe. As
a result, gas bubbles are broken up into minuscule bui)bles and
dispersed in the vapor-liquid mixture fluid so that the vapor-
liquid mixture ratio of the fluid in the branch pipe is
approximately the same as the vapor-liquid mixture ratio of the
fluid in the main pipe regardless of the angle at which the
branch pipe extends from the main pipe--straight down,
borizontal, or straight up.

When the gas that is dissolved in pure water is ozone, the
dissolved ozone concentration in the ozone-dissolved cleaning
water that flows through the main pipe can be made essentially
constant. This is done by transporting the ozone-dissolved

cleaning water that flows out of the gas dissolving equipment

10



up on the branch pipe. Wien the vapor-liquid mxture fluid in the branch
pi pe contains only a small anobunt of ozone- contai ni ng gas, 7tJoge 20gdint of
ozone that dissolves in ozone- dissolved cleaning water fromthe gas phase
is small. It then becones inpossible to replenish ozone that is |ost,

t hrough self-deconposition in the ozone-containing cleaning water, and

t he di ssol ved ozone concentration in the cleaning water drops 12 7 June
2004 rapidly. In the water distribution piping of this invention, an

in-line mxar the forshalf edvd pordi g4 Al mbpireeAwiaf t Hhec POk s whar e a
branch pi pe branches off fromthe main pipe so as to keep the condition of
t he vapor - |-} gui ' y I i gl J ch pi. i dentical to the
condition o ggﬁga?aag%ﬁ-al Pguﬁdﬁjls%%%%grﬂeog{’ﬁ?d i@}te%éa%igneﬂ)i} OSAENG ‘
consequence, the concegtratio‘n OL di ssol ved ozone jn the gzone-di ssol ved

cl eani ng walt§CHAs 14 o ke ¢ mig dhe 90 B Saredtsation abanfizeselevel a
nearly constant |evel. Even in instances where branch pipes are |engthy
and have nuit itheediggrage; the hatizonsal paiistrepreaentetbeiphigeh of the cl eani ng
wat er that has an al nbost constant dissolved ozone concentration. \Wen

gas-di ssol vmdialeRrd nchewiar the veandAci Misede pre Wifts RNtral |ocation and
supplied to various use points in a plant through water distribution

pi pes, the &hdeimtids & HENIIRRY oLB3k2! | 8FHlch 82806l 2RI AlniRES! t1 ON-

However, branch pipes that
gas is supplied to pure water at the gas-dissolving equipment A,
oione dissolves in pure water; causing dissolved ozone
concentration to rise rapidly. Howéver, with a rise in the
cqncentrétion of ozone that is dissolved in pure water, ozone
losses due to self-decomposition in the water increase. On
the other hand, ozone that exists in a gaseous state is more
stable than ozone that is dissolved in water, and thus ozone that
exists in undissolved gas that- accompanies the water flow
dissol‘ves in water. As a consequence, at point B, the amount
of ozone that is lost due to self-decomposition in the water
balances with the amount of ozone in the accompanying
undissolved gas that dissolves in water, allowing the dissolved
ozone concentration in the ozone-dissolved cleaning water to
remain at an approximately constant Jlevel. When ozone-
dissolved cleaning water flows further downstream of the main

pipe, the amount of ozone in the accompanying undissolved gas

decreases. At point C, it becomes difficult for the amount of
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branch off fromthe main pipe sonetinmes need to have upstands or downpi pes
in order.to circunvent other piping, wiring or pieces of nmaQuma 2004 t hat
are already installed in the plant. Mbreover, use points thensel ves nay
not necessarily be set up on the sane plane as the nmain pipe. They nmay be
set up at higher or |lower positions than the nmain pipe. In sone

I nstances, the nain pipe my be installed on the second floor 13 7 June
2004 whereas use points may be on the first or the third floor. Even in

t hese situations,loist by sedfebsarmpositompiy thaswdissebviednath dani ng wat er
of uniform gas concentration to all use points. The water distribution

pi pi ng for @asiidherchvediichran Ao wat &F o%!‘oﬂé1'¥§a1]§\1ﬁk&1:\§e%t ngtt‘ﬁgpab' e of

controlling the vapor- liquid mxture ratio of t | ows t hrough

branch pip This i ' ing,the.mxing fu i opn. of .in-line
ni xers ang‘%t"lﬁeeI g}r\% egggt%%gzpq%?gﬁ&ﬁgéi"p‘g@sf&lﬂf%g‘?ﬁ't hgf\hﬁi‘ﬁlsﬁioﬂ@?dGas in
the vapor-liquid m xture f) uig tends to collects in the top part of the
pi pe as it $FORME CORENIAGAT PREINS-10 hapod REtbBIs pdiateasier it is to
-break up gas bubbles in the vapor-liquid mxture fluid into mnute

bubbl es and di sknithetwattedisteibyiom piphirgwef ¢his Coventioant ityis it is
desirable to install a long in- line m xer when a branch pi pe branches off

fromthe madesipable tbrset 6prabehhcHPHRIFo Tt HOMEVIEY £h ¢l b‘i?%il%‘t-wa_@hs _
ensures that the condition of the vapor-liquid mxture of the fluird in the
point B and point C on the main pipe. If the condition of the
v'apor—liquid mixture of the fluid in the branch pipe is the same
as the condition of the \-rapor-liquid mixture of the fluid in the
main pipe, the changes in the dissolved ozone concentration of
ozone-dissolved cleaning water that ‘flows through the branch
pipe from the branching point'become identical to the changes
in the dissolved ozone concentration of the ozone dissolved
water that flows down the main pipe. As a result, ozone-
dissolved cleaning water that has a nearly constant
concentration is supplied to one or more use points that are get
up on the branch pipe. When the vapor-liquid mixture fluid
lin the branch pipe contains only a small amount of ozone-
containing gas, the amount of ozone that dissolves in ozone-
dissolved cleaning water from the gas phase is small. It then
becomes impossible to replenish ozone that is lost through

self-decomposition in the ozone-containing cleaning water, and

the dissolved ozone concentration in the cleaning water drops

12



branch pi pe equals the condition of the vapor-liquid m xture of the fluid
in the main pipe. Wien a branch pi pe branches off either upvwaké20w4
downward fromthe main pipe at a slanted angle, the difference between the
condition of the vapor-liquid mxture of the fluid in the branch pipe and
that .of the vapor- liquid mxture of the fluid in the main branch is
smal | er than when the branch pipe extends either straight upward or 14 7
June 2004 downward. Thus the length of the in-line m xers can be shortened

in these sitapitdlgns. [hvidre whate rad izt gibalti hpei Ehalee BE S hii § ARvie@i GBI AnPi Pe i n
a horizontal direction, the angle that the main pipe fornms with the

ranch o peiRll feuRiAde CoRHANR iMlhBateRPh Pk ALl o FUEE WA LN

fluid. In the majority of cases, e mal nt pl'pe and
branch pipes,i s 90,degrees. wever, apgles ofher than.90 degrees can be
used for brSRERe aplbﬁgg.cﬁvl?\’é)rie Sﬁénﬁﬁﬁﬁeﬁ]ﬁ%w& e MRy PiReSHASHO the 1 ow
of the fluid in the main pipe and the branch pipe is small, the fluid in
the branch kt¢R thascendiion of ¢heavap sr-diguidanixtaurenflpidsin ghely different
fromthat of the fluid in the main pipe. Wien the angl e between the

di rection dirardch plipe idfertheal toitliei contiidomaof thepeapog-ligeidr anch pipe is
| arge, and the fluid in the branch pipe flows in a doubl e-back shape from

:Qﬁde' 'tjiod ifikifre FRIA P4 RBe Miain PRl e dASt] iBised el R ebr anch, pipe
concentration of dissolved ozone in the ozone-dissolved
c‘Ieaning water that flows through the branch pipe is maintained
at a nearly constant level. Even in instances where branch
pi_ples are lengthy and have multiple use points, all use points
can be supplied with cleaning water that has an almost constant
dissolved ozone concentration.

When gas-dissolved cléaning water is manufactured at one
central location and supplied to v.';lrious use points in a plant
through water distribution pipes, the main pipe is oftentimes
installed in a horizontal position. However, branch pipes that
branch off from the main pipe sometimes need to have upstands
or downpipes in order to circumvent other piping, wiring or
pieces of machinery that are already installed in the plant.
Moreover, use points themselves may not necessarily be set up
on the same plane as the main pipe. They may be set up at

higher or lower positions than the main pipe. In some

instances, the main pipe may be installed on the second floor

13



becone restricted. In the water distribution piping of this invention, it
I's desirable to select the nodel and length of in- |ine m xeggndgodeki ng
account of these factors. In the water distribution piping for

gas-di ssolved cleaning water of this invention, it is possible to control
the vapor- liquid mxture of the fluid that flows through branch pipes, and
make i ntentional adjustnents to the concentration of dissolved 15 7 June
2004 ozone by using these features. For exanple, gas bubble distribution

to a branch wheeexansbep s maybbedghhy fideperddnethid Fhfo@angl e of the
branch by using a short static mxer and intentionally limting the

break-up of mas; I heir -di-stri i 0 t hey ;are { _nconpl et e.
When nultiple b?gﬁ?ﬁ%gi%ggag:bgfsbrlgrllgk#eéﬁ:)é%lagprto%n?{lﬁﬁi)Frﬁnl%'gil{)seqlvteﬁg
oncentration can be achieved throughout the

uniformty of dissol ve{i ozgne g

wat er distr i‘%ﬁﬂlb'hg NI P hy HAGLT B85 LD CHRBBIW Hiter3kluss ®91ats br anchi ng
points that are close to the ozone dissolving equipnment, and increasing
the gas bubbl e HRetwatan dbvirthutioanpiping forrgas-dissobved fcdeanimg. | n
other words, uniformity of the dissolved ozone concentration can be

achi eved by veateend olyisimnehtipinpés capabhe voohtedfligg theooapoens close to
t he ozone di ssol ving equi pnent straight downward fromthe nain pipe, and

t 23?3 t E?t brrTehma i 28 ra{i%céfitﬁesﬂﬁ?ﬁ‘tﬁ‘ﬁ’@ﬂ5%@&%@1&39%%?1%@9.ng
This is done by adjusting the mixing function of in-line mixers
ﬁnd the angles that branch pipes form with the ma-lin pipe.

Gas in the vapor-liquid mixture ﬂﬁid tends to collects in the
top part of the pipe as it flows. The longer the in-line mixers,
the easier it is to break up gas bubbles in the vapor-liquid
mixture fluid into minute bubbles and distribute them evenly in
the water. Consequently, it is desirable to install a long in-
line mixer when a branch pipé branches off from the main pipe
in a straight upward or downward direction. This ensures that
the condition of the vapor-liquid mixture of the fluid in the .
branch pipe equals the condition of the vapor-liquid mixture of
the fluid in the main pipe. When a branch pipe branches off
either upward or downward from the main pipe at a slanted
angle, the difference between the condition of the vapor-liquid
mixture of the fluid in the branch pipe and that of the vapor-

liquid mixture of the fluid in the main branch is smaller than

when the branch pipe extends either straight upward or

14



straight upward fromthe main pipe. It is also possible to supply cleaning
wat er of varying dissolved ozone concentration |evels to difj{;es ept4 use

poi nts even when all the cleaning water is supplied fromthe sane main

pi pe: use points that require high concentration of ozone in the cleaning
wat er should be connected to branch pipes which branch off strai ght upward
fromthe main pipe whereas use points that require low 16 7 June 2004 -
concentration of ozone in. cleaning water should be connected to branch

pi pes whi chdbmamwiardf f Jthwd ghe ldagihoofithe dm-1ime nnkierspégxebeBy using the
wat er distribution piping of gas dissolved «cleaning water of this

i nvention, thertexd ihi @wsd sitshigndatio of the fluid that flows to
branch pipes can be controlled at branching points on the main pipe so

mxture ratio ad Gk EE% KRandnr O R PR 48l 4R RETR ER e s
o1 nis ovenLRFEP A e b T APEl6 Hhatabhs RS BLDE FOFmS BYshpoi ni s,
Taki ng nore aggressive steps, uniformty of the dissolved gas
concent r at i it baanigd pipe @féeictst tla Icomsditomi wifst Hey vaploiralj quadj ust ments so
that the vapor-liquid mxture ratio.of the fluid that flows to a branch
pi pe differmigbutd@furlss fheid.andn the majority of cases, the angle

between the main pipe and branch pipes is 90 degrees.

However, angles other than 90 degrees can be used for brénch

pipes. When the angle formed by the direction of the flow of

the fluid in the main pipe and the branch pipe is small, the fluid

in the branch pipe has a vapor—liquid mixture that is only

slightly different from that of the fluid in the main pipe.

When the angle between the direction of the flow of the fluid in

the main pipe and the branch pipe is large, apd the fluid in the

branch pipe flows in a double-back shape from the fluid in the

main pipe, air bubble distribution to the branch pipe tends to

become restricted. In the water distribution piping of this

invention, it is desirable to select the model and length of in-

line mixers by taking account of these factors.

In the water distribution piping for gas-dissolved cleaning
water of this invention, it is possible to control the vapor-

liquid mixture of the fluid that flows through branch pipes, and

make intentional adjustments to the concentration of dissolved
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downstream sides of the main pipe. Aternatively, cleaning water of
varyi ng di ssol ved gas concentration can be supplied to diffgigatoase
points fromone nmain pipe by nmaking adjustnments so that the vapor-liquid
m xture ratio of the fluid that flows to individual branch pipes varies.
In the follow ng section, this invention is explained in 17 7 June 2004
greater detail by using exanples. This invention, however, is in no way
limted by these exanples. In the exanples, a water distribution piping for
ozone di ssBEQBM kY arviimggtesefehtiviasy t Héos elxamep khogas ibuliblagr am 2 was
used. Hi gh purity oxygen gas and high purity nitrogen gas were supplied to

an ozoni zer d{s3gib & o Rﬁacbsi@eh&siq@@hﬁ,be%hhaett&b%CHgg{lﬂg ozoni zer
SG 01CHU). Ozone-contai ning gas ‘having the ozone concentrdtion of 71

/ NnB, and : f k nd J.njected in_ ap ultrapure
\?vat er line @Egéﬁﬁgﬁfﬁeoﬁ?érd\ﬂ;‘?]ee\é\?grt%%oﬁpﬁggg }ﬁ)bélséﬂ ?ﬁszrlt ditdtfel oci Itoy of
20 liter/mn.._ thr The vapor-1|iquid

m xt ure ratfndxﬁéta\%gﬁn?%éﬁj{?%%hg{ C!E)ﬁt%ﬁ%rzﬁogge i Ssa?‘iil;f;[i’i 8%@&%*’@%9& in the
mai n pi pe was set to be 30:70 Al vapor-liquid mxture ratios are
expressed i#nd dheir gkistibytion eethai bhey poehincampileter naW ke anet er
rangi ng between 16:and 25 nm and was 90 mlong. Branch pipes were built
at  points midtipleriera0cimpip@snaentrfciiedvasf from the 2 Pipe, the

uniformity of dissoived ozone concentration can be achieved

throughout the water distribution system by reducing gas

bubble distribution at branching points that are close to the

ozone dissolving equipment, and increasing the gas bubble

distribution at.branching points that are far away. In other

words, uniformity of the dissolved ozone concentration can be

" achieved by extending branch pipes which branch off at

locations close to the ozone d.issolving equipment stra.ight

downward from the main pipe, and those that branch off at

locations far away from the ozone dissolving equipment

straight upward from the main pipe. It is also possible to

supply cleaning water of varying dissolved ozone concentration

levels to different use points even when all the cleaning water

is supplied from the same main ﬁipe: use points that require

high concentration of ozone in the cleaning water should be

connected to branch pipes which branch off straight upward

from the main pipe whereas use points that require low
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di ssolution ejector. At all branching points, the angle fornmed by the main
pi pe and a branch pi pe was 90 degrees. Branch pipes had intgurapogh aneters
rangi ng between 12 and 16 mm All of themwere 30. mlong. Use points were
set up at 10 m 20 mand 30 mfromthe branching points on each branch

pi pe. The end of the 90 mlong main pipe was connected to a return 18 7
June 2004 pi pe. Ozone-di ssol ved cl eaning water was passed through each
branch pipe at the rate of six liters per mnute. Al pipes were nade of

PFA. By adopbinegnt hetioavef Seomt i rcleenheg, waber aHpusd ntowase drede so that
the linear fluid velocity was maintained at a constant |level. A sanpling

board was ptadadméh pffebNABRIN BFaRRNbr OfraiRRRIW ALAAY Bfipdind Nei T ends

in order to nmeasure vapor- liquid mxture®rati os 1e end of branch
pi pes and t ea-glon eptration of dissolved ozone at the branch points as well
as at the &rHds BtP¥he branch pi pes. Exanple 1 On the upstream side of each
of the three branching points where branch pipes branched off fromthe
mai n pi pe, a 1083Y ddipgndeseaties disteibutdenipigtiag efl gathdissadved
concentration of the ozone-dissolved cleaning water that flowed through
the main pi pkeamn g7 vatey/df tlers atvadionettbesv4 pomli feidaenaudesaaiyt i on
ejector, 6.0 ng/liter at 60 S

of the fluid that flows to branch pipes can be controlled at

branching points on the main pipe so that the fluid that flows to

branch pipes has the same vapor-liquid mixture ratio as that in

the main pipe. It is thus possible to supply gas-dissolved

cleaning water of nearly constant concentration to all use

points even-when branch pipes are lengthy and have multiple

use points.

Taking more aggressive steps, uniformity of the dissolved

gas concentration can be achieved at all use points by making

adjustments so that the vapor-liquid mixture ratio of the fluid

that flows to a branch pipe differs on the upstream and

downstream sides of the main pipe. Alternatively, cleaning

water of varying dissolved gas concentration can be supplied to

different use points from one main pipe by making adjustments

so that the vapor-liquid mixture ratio of the fluid that flows to

individual branch pipes varies.

In the following section, this invention is explained in
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meters, and 5.0 ng/liter at 90 nmeters. Each branch pi pe was extended

strai ght dowward from the nmain pipe, turned in a horizont aljygé peg4 i on at
0.5 mfromthe main pipe, turned straight upward at 0.5 m turned.

hori zontally again at 0.5 m and stretched in a straight horizontal
direction for 28.5 m The vapor-liquid mxture ratio and the ozone 19 7
June 2004 concentration of the branch pipe that branched off at 30 mfrom
the ozone dissolution ejector were 30:70 and 6.0 ng/liter respectively.
Those of thgrbaterctepiijey hﬂﬁn?r@mh@(ﬁsﬂff ThiSGnvemes e, BOwdy@ndisS. 0
ng/liter respectively. Those of the branch pipe that branched off at 90 m

were 30:70 @ﬁlqlélw?,ay %iii&;ﬁbi%gﬁfﬁfteé‘?ﬁ?%ﬂeg\mt’ branch pi pes were extended

I
fromthe main pipein a ion and the entire 30 neters of

t he branch pipsgs re strefched in a straight ling.. The branch pipe that
branched of f at %§0 MR es’c?z&?eteaiigémﬁf%ﬂneﬁ”&ltn& (fﬂﬁd’zé)ﬂ‘?/apor-l i quid

m xture rati @ of 30:70. Finally, branch pipes were extended straight upward
from the. nfiFsHived cleamiag mitez drmving the e mershoweonin Riaggiope,  t hen
turned strai ght downward at 0.5 m and the remaining 28.5 mof the branch
pi pes were 2twesahedl.in Highrpighy dingenngzs had hogh gudiy attiegenat 0.5 m
The vapor-liquid mxture ratio of the branch pipe that branched off at 30
mfromthe @goReere supplied to an ozonizer [Sumitomo Precision Products,

silent discharg'e ozonizer SG-01CHU]. Ozone-containing gas

Having the ozone concentration of 71 g/Nm?, and pressure of

0.1 MPa was taken out and injected in an ultrapure water line

having the water pressure of 0.25 MPa and the fluid velocity of

20 liter/min. through an ejector for ozone dissolution. The._

vapor-liquid mixture ratio between the ézone-containing gas

and the pure water in the main pipe was set to be 30:70  All

vapor-liquid mixture ratios are expressed in terms of volume.

The main pipe had an internal diameter ranging between

16 and 25 mm, and was 90 m long. Branch pipes - were built at

points that were 30 m, 60 m and 90 m away from the ozone

dissolution ejector. At all branching points, the angle formed

by the main pipe and a branch pipe was 90 degrees. Branch

pipes had internal diameters ranging between 12 and 16 mm.

All of them were 30 m long. Use points were set up at 10 m,

20 m and 30 m from the branching points on each branch pipe.

The end of the 90 m long main pipe was connected to a return
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di ssol ution ejector was 30:70. Exanple 2 The sane nanipulation as in
Exanple 1 was perforned with the exception of the | ength of Juhe26datic

m xers, which was changed to 50 cm Wen the branch pi pes were extended
strai ght downward 20 7 June 2004 fromthe main pipe, the vapor-liquid

m xture ratio and the ozone concentration of the branch pipe that branched
off at 30 mfromthe ozone dissolution ejector were 25:75 -and 5.5
mg/liter. The branch pipe that branched off at 60 mhad a vapor-liquid
mxture ratptpof 260zt5 eaddss bl ek cheanimgenireat ias pofsed 3hrghghter. The
branch pipe that branched off at 90 m had a vapor-liquid m xture ratio of

25:75 and t bgchaanclepisent ik QR et é%i;?me/r!;{ptﬁgrm'iﬂ\h?@..thﬁl?ﬁgﬁeﬁ pi pes

were extended in a horizontal direction from mal n pi pe,

vapor - | i qui L Iz0, Of [ Lpe.that branched ,off at 30 m
fromthe ozf:é)/rt;’g]e :}iggot?ﬁ?lfg% ej gc){]ggggggfgég?d%vﬁge BELHER TBF thod nap
branched off. at 60 had a yapor-liquid mxture ratio of 30:70 and the
ozone conce%’fllr‘%tgttir%?ﬁng}”"}ﬁ B3l 50 Hhat %‘FEIIIIQ% Predcrelp ¢idy wese ext ended
strai ght upward fromthe main pipe, the vapor-liquid mxture ratio of the
branch pi pemxangataigreshehedconstant ¢h.from t he ozone

A sampling bloard was placed at the branching points of
branch pipes and at their ends in order to measure the vapor-
quuid mixture ratios at the end of branch pipes and the
concentration of dissolved ozone at the branch points as well as
at the ends of the branch pipes.

Example 1

O-n the upstream side of each of the three branching points
where branch pipes branched off from the main pipe, a 100
cm-long static mixer was installed.

The ozone concentration of the ozone-dissolved cleaning
water that flowed through the main pipe was 7.5 mg/liter at 30
meters from the ozone dissolution ejector, 6.0 mg/liter at 60
meters, and 5.0 mg/liter at 90 meters.

Each branch pipe was extended straight downward from
the main pipe, turned in a horizontal direction at 0.5 m from the
main pipe, turned straight upward at 0.5 m, turned horizontally
again at 0.5 m, and stretched in a straight horizontal direction

for 28.5 m.  The vapor-liquid mixture ratio and the ozone
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di ssol ution ejector was 35:65. The branch pipe that branched off at 90 m
had a vapor-liquid mxture ratio of 35:65 and the o0zone corQgeRépad4 on of
4.7 ng/liter. Exanple 3 The sane mani pul ation as in Exanple | was perforned
with the exception of the length of the static m xers, which was 21 7 June
2004 changed to 20 cm When the branch pi pes were extended strai ght
downward fromthe nmain pipe, the vapor-liquid mxture ratio and the ozone

concentration of the branch pipe that branched off at 30

in. fromthe

ozone di ssokonicemteidomoof wke b rimdbpapel tRad b raw/chieides ff b€ brafedmpi pe
that branched off at 60 mhad a vapor-liquid mxture ratio of 15:85 and

the ozone CoHe 46 id¥8so Rt dndeflbsbir @k re B 7of 358l 1) B fibly br anched of f

at 90 M had a vapor-liquid mXture ratio of 15: and t

e ozone

or i zont al  aiPeetvaAT? omiine AETRe Ao LS RhBT BiFRERaT O RAr B0 ot o of

t he branch pipe th%t granched off at 30 mfromthe ozone
ej ector wasTRIV&E 3@k
fromthe main pipe, the vapor-liquid mxture ratio of the

di ssol ution

R amd PamafIiepas spercdi wsdvendebhese safgthe upwar d

branch pi pe that

branched of brancBopipe that bnenokedeoff at 90 m were 30:70 and 4.3

mg/liter respectively.

Next, branch pipes were extended from the main pipe in a

horizontal! direction and the entire 30 meters of the branch

pipes were stretched in a straight line. The branch pipe that

branched off at 30 m from the ozone dissolution ejector had a

vapor-liquid mixture ratio of 30:70.

Finally, branch pipes were extended straight upward from

the main pipe, turned horizontally at 0.5 m from the main pipe,

then turned straight downward at 0.5 m, and the remaining 28.5

m of the branch pipes were stretched in a straight line in a

horizontal direction at 0.5 m. The vapor-liquid mixture ratio

of the branch pipe that branched off at 30 m from the ozone

dissolution ejector was 30:70.

Example 2

The same manipulation as in Example 1 was performed

with the exception of the length of the static mixers,

changed to 50 cm.

which was

When the branch pipes were extended strajight downward
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di ssolution ejector was 40: 60. Conparative Exanple 1 The sanme mani pul ation
as in Exanple | was perfornmed except for the fact that no BUate 20gM xers
were used. \When the branch pipes were extended strai ght downward fromthe
mai n pipe, the vapor-liquid mxture ratio and the 22 7 June 2004 ozone
concentration of the branch pipe that branched off at 30 mfromthe ozone
di ssolution ejector were 0:100 and 1.5 ng/liter respectively. The branch
pi pe that branched off at 60 mhad a vapor-liquid mxture ratio of 0:100
and the ozofieomctineanaimtpipn, dhelv2ponyli quid .mibhe rer eatib phdehiehat br anched
off at 90 mhad a vapor-liquid mxture ratio of 0:100 and the ozone

concentrati eBogf dofcBHtdti6h oMRE Hﬂﬁctl{?ﬂg@ tliliaﬁflfﬁa?’ifél?%@)&tﬁnﬂegoi na

horizontal direction fromthe nmain pipe, vapo lquid mxture ratio of

el cctor wasrhBr ot ARG s Raly A e Tior TR G Toilb e upver o
e

fromthe main pipe, t vapor-lLiquid mxture ratjo of the branch pipe that
branched of 1@6‘ m f em%trﬁécngHée t'g‘%g)dlaﬁtcih@rﬁi eftet H0wsh®d:350. Exanpl e

4 On the upstream side of each of the three branching points
vapor-liquid mixture ratio of 25:75 and the ozone concentration

of 4.3 mg/liter. The branch pipe that branched off at 90 m
had a vapor-liquid mixture ratio of 25:75 and the ozomne
concentration of 3.5 mg/liter.

When the branch pipes were extended in a horizontal
direction from the main pipe, .the vapor-liquid mixture ratio of
the branch pipe that branched off at 30 m from the ozone
disrsolution ejector was 30:70. The bfanch pipe that branched
off at 60 m had a vapor-liquid mixture ratio of 30:70 and the
ozone concentration of 5.0 mg/]iter.

When the branch pipes were extended straight upward
from the main pipe, the vapor-liquid mixture ratio of the
branch pipe that branched off at 30 m from the ozone
dissolution ejector was 35:65. The branch pipe that branched
off at 90 m had a‘vapor-liquid mixture ratio of 35:65 and the
ozone concentration of 4.7 mg/liter.

Example 3
The same manipulation as in Example 1 was performed

with the exc'eption of the length of the static mixers, which was
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where branch pi pes branched off fromthe main pipe, a 20 cm long static

m xer was installed. Each branch pipe was extended from t he7 game2g04pe
downward at a 30 degree angle fromthe horizontal direction, turned in the
horizontal direction at 0.5 mfromthe nmain pipe, then turned upward at a
30 degree angle at 0.5 m turned 23 7 June 2004 horizontally again at 0.5
m and stretched out straight in the horizontal direction for 28.5 m the
remai ning length of the branch pipe. The vapor-liquid mxture ratio and
the ozone chaeged & i2hh coii. t he branch pipe that branched off at 30 mfrom
t he ozone dissolution ejector were 22:78 and 4.6 ng/liter respectively.

Next, branch pi W%dw&ﬁe%ﬁlﬁ??iigﬁwgré re%hh%dnﬂrﬁ(i)gm H%‘g*;wg@lrﬁo degree

angle fromthe horizontal direc turned 1 n the I zont rection at

0.5 mf R i pe, . then t d d at a 30 d angle at 0.5
m turned RRCRoOE 2k BF pikh The BABSHISGRRYhPeflssder o fRen e

hori zontal direction for 28.5 ﬁheb r emai ni,ng Ieng’;h of the branch pipe.
The branch S7P&¢ AARCARLAIARE ‘gkf atbr3@Gh Pipen thak b washe diiod AtudPon

ej ector had a vapor-liqui.d mxture ratio of 28:72. The branch pipe that
branched of m droBDthe mbize diapolutivguéjkatoxtweee rift:i88 ahd2B:372 and an
ozone concentration of 4.8 ng/liter.
mg/liter. The branch pipe that branched off at 60 m had a
vapor-liquid mixture ratio of 15:85 and the ozone concentration
of 2.5 mg/liter. The branch pipe that branched off at 90 m"
had a vapor-liquid mixture ratio of 15:85 and the ozone
concentration of 2.0 mg/liter.

When the branch pipe_s were extended in a horizontal
direction from the main pipe, the vapor-liquid mixture ratio of
the branch pipe that branched off at 30 m from the ozone
dissolution ejector was 25:75,

When the branch pipes were extended straight upward
from the main pipe, the vapor-liquid mixture ratio of the
branch pipe that branched off at 30 m from the ozone
dissolution ejector was 40:60.

Comparative Example 1

The same manipulation as in Example 1 was performed

| except for the fact that no static mixers were used.

When the branch pipes were extended straight downward

from the main pipe, the vapor-liquid mixture ratio and the
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Finally, branch pipes were extended upward at a 45 degree angle fromthe
mai n pipe, turned horizontally at 0.5 in fromthe main pipgJut2p04 urned
downward at a 45 degree angle at 0.5 m turned horizontally again at 0.5
m and stretched straight in the horizontal direction for 28.5 m the
remai ning 1 ength of the branch pipe.. The branch pipe that branched off at
30 mfrom24 7 June 2004 the ozone dissolution ejector had a vapor-liquid
m xture ratio of 35:65. The branch pipe that branched off at 90 m had a
vapor - | i qui 6zehgt eercentiadion @565 bandchnp ronkat draached: obhat. 3G 4. 7
ng/liter. Table 1 shows the vapor-liquid mxture ratios which were

obt ai ned i nEfeeml eife b AdH OOk A vafehn CIeR6 Ald ¥k BXR0D! $ud 1 5[ Tabl e 1]
Table 1 Length of Location Static of s-Liquid Mxture Ratio M xer
(cm Branchi pgy AN WEshelcti Y. ©) R Brallch pipe that branched off at 60
m had a vapor-liquid inixture ratio of 0:100 and the .ozone
concentration of 1.2 mg/liter. The branch pipe that branched
off at 90 m had a vapor-liquid mixture ratio of 0:100 and the
ozone concentration of 1.0 mg/liter.

When the branch pipes were extended in a horizontal
direction from the main pipe, the vapor-liquid mixture ratio of
thp branch pipe that branched off at 30 m from the ozone
dissolution ejector was 10:90.

When the branch pipes were extended straight upward
from the main pipe, the vapor-liquid mixture ratio of the
branch pipe that branched off at 30 m from the ozone
dissolution ejector was 50:50.

Example 4

On the upstream side of each of the three branching points
where branch pipes branched off from the main pipe, a 20 cm-
long static mixer was installed.

Each branch pipe was éxtended from the main pipe
downward at a 30 degree angle from the horizontal direction,

turned in the horizontal direction at 0.5 m from the main pipe,

then turned upward at a 30 degree angle at 0.5 m, turned
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Strai ght Horizontal Strai ght Downwar dU ward 3030: 7030: 7030: 70 Exanpl e
11006030: 70-- 9030: 70-- 3025: 7530: 7035: 65 Exanpl e 2506025: 7530rd 8004
9025: 75- 35: 65 3015: 8525: 7540: 60 Exanpl e 3206015: 85-- 9015: 85- -

Conpar a- 300: 10010: 9050: 50 ti veNone600: 100-- Exam | e 1900: 100-- Downward
Upward at Upward at at 30 30 Degree 45 Degree Degree Angl eAngl e Angle

3022: 7828: 7235: 65

horizontally again at 0.5 m, and stretched out straight in the
horizontal direction for 28.5 m, the remaining length of the
branch pipe. The vapor-liquid mixture ratio and the ozone
-concentration of the branch.pipe that branched off at 30 m from
the ozone dissolution ejector were 22:78 and 4.6 mg/liter
respectively.

Next, branch pipes were extended upward from the main
p-ipe at 2 30 degree angle from the horizontal direction,
turned in the horizontal direction at 0.5 m from the main pipe,
then turned downward at a 30 degree angle at 0.5 m, turned
horizontally again at 0.5 m, and stretched straight in the
hbrizontal direction for 28.5 m, the remaining length of the
branch pipe. The branch pip_e that branched off at 30 m from
the ozone dissolution ejector had a vapor-liquid mixture ratio
of 28l:72. The branch pipe that branched off at 60 m had a
vapor-liquid mixture ratid of 28:72 and an ozone concentration
of 4.8 mg/liter. |

Finally, branch pipes were extended upward at a 45 degree
angle from the main pipe, turned horizontally at 0.5 m from the
main pipe, then turned downward at a 45 degree angle at 0.5 m,
turned horizontally again at 0.5 m, and stretched straight in the
horizontal direction for 28.5 m, the remaining length of the

branch pipe. The branch pipe that branched off at 30 m from
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‘Exanmpl e 42060-28: 72- 90--35:65 25 7 June 2004 Table 1 shows that in Exanple
1, in which 100 cmlong static mxers were used, gas bubbl gguMgepeodr oken
up and di spersed at branching points and the vapor-liquid m xture rati os
in the .branch pipes were equal to that.of the nmain pipe. When t he
| ength of the static m xers are shortened, as done in Exanples 2 and 3,
di spersion of gas bubbles at branching points becones inconplete. The
rati o of gas bubbles in the upper portion of the main pipe increases, and
t he vapor - | Hiuiog ofi exdis €0 hudi  p e jieiet o e hravepopilpesid mige redegpidodi ng on
the angl es -of the branch pipes. Wien no static m xers are used, as in
Conpar ati veof B&ip.e IThednearsl pipeonthalt omsdidPds 4tnobhg yp@er portion
of the main pipe becomes marked, nmaking it inpossible for air bubbles to
be led to b_1pi G raad.@lat rd..ILn EX |.e 4, static
m xers of ﬁ\gﬁggghpzﬁg%ﬂgg%ﬁﬁ%gg ?stggllgﬁ t‘ggrrp ezg’nv\?ngnﬁgggPatIl-B%ever,
ratios in Exanple 4 were closer to that of the

the vapor-ljiguyid m re
mai n pi pe t%ﬂ#?rﬁngﬁﬁﬁﬁi e 3 because the branch pipes were not turned
strai ght upward or downward. This reveals that the vapor-liquid mxture
ratio of the fl diablenl whaes thiepeapennliguiddpintuue pytiosawhialy whee | engt h
of static mxers and the angle of branch pipes.

obtained in Examples 1 through 4 and Comparative Example 1.

[Table 1]
Table 1
Length of | Location Gas-Liquid Mixture Ratjo
Static of (Volumetric Ratio)
Mixer (cm) | Branching
Point {(m) ,
: Straight | Horizontal | Straight
Downward Upward
30 30:70 30:70 30:70
Example 1 100 60 30:70 - -
90 30:70 - -
30 25:75 30:70 35:65
Example 2 50 60 25:75 30:70 -
90 25:75 - 35:65
_ 30 15:85 25:75 40:60
Example 3 20 60 15:85 - -
90 15:85 - -
Compara- 30 0:100 10:90 50:50
tive None 60 0:100 - -
Example 1 90 0:100 - -
Downward | Upward at | Upward at
at 30 30 Degree | 45 Degree
Degree Angle Angle
Angle '
30 22:98 28:72 35:65
Example 4 20 60 - 28:72 -
90 - - 35:65
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Table 2 shows the ozone concentrations obtained in Exanples 1 through 4
and Conparative Exanple 1. 26 7 June 2004 [Table 2] Table 27lLengtbopf
Location Static of Ozone Concentration (ng/liter) M xer (cmBranching
Poi nt m Strai ght Horizontal Strai ght Downwar dUpwar d 306. 0-- Exanpl e
1100605. 0-- 904. 3-- 305.5-- Exanpl e 250604. 35.0- 903.5-4.7 303. 3--

Table 1 shows that in Example 1, in which 100 cm-long static
mixers were used, gas bubbles were broken up and dispersed at
branching points and the vapor-liquid mixture ratios in the
.brancﬁ pipes were equal to that of the main pipe. = When the
length of the static mixers are shortened, as done in Examples 2
and 3, dispersion of gas bubbles at branching points becomes
incompliete. The ratio of gas bubbles in the upper portion of
the main pipe increases, and the vapor-liquid mixture ratios in
the branch pipes change, depending on the angles of the branch
pipes. When no static mixers are used, as in Comparative
Example 1, concentration of gas bubb]es in the upper portion of
the main pipe becomes marked, making it impossible for air
bubbles to be led to branch pipes that extend straight downward.
In Example 4, static mixers of the same length as those used in
Example 3 were used. However, the vapor-liquid mixture
ratios in Example 4 were closer to that of the main pipe than in
Example 3 because the branch pipes were not turned straight
upward or downward. This reveals that the vapor-liquid
mixture ratio of the fluid in branch pipes can be adjusted by
varying the length of static mixers and the angle of branch
pipes.

Table 2 shows the ozone concentrations obtained in

Examples 1 through 4 and Comparative Example 1.
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Exanpl e 320602. 5- -

Angl e 304..6--
branchi ng points on
ng/liter;
100 cmlong static

90 m

the nain

-- 5.0 ng/liter.

pi pe:
Tabl e 2 shows t hat
m xers were installed, gas bubbles were broken up and

di sper sed aETQ{)?Q%i ng poi-nts, and high.oezone concentration 27 7 June 2004

30

m__

902. 0-r Conpar a-301.5-- tiveNone601. 2--
Downward Upward at Upward at at 30 30 Degree 45 Degree Degrgdudegd®@Angl e
Exanpl e 42060-4.8- 90--4.7 (Note] Ozone concentration at

7.5 mg/liter;
I n Exanmpl e 1,

60

Exanpl e 1901. O- -

m__

Table 2
Length of | Location ' :
Static of Ozone Concentration (mg/liter)
Mixer (cm) | Branching
Point (m)
Straight | Horizontal | Straight
Downward Upward
30 6.0 - -
Example 1 100 60 5.0 - -
90 4.3 - -
30 55 - -
Example 2 50 60 4.3 5.0 -
90 3.5 - 4.7
30 3.3 - -
Example 3 20 60 25 - -
90 2.0 - .
Compara- | 30 1.5 - -
tive None 60 1.2 - -
Example 1 90 1.0 - -
Downward | Upward at | Upward at
at 30 30 Degree | 45 Degree
Degree Angle Angle
Angle
30 4.6 - -
Example 4 20 60 - 4.8 -
90 - - 4.7

[Note] Ozone concentration at branching points on the main

pipe: 30 m -- 7.5 mg/liter; 60 m -- 6.0 mg/liter; 90 m

-- 5.0 mg/liter.

Table 2 shows that in Example 1, in which 100 cm-long static

mixers were installed, gas bubbles were broken up and

dispersed at branching points, and high ozone concentration
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was mai ntained at the end of each branch pipe that extends straight
downward. When the length of static mxers is shortened, a®Jume Exanple 2,
gas bubbl e di spersion at branching .points becones inconplete, causing the
ratio of gas bubbles in the upper portion of the main pipe to rise. High
ozone concentration is obtained when branch pipes are turned in a

hori zontal direction or straight upward. Low ozone concentration results

when branchwpi pes .extend straight downward. Ozone concentration at the end
of branch pPgésmaipiginge at ihecandtohiegh bitasetand peedmtesxiansts | oner when
the length of static mxers is further shortened as in Exanple 3. Wen no

static mi xestgaaght vsedpweasrd.n Chthear thédengthnpf etdtic @age byl es col | ect
in the upper part of the main pipe. a result, ozone concentration at

As
the end of dhasieh o, pes ihBkanfileend st bl SOUPUAILPEE IR BTRECTE! Y

low. In Exanple 4, the same | éngth atic mxers* as those ‘use Exanpl e
3 were use ntration | hi gher than .i anple 3
because t hé %@ﬁgéfjBgésog!gcﬁg{bqg(g%hfaHQW%i%Bﬁtraﬂb%fngF [?)‘gl&\)i’%a‘rng“ Thi s
reveal s thaith[the ozone ,concgnhr ation of ozone-dissolved cl eaning water
that flows ‘BhFBRGH BOHACH pf fBS Bain ppsdjudites byHighyozemehe | ength of

static mxers and the angles of branch pipes. 28 7 June 2004 By using the
wat er di st r¢gng¢wiragi pp ig dbtaigad- wihesobyench pipes are turned in a

horizontal direction or straight upward. Low ozone
concentration results when branch pipes extend straight
downward. Ozone concentration at the end of branéh pipes
that are turned straight downward becomes even lower when
the length of static mixers is further shortened as in Example 3.
When no static mixers are used, as in C;:)mparative Example 1,
gas bubbles collect in the upper part of the main pipe. As a
reéult, ozone concentration at the end of branch pipes that
extend straight downward becomes extremely low. In
Example' 4, the same length static mixers as those used in
Example 3 were used. However, ozone concentration is
higher than in Example 3 because the branch pipes do not point
straight upward or downward. This reveals that the ozone
concentration of ozone-dissolved cleaning water that flows
through branch pipes can be adjusted by varying the length of

static mixers and the angles of branch pipes.
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cl eaning water of this invention, the vapor-liquid mxture ratios of the
fluid that enters branch pi pes can be controlled at branch?ogne2ddd s on
the main pipe so that vapor-liquid mxture fluid that has the sane
vapor-liquid mxture ratio as that in the main pipe can be sent to branch
pi pes. For this reason, gas- dissolved cleaning water of a nearly constant
concentration can be supplied to all use points even when | engthy branch
pi pes are extended fromthe nmain pipe and nmultiple use points are set up
on these branch pipes. Taking nore aggressive steps, it is possible to
achieve wuniformty of dissolved gas concentration at all use points by

maki ng adj ust rrerBﬁ wdinlghtti e gt evadivtrib @os pipatoy Qof?dsoaiﬁol\ﬁe@? fluid
that enters branch pipes differ on the upstream and ownstream si des of

the main pi %?eaﬂﬁﬁ%@tteirygf ¥h%sb¥%g@ﬂi3ﬁ1d ﬁﬁ]gtﬁ)mmiﬁqsﬁlﬂn Ntuddre

vapor-liquid mxture ratios o _ ente rvidual branch
Concent rat| GAIORCULIGe AIipabel SHIEER BanGRuPUPERHAILLE HOANOLSTan (e o
same nainngipe.hZQ 7 1uqe ZoggeBrggf %?plag%%;gn of@;ﬁg Eifxﬁggzkggﬁggan1l
is a systenPdRBE§AERE FHOWIAPD doAvRMIPEN S onEp QUL g
wat er supply system Diagram?2 is a system di agram show ng a node of the

fluid that has the same vapor-liquid mixture ratio as that in the

main pipe can be sent to branch pipes. For this reason, gas-

dissolved cleaning water of a nearly constant concentration can

be supplied to all use points even when lengthy branch pipes

are extended from the main pipe and multiple use points are set

up on these branch pipes.

Taking more aggressive steps, it is possible to achieve

unifdrmity of dissolved gas concentration at all use points by

making adjustments so that the vapor-liqﬁid mixture ratios of

the fluid that enters branch pipes differ on the upstream and

downstream sides of the main pipe. Alfernatively, by making’

adjustments so that the vapor-liquid mixture ratios of the fluid

that enters individual branch pipes differ from one another,

cleaning water having varying dissolved gas concentration

levels can be supplied to individual use points from the same

main pipe.
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wat er distribution piping for gas-dissolved cleaning water of this

I nvention. Diagram 3 is a graph that explains the nmechani snyQfine gogust ant
ozone concentration retention. Explanation of Codes 1. Oxygen gas tank 2.
Ni trogen gas tank 3. QOzonizer 4. Ozone dissol ution equipnent 5. Miin pipe
6. Branch pipe 7. Use point 8 Ozone deconposition equipnment 9. Gas

| i quid separator 10. Branch pipe 11. Branching point 30 7 June 2004 12.
In-1ine mxer 13. Recovery pipe 31 7 June 2004 Clains 1. A water

di stributi ol mepibwploratézanef gas Drswehped cleaning water which
di stributes cleaning water, made by di ssol ving ozone gas in pure
Diagram 1 is a system diagram showing the conventional

ozone dissolution cleaning water supply system.

Diagram 2 is a system diagram showing a mode of the
water distribution piping for gas-dissolved cleaning water of

this invention.

Diagram 3 is a graph that explains the mechani-sm of

constant ozone concentration retention.
Explanation of Codes

1. Oxygen gas tank

2. Nitrogen gas tank

3. Ozonizer

4. Ozone dissolution equipment

5.  Main pipe |

6. Branch pipe

7. Use point

8. Ozone decomposition equipment

9. Gas liquid separator

10. Branch pipe

11. Branching point
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water, in the present of a gaseous m xture of ozone and oxygen gas, the

wat er distribution piping including a main pipe and a pl ural7idupe@b0dr anch
pi pes extending fromthe main pipe, conprising: an in-line mxer

i mredi at el y upstream of each point at which a branch pipe extends fromthe
mai n pipe. 2. The water distribution piping for ozone gas dissol ved
cleaning water described in Caiml, wherein a gas-liquid mxture ratio of
the fluid which _flows through each said branch pipe is determ ned by

adj usting a nixikg ¥nlér¢ ani%gr said in-1ine mixer and adjusting an angle
at which said branch pipe extends fromthe main pipe, in order to keep the
ozone concentratikn Retovbeyqglipani ng water at ail use points along each
branch pipes in a desired revels to be used. 3. The water distribution

pi ping for gas dissolved cleaning water described in Caim1l, wherein a
gas-liquid mxture ratio of the fluid which flows through each said branch
pipe-is determ ned by setting constant mxing function of said in-line

m xer and adjusting an angle at which said branch pipe extends fromthe
main pipe, in order to keep the ozone concentration of the cleaning water
at all use points along each branch pipes in a desired |levels to be used.
4. The water distribution piping for ozone gas-di ssolved cleaning water
described in Claiml, wherein a gas-liquid mxture ratio of the fluid 32 7
June 2004 which flows through each said branch pipe is determ ned by
setting constant mxing function of said in-line mxer and fixing a
specified angle '
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at which said branch pipe extends fromthe main pipe, in order to keep the
ozone concentration of the cleaning water at all use poi nts7dumsng0®Gach
branch pipes in a desired levels to be used. 5. The water distribution

pi ping for ozone gas dissolved cleaning water described in Caim1l to 4,
wherein the unused gaseous m xture of ozone and oxygen gas and cl eaning
wat er at all use points along each branch pipes being recovered through a
recovery phaimso be reused. 6. The water distribution piping for ozone gas
di ssolved cleaning water described in daiml to 5 wherein said in-line
mxer is a static mxer. 7. The water distribution piping for ozone gas

di | ved cl .b d c d -1
32 I B T S R0 S ™
o ssolved ShES RS IedRiE e AIOERE ML HLEAT, 3L Ty gk T, T e

is made froma materi al see rom roresi

has been pestdryat ¢t prasght oﬁurgasysomlankmranﬂ“ @HoneSand38x BAGhe
WATER- DI STRI BUTI ON_Pl PI NG OF GAS- DI SSOLVED CLEANI NG WATER To of fer a water

di st r.i but i Batesi Pstabutien pjingdinchedingd melie pipergndat phuralitycsf bemchpabl e of
suppl yi ng ¢l eani hat .nhas an essentially constant gas
coﬁge%trgtP‘é’ﬁS%&‘%ﬂ{n&E@m%&Iﬁ%@lﬁ%ﬁwm&e cl>lean| ng vvatgr in which a
sel f- decomposi 9o thiket hmSHMEY upbtadth T dalH? %gntoa\fev(fhlch abranch

pipe extends from the main pipe.

2. The water distribution piping for ozone gas dissolved cleaning water
described in Claim 1, wherein a gas-liquid mixture ratio of the fluid which
flows through each said branch pipe is determined by adjusting a mixing
function of said in-line mixer and adjusting an angle at which said branch
pipe extends from the main pipe, in order to keep the ozone concentration
of the cleaning water at ail use points along each branch pipes in a desired

levels to be used.

3. The water distribl_ltion piping for gas dissolved cleaning water
described in Claim 1, wherein a gas-liquid mixture ratio of the fluid which
flows through each said branch pipe is determined by setting constant
mixing function of said in-line mixer and adjusting an angle at which said
branch pipe extends from the main pipe, in order to keep the ozone
concentration of the cleaning water at all use points along each branch

pipes in a desired levels to be used.

4. The water distribution piping for ozone gas-dissolved cleaning

water described in Claim 1, wherein a gas-liquid mixture ratio of the fluid
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di stance fromthe main pipe to branch pipes that have multiple use points

in a wet cleaning process of electronic materi al S. A. wat er diJghé g@mt i on

pi ping for gas-dissolved cleaning water which distributes cleaning water,

made by dissolving gas in pure water, in the presence of gas, and

characterized by the installation of an in-line mxer imediately upstream

of each point at which a branch pipe extends fromthe nmain pipe. Figure 2
which flows through each said branch pipe is determined by setting

constant mixing function of said in-line mixer and fixing a specified angle
at which said branch pipe extends from the main pipe, in order to keep the
ozone concentration of the cleaning water at all use points along each

branch pipes in a desired levels to be used.

5. The water distribution piping for ozone gas dissolved cleaning water
described in Claim 1 to 4, wherein the unused gaseous mixture of ozone
and oxygen gas and cleaning water at all use points along each branch

pipes being recovered through a recovery pipe to be reused.

6. The water distribution piping for ozone gas dissolved cleaning water

described in Claim 1 to 5, wherein said in-line mixer is a static mixer.

7. The water distribution piping for ozone gas dissolved cleaning water

described in Claim 1 to 6, wherein said in-line mixer is inert to ozone.

8. The water distribution piping for ozone gas dissolved cleaning water
described in Claim 7, wherein said in-line mixer is made from a material
selected from fluororesins, metals whose surface has been passivated, high

purity quartz and glass.
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