7 June 2004 Specification WATER- DI STRI BUTI ON Pl 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 keepi%e?ﬁyé;“@‘d@“concent ration levels at all use points
essentially constant. Renoval of foreign particles fromthe surface of
el ectronic material s I.1icon hases for sem conductors, gl ass

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

inmportant. to ensure high productcgeiidy wsgd ow defect rates. Wet
cleaning is widely practiced for this purpose. Use of cleaning fluids

whi ch have sfylep [ | s DOWRI Y| Ive for the renoval of organic
and net al cfgr?t aﬁieggg{%%r@%\?gn?fé]ﬁgﬁnﬂéﬁﬁéh-- t enperature cl eani ng has
been performed using such fluids as a m xture of sulfuric acid 1 7 June

2004 :

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



and hydrogen peroxide (SPMcleaning fluid) and a m xture of hydrochloric
aci d, hydrogen peroxide and ultrapure water (SC2 cleaning flyuh€p0oo4 n
recent years, such wet cleaning processes began to be questioned in order,
to reduce the trenendous cost of chem cals, the cost of ultrapure water
for rinsing, waste fluid treatnment 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 water usage,

massi ve che#ndahydregesapsramidle (8PMIdzaaint Hxhdysind gamikoutdief

at nosphere, all of which acconpany the conventional cleaning nethods.

Farlier, !hhydiveRlor deve Bpadogan sl Aneldednal eARADE e WAR: [9CC! caning
el ectronic materials by dissolving ozone in pure water. eani hg wat er

‘made f | Nywhi ' [ d,d trat t I

Dover fulonE LGSR RN 09 SEANCY ERFL SR FE CTRRRT B eSS St S opon,

whi ch am)unhs to oni% sever.al ersH Lligrans per liter. The water is wused in
n )

processes i RE&APCHP P& QURSHANEL In grdiey. 19 sadree dhe treanandomsueost es t hat

adhere to the surface of electronic materials, are renoved, and ot her
processes i af whiegnieals, ther caste offuléiapeom voateasfo s rindidigz edastenl y to
create a layer of chemcal oxidation film C eaning water in which ozone
is dissol vidilemeasnnmtr essuesd thedcddwsfhaensod dRiGHIARGS Of 2
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

2



7 June 2004 cleaned itens clean. This water al so has an added advantage of
being reusable as it becones high purity water again after 7Quasecos
deconposed or renoved. However, dissolved ozone in ozone-dissolved

cl eaning water self-deconposes over tine and becones oxygen gas. For this
reason, distribution of o0zone-dissolved cleaning water through a |engthy
pi pe has been considered to be inpractical because of the difficulty of
mai ntai ning and control ling ozone concentration. In response, the inventors-
di scover ed ¢kamad ilempolsiam.e tbhiswrieasslse basmi nddzdnedventeger ati on
and distribute water over a long distance by m xi ng ozone-contai ni ng gas
and pure wef breingsidesdliie di gtidugmen Wigle pukitye Wiy f¢Lidarng
delivered, and proposed the ozone-di ssol ved cl eaning water supply system

shown In D agégeni. dEcomfdie ErIdmEded.  AHoly A/t 11RO LEGARN, g@s tank

2, a mixture of oxygen gds and a mnute amount of ‘Aitrdgen’gasTis sent to
and oxyger paESRERRinTFVAE Rle dyiy r bl th R ala Rnpen ot B Tpure.
wat er, manufag¢tured by using an ion exchanger, nenbrane equi pnent and
ul travi ol et3BQPHATHES | SRy B60i Hhent Bot this repsonpistribiugson uif on
equi pnent 4. The gaseous m xture of o0zone and oxygen gas m xes wth pure
vater to creznmealisapbved|dlguindngi whatee thPzopd dileagithigspipe waker to form
ozone '
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-



3 7 June 2004 di ssol ved cl eaning water which, in the sane vapor-liquid
state, flows down the main pipe S. Ozone which dissol ved i Jjuaé 2004 t ur ns

i nt o oxygen gas through sel f-deconposition. The .anount of ozone reduction
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

cl eani ng mgter i s taken from branch pipe 6, and consuned at use point 7
after vapor diplviedurte st & spdearwhichy ivithisesamieevapporliguddisdate,
separation equipnent in a buffer tank or using the property of bubbles to
col l ect at flvevs ajpwarthomiireppppes. SuOploure oZANRS diksH9le\defn G g6¢Y NO

wat er which is not taken out frombranch wpipes is first passed through the

ozone deconpfsis i ®f eqﬁ? - Em ve e in the

wat er and gas phases??[q)Lagnd Egntqqgﬁlggtg e vapé?? fgcﬁ:]ﬁ?g'seg%?gtion ’

equi pnent 9 p the gas..phase fromthe |igulid phase. . The-gas phase
is rel easeda{n(;%"flﬁeggg%%)%h’é? ‘étsl%é]xﬁ%ﬁ}%ltmb%go%33P£'%§CMFBPSHH8§e‘%i s
recovered as st.e Qgt er, processed as necessary and reused. This ozone

di ssol ved cIsH§nighedias ozomspilatisinrhheaganaiease disselvssin dheel i ver

wat er over a distance of nore than 100 m This ozone-di ssol ved cl eani ng
wat er supplyatgsipdraseas The result is that the ozone concentration in

water stays essentially constant. Ozone-dissolved cleaning
water is taken from branch pipe 6, and consumed at use point 7
after vapor and fiquid 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 aﬁd remove ozone in the water and
gas phase.s, 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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devel oped assuming a sinple distribution route, such as one in 4 7 June
2004 whi ch ozone-di ssol ved cl eaning water is delivered diregtjufeboof use
point fromthe main pipe through a branch. Wth an increase in the size of
el ectronic material factories in the recent years, however, 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 from
the main pipe in a nunber of different ways depending on factory |ayout.

Mor eover ,  brefiath phpa%-msoliv@ds@mniﬁigtu@tt'b@%,dmeérwsﬁ%@éﬂéﬁio own
pi pes, due to |ocations of other machinery. These variations cause

pi pes, due to other m These “cause
gas and  purscpd O £2ERK ikl o SAMESUER: 4 fdReES " WHRRGH coni n P

it was difficult to.supply cleaning water that, has uniform ozone

concent r at i bRCTCATE b‘hr‘ESs%‘ZSfO?Wilgc?fﬁ’\i’éﬁtlin@r'leﬂsaltﬁ?(‘épfb?s wattdre di stribution
pi pi ng for gas-di ssolved cleaning water which can supply cleaning water

wi t h near| yreesist jnargabosoercent s atcicdnbas alifende tmusportevaonahen the .

cl eaning water in which'a self- deconposing gas is dissolved is transported

over a | ongdisicivadceldaming e teRifrom RBel Makh e Pb AAG MY pipesul tipl e
use points in a wet cleaning process of electronic materials.
| which have multiple use points. 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.



5 7 June 2004 As the result of assiduous research work to solve the
above-descri bed problem the inventors discovered that the 7iJagéabbati on of
an in-line mxer at a point imediately upstream of a branching point at
whi ch a branch pipe extends fromthe main pipe nade it possible to control
the vapor-liquid mxture ratio between the gas and pure water inside the
branch pipe, and supply cleaning water that has a uniform gas
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 dissolved

cl eani ng wat er J i I hut.es.. i wat er de by, dissolving ozone
gas in pure_vvat\gry, ﬁ?%qfa%é”pfggs%%tlagsﬂg r{;}%seél(gﬁg Wlogkutroeséh’%fgﬁe and oxygen
gas, the ter di stri,Buti on piping including a main pipe and a plurality
of branch p? ve g6t g Brofphemnihedmyegitges disepreseddhadrbien-1ine m xer
i medi at el y. upstream of each point at which a branch pipe extends fromthe
mai n pi pe. IMséatasiai S)io&wén—ﬁh_eamiingrMfzepodhsinimeldi,mlpi@me@fn in an
enbodi rent of this invention is a water distribution piping that

transports of edndichiaigepoihiathvhicPU Bri@ER pipe ¥RtCAd 9380 hSth&i Ssol ved,
in the presence of gas, and includes in-line mXxers that are i1nstalled

in the pr _ : : i pes. d f h
o pi pe. AL HipERRaale 105 oRRIN S Featliibl B Ao LIRS B Pl ey

suitable faor distributi ozone-dissolved. . .
1ati0 De'tween fhe gas ang pure water inside the branch pipe,

and supply cleaning water that has a uniform gas concentration.

Based on this discovery, the inventors completed this:

invention.



cl eaning water, which is prepared by using a gaseous m xture of ozone and
oxygen gas. Diagram 2 is a distribution diagram denonstr ati Fguae 2oge of a
wat er-di stribution piping of this invention. Fromthe oxygen gas tank 1
and the nitrogen gas tank 2, a m xture of oxygen gas and a m nute anount
of nitrogen gas is sent to the silent discharge ozonizer 3 to manufacture
a gaseouR aggordaice Wi ayamechefdhe jygeliong iwre istprevidédsa siafer dinfritartior jpipdrigoior and
a punp etc. to pure water that is manufactured by using an ion 7 7 June
2004 exCRaMREAS edriicaning patentwhighddistribotesi aéaring emtenx made ibyndissaduingy ment
at the ozone dissolution equipnment 4. The gaseous m xture of ozone and
oxygen @E8nerprein plirevaben i hetpsesenboba gatewua misiuor of dzgue cindioxygeregatiome

di ssolves in water to form ozone-dissolved cleaning water which., in the
same 7aWAtendidribwon piripe including aimstrapipe afd ewdurdidywof biaacirpipes eikieadig fibe
water distribution piping of this invention has an in-line mxer 12

i medi ath8 PaifpBibeceemprisindi@nbindine nixey ipoiadiatdly upatieare of eativipaimt at pihjed 4. 0
branches off fromthe main pipe 5. The branch pipe 10 has one or nore use
poi nt's Pranch@ipsnextendsdeiny e maingipe. ng water that is not used at the use
points is recovered through the recovery pipe 13. There is no particular
restriction on the types of ozonizer and gas dissolving equi pnent used in
this invention. A

The gas-dissolved cleaning wafer distribution piping of in an embodiment of this invention is
a wate_r 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



examapl e of ozoni zer, except the exanple dictated above, is that ozone is
generated by water el ectrolyzing device. Exanples of gas dyggsd voo

equi pnent include ejector-type gas dissolvers, and gas diffusing

di ssolvers that diffuse gas in pure water, as well as gas perneable

menbr ane-type dissolvers that dissolve gas that is supplied to one side of
a gas perneable nenbrane in pure water that is on the other side of the
menbrane t hrough the nmenbrane. In-line mxers ‘that are used in the water

distributi @ﬂch@hgkﬂgnﬁgmbk‘ﬁﬁeiégtgi lﬂé@@% %Lﬁ%hqtﬂa%ghéyégfb%glﬁzéé hat have

high mxing capability, are c reaking up g That enter

the flow i ragtihon at the top of the main pipe into mnuscule

bubbl es ané(;ql(?jﬁ{s}ﬁr%:ﬂ%uqitﬁﬁ ?ﬁ%ﬁ]ee(séﬁpyuﬂﬁ”t REURRIEE 4 havd D B3 580UDr essur e

| oss, do not generate too heavy 8 7 June 2004 resistance to transportation
of cl eani NGIREE o Pzt amd pEyges, gaarmixe eanithnplunotwateal icned to

contam nate the water, and have no dead space. Exanples of such m xers are

static maeste tshatpdo-hiquibaméxame.dr i@z6gePadi sl vEBGhH A8 1PsGE! | ation type
ultrasonic m xers, and pipeline mxers with a built-in turbine and a

stator. AroRth bBeSG-dH QNG ATEKEIS A a9 AYiCRAYE AW, drd Ving parts are

especi al |y suit-abl e because they are easy conpletely free
of any possibility of gas-
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di ssol ved cl eani ng water contam nation by foreign particles. There is no

particular restriction as to the nodels of static m xers thatineamnde used.
Exanpl es are mixers that have nultiple elements inserted in a pipe to '
divide the fluid flow and use the divided flow and the turbul ence created
by the action for agitation, m xers which contain polygon structures, and
m xers which are equipped with nultiple elenents that have dividing holes
to divide and m x by form ng a nunber of division |layers. Anong these,

vi d | - 1y ;
Surtably. WO ¥R, Mol E BhSh i S| nobhie (BRPE “icca To

di stribute pzone-diLssolved cl Lng water, it is desjrable for the in-line
m xers to Hﬁég‘“?’é’gi‘%{lMéngoogggﬁ%gﬂ@ﬁttﬁ%&a%]id@; ine mixgdsl2apl e for
the in-line mxers not to deteriorate as the result of oxidation by ozone,
to be inertim@ediztglyns psoon wzohshe dndnadtingopoéntdd ,dvisokvaed ozone
concentration by triggering ozone deconposition. Exanples of in-line

m xers whibalanedspiss 1Ubbanehestefid@ond theqneiRpdpens | | NFh® Bpsschhat are
made of either fluororesins. such as perfluoroal koxy resin (PFA),

pol yvi nyl i ggp% fbupyd Q%PMPFr}m@qislvet ﬁb"iﬁ‘fé V?{;?%?éfh?%%;g% :

tetrafl uor hyl en- hexaf | uor opr opyl ehe co- po tal s whose
surface ha%l?%ﬁf‘ng?‘\é% S2iEsh ishln%q\?éjer&ta% the use points is recovered

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



quarts, or glass. In the water distribution piping of this invention, an
in- line mxer is installed imedi ately upstream of the bramgahegoosoi nt at
whi ch a branch pipe extends fromthe nain pipe. As a result, gas bubbl es
are broken up into mnuscul e bubbles and dispersed in the vapor-liquid

m xture fluid so that the vapor- liquid mxture ratio of the fluid in the
branch pipe is approximtely the sane as the vapor-liquid mxture ratio of
the fluid in the main pipe regardless of the angle at which the branch

pi pe ext endsefiseantbeonbian spiaea tivty of Wik adowd, wabof it 8 UVs@hnt Poifits ai ght
up. Wien the gas that is dissolved in pure water is ozone, the dissolved

ozone concepys aleQR Afd LG %&@ggﬂiﬁﬁ%kﬁﬁgﬁéﬁgitﬂ% w‘éﬁ%?ﬁr%hﬂaﬁa& ows

t hrough the nain plpe can be nmade essen onst ant I'S Ts done by

transporting . the ozone-di ssolved. cleaning water that flows oput of the gas
di ssol vi ng gau ﬁﬁ@rﬁf’%'7 3@%@%& 9 Sf‘-ﬁg PAXRIDHAIS $AABLT PXATSD mi xture
fluid that coexists with gas that contains undissolved ozone. D agram 3
expl ai ns t hehath@enmat havsr arpeprivgnghpadsonsacbine mscitliadhomttygef | xed
level. 1In the diagram the horizontal axis represents the length of the
mai n pi pe whHreasnt benieets,cald pipelimpnebanisswitie.a banlaehi rakh hie of
di ssol ved ozone. \Wen ozone-contai ni ng '

and a stator. Among these, static mixers that do not have any

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



gas is supplied to pure water at the gas-dissolving equi pmrent A7 o0zone

di ssolves in pure water, causing dissolved ozone concentratijane o041 se
rapidly. However, with a rise in the concentration of ozone that is

di ssolved in pure water, ozone |osses due to self -deconposition 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

exi sts in undissolved gas that acconpanies the water flow dissolves in

water. As apgeRESARNADt 1R r Ok OE d?sséf'@e@%ﬂe <8 c@%2p&tibRapy! S | oSt due
to self - decorrp05|t|on in the water balances wth the anount “of ozone in

the acconp ssol as_t.nat di ssqlves i ter,.allow ng the
di ssol ved aﬁxg%er%:og %ﬁggﬂ I?10st1RémE)‘zone 35158??/%8 AP H R ERTS t o
remai n _at an gpproxi mat eI y constant |evel. Wen ozone- dissol ved cl eani ng
wat er f1 ows™iy ghﬁﬁ”%&ﬁ/ﬁ@f‘? ABSIFLANGe FRIGZONR B&¢ ithdi nmauiRe st thadone i n
t he acconpanyi ng undi ssol ved gas decreases. At point C, it becones

difficult fare nhedamduaithefr ﬂmoToﬂuMSZﬁ)ﬁ)éhperfhﬂirohﬂkémlyf relsigonposi tion
in the water to remain in equilibriumw th the anbunt of ozone that

di ssol ves i (PFAg, péllyaiinky] Pde i O €1 6 A PYD Lﬁ@y&%@ia\ﬁﬂogaétmﬁ

di ssol ved ozone concentratlon begins. to tap f “at "t his poi nt. the water

distributi O(P'PF@)TQe(PIait]nb§0‘e{ﬁ’)‘?l%td-‘ﬂ@xafiub?opropylene co-polymer

(FEP) metals whose surface has been passivated, high purity
qruarts, 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,
horizontal, 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



desirable to set up a branching point for a branch pipe between point B
and ‘point Con the main pipe. If the condition of the vapor-Juhggogs m xture
of the fluid in the branch pipe is the sane as the condition of the
vapor-liquid mxture of the fluid in the nain pipe, the changes in the

di ssol ved ozone concentration of ozone-di ssolved cleaning water that flows
t hrough the branch . pipe fromthe branchi ng point becone identical to the
changes in the dissolved ozone concentration of the ozone dissolved water

that flows fipwhetfog oied fa i Ppor-ASqiid ek fureOB¥NE-t 1SS ¥RYs GV HNi Ng wat er
that has a nearly constant ‘concentration is supplied to one or nore use

at has a nt - cor on I's suppli ed to one or mor
Fruia in thes arafio il LiFotA0ER, 8uBke, M Bhalbm 20PkalM i ng

gas, the anount of, ozogﬁﬁt hat - di f]sol ves in ozone- dissolved c| eani ng water
fromthe ga@%ﬁ‘és'@s%o FEPING LPRAZO B RN thpbiad Bt @ fixedeptetli-sh ozone

that is lost, through self-deconposition in the ozone-containing cleaning
wat er, and In whe dtiagravedtle draricontehaxas irepresentethe danghly ofatikee dr ops
12 7 June 2004 rapidly. In the water distribution piping of this invention,
an in-linemmwineyipe winsteals tite ivereftiAt #kis vopie RAMsafhe he point  where a
branch pi pe branches off fromthe nain pipe so as to keep the condition of
the vapor-|¢snédnPatish of B bived BSone.  When ozone-containing

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

11



branch pipe identical to the condition of the vapor-liquid mxture fluid
in the main pipe. As a consequence, the concentration of disJagheveab4ozone in
t he ozone-di ssolved cleaning water that flows through the branch pipe is
mai ntained at a nearly constant |evel. Even in instances where branch

pi pes are |lengthy and have nultiple use points, all use points can be
supplied with cleaning water that has an al nbst constant dissolved ozone
concentration. When gas-di ssolved cleaning water is manufactured at one
central | ocatrone lasd tsypspel fetk comypasitien ilsehpowater ito e mhéumtin t hr ough
water distribution pipes, the main pipe is oftentines installed in a

hori zont al e@silibeikmHRIEY the DHAAGH §F RED I at RIAGIVES [n fhem the nain

pi pe sonetines need to have upstands or downpipes In order to circunvent
ot her pi pi i ] i f.machi nery.that are eady inpstalled in
the plant. n\g%&egt@?{ ﬂgﬁ’s5%63%%'%?%8%@5‘@‘S’ég%rlrﬁﬁgrﬁﬁs'ne(a:téga‘?%lsfqﬁﬁaset up
on the sane plane as the nain_pipe. They may be set up at higher or |ower
positions t b IROTREHIBEAD DEglas o tapet ahdBds pdi@tmai n pi pe may be
installed on the second floor 13 7 June 2004 whereas use points nmay be on
the first or thknthereattndistibaniom ptipéng of this inventidn,i & fecessary to
supply gas-dissolved cleaning water of uniformgas concentration to all
use polnts.desirable to set up a branching poeint for a branch pipe between

point B and point C on the main pipe. If the condition of the

vapor-liquid mixture of the fluid in the branch pipe is the same

as the condition of the vapor-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 set

up on the branch pipe. When the vapor-liquid mixture fluid

in 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



The water distribution piping for gas-dissolved cleaning water of this

i nvention is capable of controlling the vapor- |iquid m xtuyguie@bosy of the
fluid that flows through branch pipes. This is done by adjusting the

m xing function of in-line mxers and the angles. that branch pipes form
with the main pipe. Gas in the vapor-liquid mxture fluid tends to collects
in the top part of the pipe as it flows. The longer the in-line mxers,
the easier it is to -break up gas bubbles in the vapor-liquid mxture
fluid into rpidle. bulthl g andedidistiiduitéon ig\eBEhiH inbvRe1YEHE Ehn
Consequently, it is desirable to install a long 1n- |line mxer when a

branch pi peixp-’l?ﬁ‘@'H?i%n:ﬁﬁ(lf fs ihoMIi0E if'f]‘lgf;[n%@hg@lgohﬁ.s?reséﬁa#g?hgu@&ﬁ{td or

downward direction. This ensures t ndition o apor-liquid
m xture of the fluid in,the .. branch pj equal s the condition of the
Vepor 11 qui Mkt P32 PHRE PRARADES CHOTHARNL B8 ASAE S bARHEN pi pe
branches off either upward or downward fromthe nmain pipe at a slanted
angl e, the k¢ep dhencendiigacef the vamen-lignidmixiareafjoid imthe ni xture of
the fluid in the branch pipe and that of the vapor- liquid m xture of the
fluid in tHeramin pipandentscsives Ithe thaditioheof the vapoelligupe extends
ei ther straight upward or 14 7 June 2004 downward. Thus the Iength of the
in-line mxgigneRNfRiGd P9hECRYni pigd1eseasid ains@trence, the

concentration of dissolved ozone in the ozone-dissolved

cleaning water that flows through the branch pipe is maintained

at a nearly constant level. Even in instances where branch

pipes 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 cleaning water is manufactured at one

central location and supplied to various use points in a plant

through water distribution pipes, the main pipe is oftentimes

installed in 2 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



Even when a branch pipe extends fromthe main pipe in a horizontal
direction, the angle that the main pipe forns with the brapgbndppmy af f ects
the condition of the vapor-liquid mxture of the fluid. In 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 branch pipes. Wen
the angle fornmed by the direction of the flowof the fluid in the main

pi pe and the branch pipe is snall, the fluid in the branch pipe has a

vapor |iqui dvherday esehpsints @alyybesdn ghtl firgi breantenihfronddat of the
fluid in the main pipe. Wen the angle between the direction of the flow of

the fluid i i I t he -br ' i and the fluid in
the br anchIEp‘{%)ﬂg?{I%v?gePgﬁgag@u SI’te]?tggctﬁétg#asglé?ﬁroo%l{)ﬁ!e}g%a&i'gI?Wr]tvﬁ mai n

pi pe, air buybble.distrj but%on. o _the branch, @i ?E tends to becone
restricted. THPHE Wattr’ Of AEBEM 8AS i G BRttan 4o 3kl povintst s
desirable to select the mpdel and length of in- line mxers by taking
account of thesel Racvater. distritvetigat pipiigdorigas-dispolied) cleaning

gas-di ssol ved cleaning water of this invention, it is possible to control
the vapor- MWaperdofikisuievefitioheis kupdblbaif tbaeso i pude bapaeh pi pes, and

make i ntentional adjustnents to the concentration of dissolved 15 7 June

2004 ozone byy e AExtHESPaliRAbEREE f1TPA tRXRTPb&s AADUPPBYSnch pipes.
This is done by adjusting the mixing funcﬁon of in-]Jine 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



distribution to a branch pi pe can be made to be highly dependenet on the
angl e of the branch by using a short static m xer and i ntentjupanabhsy
limting the break-up of gas bubbles and their distribution so that they
are inconplete. When nmultiple branch pipes are branched off fromthe main
pipe, the wuniformty of dissolved ozone concentration can be achieved

t hroughout the water distribution system by reducing gas bubble

di stribution at branching points that -are close to the ozone dissolving
equi pnent, dawviwerdasi Adiuheéhgdsnigahbd £ theiisttHineuhiigr rateda drechi ng points
that are far away. In other words, uniformty of the dissolved ozone

concentrat i 9hoeh d® inaGisevedulyi g endi ng branch pi pes which branch off
at locations close to the ozone dissol ving equi pnent strai ght downward

the ozone. di Ssorbih ech preke el pEERRLeRY Fom SRE RSP IRE 11 TS
Concentrat i BAFi7en kol Gl T A EE PRt A BVOR e RS RETBI cani ng
water 1is supplied.fromthe sanme main pipe: use points that require high
concent r at i Bif drasednpip e affiects Hunicog didicn ofhihe saper-tigwidct ed to branch
pi pes which branch off straight upward fromthe main pipe whereas use
poi nts thatmigtuie @fl tve fhuid.Jurkn 20O4majority 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

15



concentration of ozone in. cleaning water should be connected to branch
pi pes which branch off straight dowward fromthe main pipe.July2084ng the
wat er di stribution piping of gas dissolved cleaning water of this

i nvention, the vapor-liquid mxture ratio 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 b ranch pipes has the sanme vapor-Iliquid

m xture ratio as that in the main pipe. It is thus possible to supply
gas- di ssol ve@ongl kanisiggnthese deatieras.y dooseantmpbancgas tatblole to al | use
poi nts even-when branch pipes are | engthy and have nultiple wuse points.

Taki ng nor ed aggitestionet s aebsan8Ri fifeTchy Bé hhaedssel h{lﬁ‘%ulﬁa.s
concentration can be achieved at "al'l use points by maki adj ust ments so

that the 2} i ] r ti f i t.hat flo to,a branch
ipe di 1 eracpenppyet IR ¥helfabR oF e EEpLh d nsinR 0 ST ' f1e.
wat er.. of, . varyi ng di ssol ved gas concentration can

ﬁdet ELBST : Zﬁiﬁge%ﬁ Eﬂgﬁﬂagélb\silmf g hhe Rreadi-M o P b2 asy bbbl ag

adj ustments so_that the vapor-liquid mxture ratio of the fluid that flows

to individied theaneispiibudiemmsicethat phenerieoin ominpdesect i Wihen hi s

I nvention is explained in 17 7 June 2004
multiple branch pipes are branched off from the main 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 dissolving equjpxnentstraight
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 pipe: 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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greater detail by using exanples. This invention, however, is 1in no way
limted by these exanples. In the exanples, a water distribpyisogigi ng for
ozone dissol ved cl eaning water having the schene shown in Diagram 2 was
used. High purity oxygen gas and high purity nitrogen gas were supplied to
an ozoni zer [Sum tono Precision Products, silent discharge ozonizer

SG 01CHU). Ozone-contai ning gas having the ozone concentration of 71

g/ NnB, and pressure of 0.1 MPa was taken out and injected in an ultrapure

wat er |ine chaciendritienvaf ezoqreesswleanling. RatdPahandd the chinwiedtygl ocity of
20 liter/mn. through an ejector for ozone dissolution. The _ vapor-liquid

TXTe L2 LO TIAkNAPR 1p BE RIS bARER BEF G138 N UL BIRBLESMRHFL T the

mai n pi pe was set to be 30:70 Al vapor- ure ratios are
f volunme. The nmain pipe had an internal dianeter

expressed i t.er
rangi ng bet \akaelﬁl Ir)Tﬁ%é)'and 25 mm and was 90 mlong. Branch pipes were built
at points that were 30 m 60 mand 90 m away fromthe ozone dissolution
ejector. At al |l Bt asdnendewiates disteibation figrimgdof igast dissedviedpi pe and a
branch pi pe was 90 degrees. Branch pipes had internal dianeters ranging
bet ween 12 elechmidgrmateAldf thist heveweioa, 38envapogrligeid peistuTeVBitgoset up
at 10 m 20 mand 30 mfromthe branching points on each branch pipe. The
end of the 8P tHelQR9d "Mz? NoRS 16D AWVIEPIFEs (QAnbbLdNFolfed 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

17



7 June 2004 pi pe. Ozone-di ssolved cleaning water was passed through each
branch pipe at the rate of six liters per mnute. Al pipes7Jjugseosrde of
PFA. By adopting the reverse return nethod, an adjustnment was nmade so that
the linear fluid velocity was nmaintained at a constant |level. A sanpling
board was placed at the branching points of branch pipes and at their ends
in order to neasure the vapor- liquid mxture ratios at the end of branch
pi pes and the concentration of dissolved ozone at the branch points as well

as at the gmdstef dtheillypnclinpiesmpExanpl This @nviehaiopshoesew i, dg of each
of the three branching points where branch pipes branched off fromthe

mai n pi pe, ’%Wwﬁnlkﬁ@%éﬁiﬁ?%ﬁ%ﬂﬁm-m alled. The ozone

concentration of the ozone- cleaning water that flowed through

the main pipe wgs 2.5 ng/lifer at 30 ters fromihe ozone dissolution
ej ector, 2.0 ng/%l“i thg e nébltesnezi Sratery 'tﬁl.lj(}’tl’rﬁplli”cl?a‘rnga@@é’zr?é%eers. Each

branch pi pe was extended strai ght downward from the nai n p{ﬁ)_e, turned in a
hori zont al - ditsdvieghcheaming wateshaviag the soligree shewad s ggam upwar d
at 0.5 m turned. horizontally again at 0.5 m and stretched in a straight

horizontal @iwestised. f oHigR. purity Tdwey gepqgad had High guriey reitiogend t he

oeene gas were 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

18



19 7 June 2004 concentration of the branch pipe that branched off at 30 m
from the ozone dissolution ejector were 30: 70 and 6.0 ng/ | 7tane 2004
respectively. Those of the branch pipe that branched off at 60 mwere
30:70 and 5.0 ny/liter respectively. Those of the branch pipe that
branched off at 90 mwere 30:70 and 4.3 ng/liter respectively. Next,
branch pipes were extended fromthe main pipe in a horizontal direction
and the entire 30 neters of the branch pipes were stretched in a straight
line. The bpépeh pOgendralissbohent cdelaning ataBQ wafsr pasgdre thzonghdi ssol uti on
ejector had a vapor-liquid mxture ratio of 30:70. Finally, branch pipes

wer e ext endegchiyran@l ppyar dhkrame GPEEWitBIQingb%HﬁF@.d hﬂgi @?E}E’s" ly at

0.5 mfromthe main pipe, then turned straigh war d at and the

remai ni ng 2 ‘ f anc ' tretched iin_a straight line in
a hori zont aﬁrezfrrg]gtaieoé\f]gtﬂa "5 %13p4ﬁ§?’61§”§%?h§|r S’ieésﬁirfltﬁfré I?%\{q(bg’ BF the
branch pi peﬁhat bé!gpched off at 30 mfromthe_ozone _dissolution ejector

was 30: 70. Y e Fenthat the dmear fluidialpeity Was perfor ned
with the exception of the length of the static m xers, which was changed
to 50 cm Mmaintained at a constant level.

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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When the branch pipes were extended strai ght downward 20 7 June 2004 from
the main pipe, the vapor-liquid mxture ratio and the ozong Jjgaeecemdration
of the branch pipe that branched off at 30 mfromthe ozone dissolution
ejector were 25:75 -and 5.5 ng/liter. The branch pipe that branched off at
60 mhad a vapor-liquid mxture ratio of 25:75 and the ozone concentration
of 4.3 ng/liter. The branch pipe that branched off at 90 m had a
vapor-liquid mxture ratio of 25:75 and the ozone concentration of 3.5
mg/ liter. Weem celndrbtiamcof phpds amerhepépe ehded ramchelloof£an3@d m didmcti on
fromthe main pipe, the vapor-liquid mxture ratio of the branch pipe that

branched of th alo:Afh &ndit 9811416 p0eRRG r 850130780 BlUCE (P AT E10: 70 The

branch pi pe that branched off 60 m had a vapor-1iquid™m xture ratio of

wer ¢ oxt endb RV o ”at'fswea% it o5t pranonserort ALRR M M ur e

ratio of the bran I&\Nil pe that branched off at 30 mfromthe ozone

di ssol uti onnéj“é?:lfeoé 0 awd 050 mgIesnespsicitvelyar pFhaseeadf thef at 90 m
had a vapor-liquid mxture ratio of 35:65 and the ozone concentration of
4.7 ny/litebraggbhrpipe 8hat branched off at 90 m were 30:70 and 4.3

mg/liter respectively.

Next, branch pipes were extended from the main pipe in a
h‘orizontal 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 Iength.of the static mixers, which was
changed to 50 cm.

When the branch pipes were extended strajight downward
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The sane mani pul ation as in Exanple | was performned wth the exception of
the length of the static m xers, which was 21 7 June 2004 chaongegodo 20 cm
When the branch pi pes were extended strai ght dowmmward fromthe main pipe,
the vapor-liquid mxture ratio and the ozone concentration of the branch
pi pe that branched off at 30 in. fromthe ozone dissolution ejector were
15:85 and 3.3 ng/liter. The branch pipe that branched off at 60 mhad a
vapor-liquid mxture ratio of 15:85 and the ozone concentration- of 2.5
ng/liter. Theomrtiempipeiphathbreapoedigqaid ahi i mi ratiadamd vidyeor - | i qui d

m xture ratio of 15:85 and the ozone concentration of 2.0 ng/liter. Wen

the branch pipas veneeaxAMER0T Phe mrdcqu‘liﬁb th@tﬁﬁ%ﬂ&&ifo%‘ dhgomai n

pi pe,-the vapor-liquid mxture ratio of the branch pipe that branched off

at 30 mfro ' ' ' | ect Qr 25, /5. When_the branch
pi pes were @(?gﬁﬁgﬂgﬁza%%?qg%%ﬁgoﬁ# %c%qf)ﬁ\é@%ﬁ? ?%i%éefmﬁhé'i;apor-l i quid
m xture ratiO/if t he r%(:h p'k] branched off _at 30 mfromthe ozone

pe. t ha
di ssol ut i on™E§/aHESr T8gc CB’(R)%F%P-F Paape eff atfel g kadheni pul ati on
as in Exanmple |I was perforned
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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except for the fact that no static mxers were used. Wien the branch pipes
wer e extended straight dowmmward fromthe main pipe, the vapgund 2@p4 d

m xture ratio and the 22 7 June 2004 ozone concentration of the branch pipe
t hat branched off at 30 mfromthe ozone dissolution ejector were 0:100
and 1.5 ng/liter respectively. The branch pipe that branched off at 60 m
had a vapor-liquid mxture ratio of 0:100 and the ozone concentration of
1.2 ng/liter. The branch pipe that branched off at 90 mhad a vapor-liquid
m xture ratichasfgest 10 RGmant he ozone concentration of 1.0 ng/liter. Wen
the branch pipes were extended in a horizontal direction fromthe nmain

bi pe, " the vapor Wik dheibiai{ch Hapbs Whre hichuRachgl o WA plygached of

at 30 mfromthe ozone dissolu n ejector was 10 ranch
B or o1 o FEOBEEE AR B, AN Ehol ISR R S0 A 0T e Gvone
he>Cht e bPZHaR °én€’§§ﬁ?a§wmf§ﬁ%@mb%bégmi%§?p”ﬂ§é ot $he i n
pipe, a 20 cm_ long stati.c m xer was installed.

m from the ozone dissolution ejector were 15:85 and 3.3

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 I;ranch 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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Each branch pi pe was extended fromthe main pipe downward at a 30 degree
angle fromthe horizontal direction, turned in the horizontdingpo®cti on at
0.5 mfromthe main 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 remaining | ength of
the branch pipe. The vapor-liquid mixture ratio and the ozone
concentration of the branch pipe that branched off at 30 mfrom the ozone
di ssol uti oncgpacternoentra2doiv dfatie Hréned/ pifiethat dspachiedebff alNed@, branch
pi pes were extended upward fromthe main pipe at a 30 degree angle from

the hori zonfrafr ¢lin’ €i6é iceidne sl on tdje chof o ak10Dredips at 0.5 mfrom
the main pipe, then turned downward at a 30 degree angle at 0.5 m turned

hori zont al | Bl D and fralght,in e i tal
direction f%lﬁggeg %%p?;ﬁgn{@el%i nirlﬁ%(g ;Bé%gt%ﬂ Iglfpe[ h@a{ BF%%H‘?&%&T“%Q branch
pi pe that brapched off at, 30, mfrom the ozgne dissolution ejector had a
vapor - | i qui & ﬁflat%r"é‘f’r%‘i&’cﬂm&f mixiyse raflo Hrfa(ﬁ@ld(?)iaﬂéi theoafhched of f at
60 mhad a vapor-liquid mxture ratio of 28:72 and an ozone concentration
of 4.8 ny/|¢eeecnmmaiaonyof brameg/lptees Ehe hmameidpdp epthat bminchedd degr ee

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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angle fromthe main pipe, turned horizontally at 0.5 in fromthe nmain

pi pe, then turned downward at a 45 degree angle at 0.5 m  YuuRedoo4
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
pi pe that branched off at 30 mfrom 24 7 June 2004 the ozone dissol ution

ej ector had a vapor-liquid mxture ratio of 35:65. The branch pipe that
branched off at 90 mhad a vapor-liquid mxture ratio of 35:65 and an
ozone concehorazontallyofgainzand).bi meran dabbtetcheshows dibgigtapns thequid

m xture ratios which were obtained in Exanples 1 through 4 and Conparative

Exanpl e 1 hoFhbetall] dfiah o o8BS of H‘P@%h%iniﬁ?ﬂbégf%@f of et AUl d
xture Ratio M xer (cmBranching (Volunetric tio

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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‘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: 7%30Qad D604
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 eAngle Angle

the ozone dissolution ejector had a vapor-liquid mixture ratio
6f 35:65. The branch pipe that branched off at 90 m had a
vapor-liquid mixture ratio of 35:65 and an ozone concentration
-of 4.7 mg/liter.

Table 1 shows the vapor-liquid mixture ratios which were

obtained in Examples 1 through 4 and Comparative Example 1.

[Table 1]
Table 1
Length of | Location Gas-Liquid Mixture Ratio
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 22:78 28:72 35:65
Example 4 20 60 - | 28:72 -
90 - - 35:65
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3022: 7828: 7235: 65 Exanpl e 42060-28: 72- 90--35:65 25 7 June 2004 Table 1
shows that in Exanple 1, in which 100 cmlong static m xerg Jueseogssed, gas
bubbl es were broken up and dispersed at branching points and the
vapor-liquid mxture ratios in the .branch pipes were equal to that.of the
main pipe. . Wen the length of the static mxers are shortened, as done
in Exanples 2 and 3, dispersion of gas bubbles at branching points becones
i nconpl et e. Tg? ratio of gas bubbles in the upper portion of thq mai n pi pe
i ncreases, &A ?Hesbﬁb‘bfrlgﬁhmnoﬁmmrdreelranl\mhwh 1@hemrlamh spaties change,
depending on the angles of the branch pipes. Wien no static mxers are

used, as i nmiErpavaeie ased; gy bubbleonsers babiken @ A3G &gﬁg@édiﬁq t he
upper portion of the main pipe becones nmarked, making it inpossible for

L S i S VA A R

Exanple 4, static mxers of th _ _osExus a rrpuaoge\r/ve{g
. Ho - tihe .vapaor-Ljiquid . .m xtur ratios in Exanp wer e

'ltjflg'? of m\e/ﬁr?anlénﬁ]%iléggtﬂgﬁé%rﬂuaéxngh%ﬁ@?é’fb@’&ﬁy’emt R&P By andhbpprpde wer e not

turned straight. u rd or. downward. This reveals that the vapor-1liquid

m xture rat ieg‘gdh ?ﬁﬁ? ISkpH G MIBeEhARefibnudenad, b dehedndBxbmples 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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varying the length of static m xers and the angle of branch pipes. Table 2
shows the ozone concentrations obtained in Exanples 1 throngbnglzeod .
Conparative Exanple 1. 26 7 June 2004 [Table 2] Table 2 Length of Location
Static of Ozone Concentration (ng/liter) Mxer (cmBranching Point m
Straight Horizontal Strai ght Downwar dUpward 306. 0-- Exanpl e 1100605. O- -

904. 3-- 305. 5--

[Table 2]
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 - - 3
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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Exanpl e 250604. 35. 0- 903.5-4.7 303. 3-- Exanpl e 320602. 5-- 902.0-r
Conpar a- 301. 5-- tiveNone601. 2-- Exanpl e 1901. 0-- Downwar d Upvatiel2@d4 Upwar d

at at 30 30 Degree 45 Degree Degree Angl eAngle Angle 304..6-- Exanple
42060-4. 8- 90--4.7 (Note] Ozone concentration at branching points on the

main pipe: 30 m-- 7.5 ng/liter; 60 m-- 6.0 ng/liter; 90 m -- 5.0
ng/liter. Table 2 shows that in Exanple 1, in which 100 cmlong static

was maintained at the end of each branch pipe that extends
straight downward.  When the length of static mixers is
‘shortened, as in Example 2, gas bubble dispersion at branching
‘points becomes incomplete, causing the ratio of gas bubbles in
the upper portion of the main pipe torrise. High ozone
concentration is obtained when branch pipés 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 ;hortened as in Example 3.
When no static mixei’s 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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m xers were installed, gas bubbles were broken up and dispersed at
branchi ng points, and high ozone concentration 27 7 June 2004un&3004
mai nt ai ned at the end of each branch pipe that extends straight downward.
When the length of static mxers is shortened, as in Exanple 2, gas bubble
di spersion at branching .points becones inconplete, causing the ratio of
gas bubbles in the upper portion of the main pipe to rise. H gh ozone
concentration is obtained when branch pipes are turned in a horizontal
direction or straight upward. Low ozone concentration results when branch
pi pes extend straight downward. Ozone concentration at the end of branch

pi pes that are Byrnddgstheiveite rddigine et ibacsfRin L ¥ep daavaisIeRd t he
|l ength of static mixers is further shortened as in Exanple 3. Wen no

Tn"the Upped Sat T fie gL I CPRDEA Bl ke OB Boni @ BiRKER Tai Fon ot
ow 1n  Exkhges of (BRILITumalifrs BiaRchb RS b bRoSeRIOUIEd At Branpl o
3 were used., However, ozone concentration is higher than in Exanple 3
because t hebbaBABRBiRsHatsembbe gorin piger 8 dhtatupape ot loguitbwmistude Thi s
reveals that the ozone concentration of ozone-di ssol ved cl eani ng water
that flows 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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t hrough branch pi pes can be adjusted by varying the length of static

m xers and the angl es of branch pipes. 28 7 June 2004 By us¥ignd beodnat er

di stribution piping for gas-dissolved cleaning water of this invention,
the vapor-liquid mxture ratios of the fluid that enters branch pipes can
be controlled at branching points on the main pipe so that vapor-1liquid
m xture fluid that has the sane vapor-liquid mxture ratio as that in the
mai n pi pe can be sent to branch pipes. For this reason, gas- dissolved

cl eani ng maEhﬁeﬁﬂimphmmumyHCQﬁshanDrgﬁﬁﬁggtration can be supplied to al
use points even when | engthy branch pipes are extended fromthe main 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 .all use .points.b maki ng adj ustnents so that the
vapor- | i qui d m'aléf%:g’éa%filésa @ﬁStFﬁ\edH&Yﬁnt%W&ge&@ BPENERIADRL differ

on the upstream and downstream sides of the nmain pipe. Aternatively, by
maki ng. adpddnfedisselatinatclenaingpwates gupglyisgtateenr ati os of the fiuid
that enters individual branch pipes differ fromone another, cleaning
wat er having varying di ssol ved gas concentration |evels can be supplied to
i ndi vidual use points fromthe sane nain pipe.
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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29 7 June 2004 Brief Explanation of the Drawings Diagram 1l is a system
di agram showi ng the conventional ozone dissol ution cl eani ng Jvat@o0guppl y
system Diagram 2 is a system di agram showi ng a node of the water
di stribution piping for gas-dissolved cleaning water of this invention.
Diagram 3 is a graph that explains the nmechanismof constant ozone
concentration retention. Explanation of Codes 1. Oxygen gas tank 2.
Ni t rogen gas tank 3. Ozonl zer 4. Ozone dissol ution eqU| prment 5. Min pipe
6. Branch pipe 2. Jel p@ﬁﬁnuaer Ozone deconposition equipnent 9. Gas
l'iquid separator 10. Branch pipe 11. Branching point 30 7 June 2004

13. Recovery pipe
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12. In-line m xer 13. Recovery pipe 31 7 June 2004 Clains 1. A water

di stribution piping for ozone gas di ssol ved cl eani ng wat er 7Jane004

di stributes cleaning water, made by dissolving 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 of branch pipes
extending fromthe main pipe, conprising: an in-line mxer imed ately

upst r eam oflaizsh point at which a branch pipe extends fromthe main pipe.
2. The water distribution piping for ozone gas dissol ved cl eani ng wat er
described in Caim1, wherein a gas-liquid mxture ratio of the fluid which
flows througq e

| n a gas-liqu Xt ur 1o of ui ¢
functi on of " a patdt daftiRRER SRt @Res s fssllel Sledhineciaba o br anch
pipe_ext engmidl amuibfelRituph Syatth) 48! 8155&%## 3800 B8 i fENT T at ! on

of the cleaning water at ai se pdints along eac ranclk pipes'rn a

desired |wetdrsin thdprassrdof 3. gabbouyaiieturdioft dAdmet iR oRyBiMgad, Ghe 9aS
di ssol ved cl eaning water described in Claim1l, wherein a gas-liquid
m xt ure ravelsrglishation pigingninshnding ewmaih pipg hné acplusaity &ff bracbh pi pe i s

determ ned_by serti.n onstant . m.xing function of said in-line m xer and
adj usting Bﬁﬁﬁ%{e@dﬁ& &Hfﬂc cdaMg PIB‘?agf%%Prb‘i% extends fromthe main pipe,
in order to kggR HenPZG Ymediately upstream of each point at which a branch

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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concentration of the cleaning water at all use points along each branch
pipes in a desired |levels to be used. 4. The water distribuyiygre pogq ng for
ozone gas-di ssolved cleaning water described in Claiml1, 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 m xing function of
said in-line mxer and fixing a specified angle at which said branch pipe

ext ends fr avhichefloers nthpowgh canh osaidr bitanck epipet ise deezmiged Gyc epfingt | on of
t he cl eani ngnwat er .at all use al ong each branch piges ina desired

oints ! )
| evel s to KENgfRRYMIENg fHECHRR @?S@Iﬁdslﬂrlﬂlkﬁjmlw Bidofinipgf vepasided angle di ssol ved
cl eani ng . .d i bed in C ai to 4, wherein the unused gaseous
m xt ure o:‘l\%(t')g)(’)hﬁceh g%ﬁ&)rg&&bgwegeﬁe%é&%@eéﬁirﬂ@m\/ﬂp%rmeﬁrdﬁli fo kP ¥6i nts al ong
each branchygp ' r r : r (YN oY) reused. 6.
The wat er dizgt r?%ﬁ%%ﬁgnp?ﬁgﬁ o?g%%%gygégg%éiagggggéﬁ) %e@ﬁbﬁg@a\?gt er
descri bed branchgiipeslintodé&siredievelsno baivded.n- | i ne nixer is a static mixer. 7.

The water distribution piping for ozone gas dissol ved cl eani ng wat er
described in Claiml to 6, wherein said in-line mxer is inert to ozone. 8.

The water disiribution piping, for. pzope gas di ssol ved cleaning water
described in % Lar?'ﬁ]"‘?&%ﬁ’éﬁ’é‘?‘ﬂl%ﬁnal%gqf Hens Ee Aissalved gleaningatarnt er | al
selected f 0, ing, t e face has heen passivated, high
Sar ity qua??ézeﬁyr?gqig]] ggazin g gorﬂa, BhéreM' R uf ey 15008 nmiktite 0F 0Zons

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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ABSTRACT WATER- DI STRI BUTI ON PI PI NG OF GAS- DI SSOLVED CLEANI NG WATER To
offer a water distribution piping for gas-dissol ved cleani Adgun&@4 whi ch
i s capabl e of supplying cleaning water that has an essentially constant
gas concentration to all use points even when the cleaning water in which
a self- deconposing gas is dissolved. is-distributed over a long distance
fromthe main pipe to branch pipes that have multiple wuse points in a wet
cl eani ng process of el ectronic matgggakscTA water distribution piping for
gas-di ssolved cleaning water which distributes cleaning water, made by
dissolving gas in pure water, in the presence of gas, and characterized by
the installati onWSFEEnDLATRLBET RPN ePIP @ dPHL @25~ RPSIPEER of each poi nt
at which a branch pi pe extends ¢rpanthe warRrpi pe. Figure 2

To offer a water distribution piping for gas-dissolved
cleaning water which is capable of supplying cleaning water
that has an essentially constant gas concentration to all use
points even when the cleaning water in which a self-
d‘ecomposing gas is dissolved.is-distributed over a long
distance from the main pipe to branch pipes that have multiple

use points in a wet cleaning process of electronic materials.

A water distribution piping for gas—diss-olvcd 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 mixer immediately upstream of each
point at which a branch pipe extends from the main pipe.

Figure 2
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