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(57) Abstract

An apparatus for producing a water containing dissolved ozone, characterized as comprising (A) an ultrapure water supplying piping,
(B) a catalytic reaction section which is connected with the ultrapure water supplying piping and in which the ultrapure water is contacted
with an oxidation-reduction catalyst, (C) a filtering unit in which the ultrapure water from the catalytic reaction section is filtered, and (D)
an ozone dissolving unit in which ozone is dissolved into the ultrapure water from the filtering vnit; and an apparatus for producing a water
containing dissolved ozone comprising an ultrapure water producing unit equipped with an uliraviolet radiation device and an ozene
dissolving unit in which ozone is dissolved into the ultrapure water produced in the ultrapure water producing unit, characterized as further
comprising, between the ultraviolet radiation device and the ozone dissolving unit, a catalytic reaction section which is packed with an
oxidation-reduction catalyst. The apparatus for producing a water containing dissolved ozone can be used for removing even a trace
amount of an ozone decomposing substance contained in an ultrapure water and thus for obtaining a water containing dissolved ozone with a
high content of residual ozone after the transportation thereof over great distances.
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(57) Abstract An apparatus for producing a water containing dissolved
ozone, characterized as conprising (A an ultrapure water 1sypbnsr2goPi pi ng,
(B) a catalytic reaction section which is connected with the ultrapure

wat er supplying piping and in which the ultrapure water is contacted wth
an oxidation-reduction catalyst, (C) a filtering unit in which the
ultrapure water fromthe catalytic reaction sectionis filtered, and (D)

an ozone dissolving unit in which ozone is dissolved into the ultrapure
water fromthe filtering unit; iﬂ§$ Eﬁﬁﬁr tus for producing a water
cont ai ni ng di ssol ved ozone conp ﬁgi rapure water producing unit
equi pped with an ultraviolet radiation device and an ozone dissolving unit
in which ozone is dissolved into the ultrapure water produced in the

ul trapure i (= i Lsi ng,
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catalytic reaction section which igmeeiked with an oxidation-reduction
catal yst. The apparatus for producing a water containing dissolved ozone
can be used for renoving even a trace anount of an ozone deconposing
substance contained in an ultrapure water and thus for obtaining a water
cont ai ni TECHMNGAEFIEIdne With a high content of residual ozone after the
transportation thereof over great distances. 15 Cctober 2003 DESCRI PTI ON
APPARATUS FORTRRCR:4Ge NG iiiwaiin CobiEAb NItdI@ nDh 6 M hE fo ped dEGENy &y FI ELD
The present invention relates to an apparatus for producing water

cont ai ni AgNIBE \Esdyeheozoner e Mare ipantmulazly; e ppesent inveationon
relates to an apparatus for renoving substances pronoting deconposition of
ozone whirelites &0 agrarnaraius forremeyinesubstancesprosmatingrdetomposifion and

provi di n% wat er contai ni ng di s(fpll\ﬁed ozone which shows |little decrease in
f ozone which are contained in ultrapure water in very small amounts and :

providing water containing dissolved ozone which shows little decrease in
the concentration of ozone and has a great residual fraction of ozone

dissolved in water after transportation for a long distance.

BA ND ART

For achieving excellent quality and high yields of products of
electronic materials such as silicon substrates for semiconductors, glass
_substrates for liquid crystals and quartz substrates for photomasks, it is
important that foreign substances are removed from the surface of the
electronic materials. Wet washing is widely conducted for this purpose.
Application of a washing fluid having a strong oxidizing ability is effective
for removing organic and metal contaminants. Washing at a high
temperature with a mixed solution of sulfuric acid and hydrogen peroxide
(the SMP washing liquid) or a mixed solution of hydrochloric acid,
hydrogen peroxide and ultrapure water (the SC2 washing liquid) has

heretofore been conducted.



t he concentration of ozone and has a great residual fraction of ozone

di ssolved in water after transportation for a |ong di stangg.ofd¥dtGook/ND ART
For achi eving excellent quality and high yields of products of electronic
materials such as silicon substrates for sem conductors, glass substrates
for liquid crystals and quartz substrates for photomasks, it is inportant
that foreign substances are renoved fromthe surface of the electronic
materials. Wet washing is widely conducted for this purpose. Application
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the roomtenperature. Therefore, water cortalning dissolv ozone which
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metal contam nants on the surface of electronic materials even when the
concent r i isewerd]l arglicer is imingratedrddd iwer washey NgWsRd Eqftaiihgwashi ng.
Water containing dissolved ozone is characterized in that the water

provi des dissglveak gzdriegis clpanaicterizeat Br thiethd hatet psovides opdimeyilsigh
deconposed. However, since the dissolved ozone is deconposed with tine and
conver t eBuriy ovabey yehen the dissolvedaronens ddeorapiosedl. bdlawévém sincetthat t he

cancentrgtiop of ozone js nmaintained well and water containing dissolved
ozone i Sg{qsg PFIe Iglecgmposed with time and converted into oxygen, it has

been considered to be difficult that the concentration of ozone is
maintained well and water containing dissolved ozone is transported for a
long distance through a piping. Therefore, water éontaining dissolved
ozone 1is prepared in the vicinity of a cleaning apparatus and used
immediately after being prepared.

It was found by the present inventors that the decrease in the
concentration of ozone was suppressed and water containing dissolved
ozone could be transported for a long distance when ultrapure water was
transported while a gas containing ozone was mixed with the ultrapure
water in a piping for the transportation. An apparatus for supplying
‘water containing dissolved ozone shown in Figure 1 is proposed in
Japanese Patent Application Laid-Open No. Heisei 11(1999)-038181.
Oxygen gas from a container of oxygen gas 1 is mixed with a very small
amount of nitrogen gas from a container of nitrogen gas 2. The resultant
mixed gas is introduced into an ozone generator 3 of the silent discharge
type and a mixed gas of ozone and oxygen gas is produced. The produced

mixed gas is introduced into ultrapure water in an apparatus for



I ong distance through a piping. Therefore, water containing dissolved
ozone is prepared in the vicinity of a cleaning apparatus g@ctHE&%003

ely after being prepared. It was found by the present inventors
concentration of ozone was suppressed and water
ng di ssolved ozone could be transported for a |ong distance when
transported while a gas contai ning ozone was m xed
with the ultrapure water in-a piping for the transportation. An apparatus
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into oxygen gas by spontaneous decomposition, the amount of ozone
decreased due to the spontaneous decomposition is supplemented with
ozone dissolved into the water phase from the gas phase and the
concentration of ozone can be kept approximately constant. The water
containing dissolved ozone is taken out of branched pipes 6, subjected to
gas-liquid separation and consumed at point_s of use 7. The water
containing dissolved ozone which is present in an excessive amount and
not taken out of the branched pipes is introduced into a gas-liquid
separator 8 and separated into the gas phase and the water phase. Ozone
in the gas phase is decomposed in an apparatus for decomposing ozone 9
and ozone in the water phase is decomposed in an apparatus for
decomposing ozone 10. After the decomposition of ozone has been
completed, the gas phase is released to the atmosphere as a waste gas and
the water phase is recovered as waste water and reused after necessary
treatments.

When the above apparatus for supplying water containing dissolved

ozone is used, change in the concentration of ozone during transportation

cont ai ni ng di ssol ved ozone is formed. The product flows through
a pi pi ng Orftganﬁp(mﬁlgm gasrdigaid asixed dhiid Srwhid réinaining hiHeccondi@oni ng i n
t he condll%l on gas-liquid mxture. Al though ozone dissolved in water
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decreased due to the spontaneous deconposition is supplenented with ozone
di ssolved into the water phase fromthe gas phase and the 15q886553pa8i on of
ozone can be kept approximately constant. The water containing dissol ved
ozone is taken out of branched pipes 6, subjected to gas-liquid separation
and consuned at points of use 7. The water containing dissolved ozone
which is present in an excessive anmount and not taken out of the branched
pipes is introduced into a gas-liquid separator 8 and separated into the
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even whegzdie inatles watdraconBaniis dbsdeedZaR8el ebieaBsPUie ol @he a | ong
di stance and water containing dissolved ozone in an approximately constant

concent r spdrianeans decauppéition iscuypplansntdd with okavedisolvedaneo the required
in an excessive anpunt in this apparatus since the anount of ozone in the
wat er cowasémphgselifsan| thedgay phaseectbasddrejueater ¢dusairmpgndiasdoad
deconposition is su[t)lpl emented with ozone dissolved into the water phase
from t heOZpae phaskichTHesasnpesitionael pzanminisippyestied sand sghickz shewisn whi ch

deconposj.tion, of ozone is suppressed and which shows little decrease in
t he concféﬁh‘f' HAecEerssr 19 A copreniration geggonecandyhps a great residual

fraction of ozone dissolved in water after transportation for a long distance
is required.

The present invention has a object of providing an apparatus for
producing water containing dissolved ozone which can provide water
containing dissolved ozone which shows little deérease in the concentration
of ozone and has a great residual fraction of ozone dissolved in water after

transportation for a long distance.

DISCLOSURE OF THE INVENTION
As the result of intensive studies by the present inventors to achieve
the above object, it was found that the decrease in the concentration of
ozone took place due to the presence of very small amounts of substances
promoting decomposition of ozone in ultrapure water used as the material
- water for water containing dissolved ozone, the substances in very small
amounts were effectively removed by bringing the substances into contact
with an oxidation-reduction catalyst and the substances in very small

amounts were formed by excessive irradiation with ultraviolet light in the



fraction of ozone dissolved in water after transportation for a |ong

di stance is required. The present invention has a object 1gfodigayedong an
apparatus for produci ng water containing dissolved ozone which can provide
wat er contai ning dissolved ozone which shows |ittle decrease in the
concentration of ozone and has a great residual fraction of ozone
dissolved in water after transportation for a |long distance. D SCLOSURE OF
THE I NVENTION As the result of intensive studies by the present inventors

to achi eve thg above qbject, it was found that the decrease in the
concent r B¥9C8ss &9r PEOGHEnE JPlkranureewathr- 1 d henbresens dpventen kas beem| |
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The essence of e present invention iIs to renove very s anount s of

subst ancese f @H@mﬂﬁgsl@@%misﬁmmieaftoomngpﬁa{ﬁmlg ltée adbRAin¥iz8he SUPPI i ed
to an apparatus for dissolving ozone by bringing at | east one of the

ul t r apur endvatler weatppl ied tn the prpEasasfiproéducidpsebkapme ezaee inaed t he
wat er used in the process of producing ultrapure water into contact with
an oxi datamgact witlc anexidatiean-yeductidrecgiedystnt i nventi on provi des:
The present invention provides:
(1) An apparatus for producing water containing dissolved ozone which
comprises (A) a piping for supplying ultrapure water through which
ultrapure water is supplied, (B) a catalytic reaction portion which is
connected with the piping for supplying ultrapure water and in which the
ultrapure water is brought into contact with an oxidation-reduction -
catalyst, (C) a filtration apparatus by which the ultrapure water treated in
the catalytic reaction portion is filtered and (D) an apparatus for dissolving
ozone in which ozone is dissolved into the ultrapure water discharged from
the filtration apparatus; and
(2)- An apparatus for producing water containing dissolved ozone which
comprises an apparatus for producing ultrapure water which is equipped
with an apparatus for irradiating with ultraviolet light, an apparatus for
dissolving ozone in which ozone is dissolved into the ultrapure water
produced in the apparatus for producing ultrapure water and a catalytic
reaction porfion which is packed with an oxidation-reduction catalyst and
disposed between the apparatus for irradiating with ultraviolet light and

the apparatus for dissolving ozone.



(1) An apparatus for produci ng water containing dissolved ozone which
conprises (A) a piping for supplying ultrapure water throygloMbiesPoo3
ultrapure water is supplied, (B) a catalytic reaction portion which is
connected with the piping for supplying ultrapure water and in which the
ultrapure water is brought into contact with an oxidation-reduction
catalyst, (C a filtration apparatus by which the ultrapure water treated
in the catalytic reaction portion is filtered and (D) an apparatus for

di ssol ving ozgne in which ozone is dissolved into the ultrapure water

di schar ged fré‘g\e Phenpmenas o8 obhey hasisitafs theeresent Anvantignarall ber

produci ng wat.er, cont.ai ni di ss ed ozone whi ch. caonprises an apparatus
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di ssol ving ozone. 5 15 Cctober 2003 ‘The phenonena as asi s of the

present dinseledoth Wdtkr RBowdes grédeatenof ffodtahbous AgecoMPESLIM §hd
cont ai ni ng di ssol ved ozone is produced by dissolving ozone into ultrapure

wat er pr tlkicencentration afpacas wapidly decesisebngAl theaRisu® vbsridiegsghpped Wit h
an apparatus for irradiating with ultraviolet light, it occurs
occasi onth¢ gatbmof tknpheniiresndned was dowed thhtdke aatey ofispoatamaoiis
spont anequs deconposition and the concentration of ozone rapidly
decr easegecospesibionafgzong inereaseswhen the manewntsef witranpket pightarsedon, it
was foung tqlat, t he rate of Spcﬂlt aneous . . .
or the irradiation 1s more than necessary. When ultraviolet light is used
in an amount more than necessary for decomposing organic carbons (TOC),
ultraviolet light works on water molecules in addition to TOC to be
decomposed and OH radical and H radical are formed. Although these
radicals form the water molecule by recombination, it is estimated that
radical substances continue to be present for a while as intermediates for
the recombination and promote the decomposition of ozone.

In the production of ultrapure water, target values are set as the
quality of ultrapure water to be produced and, in general, TOC is included
as one of the target values. When fluctuation in the concentration of
organic substance residual in the primary pure water is considered, it is
advantageous for the process control that the amount of ultraviolet light
used for the irradiation is set at an excessive amount so that the target
value of TOC can be achieved even when the concentration of TOC has the
maximum value in the estimated range of fluctuation. Irradiation with

ultraviolet light in an excessive amount may be prevented by adjusting the

amount of ultraviolet light used for the irradiation in accordance with the



- deconposition of ozone increases when the anount of ultraviolet |ight used
for the irradiation is nore than necessary. Wen ul travi olgtodidthibohs used
in an anobunt nore than necessary for deconposing organic carbons (TOO,
ultraviolet Iight works on water nolecules in addition to TOC to be
deconposed and OH radical and H radical are forned. Although these

radicals formthe water nol ecule by reconbination, it is estimted that

radi cal substances continue to be present for a while as internediates for
t he recopbi nation _and pronote the deconposition of ozone. In the production
of ul t r aBufisIakiae in T@Egé‘% the| primayeryes veaterheHogexert yhere 18 thepure

water to be.produced and, in.general, TOC is included as one of the target’
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Oct ober 2003 fluctuation in TOC in the prinmary pure water. However, there

is the @oshidied alwayhdd ahhacéaivé abi@mtanthahTPCaaaHs pronbippukecone
conplicated. Wen water obtained. after irradiation with ultraviolet |ight
i s brougwhtémtan ko msudfitientlyhdecoroposddt bnd- stedilityi of vesteal oositairdhpgg t he
apparatus_of the present invention, the deconposition of ozone dissolved
‘in wat erdisaslved ozomgpeen dued impireved ovishowheajor axhiaangieoin whe hexibtingvi ol et
light can be conducted always in an excessive anmount_so that TOC in the
primary peperatus for producing water containing dissolved ozone.  The

mechanism of the improvement in stability of water containing dissolved

ozone by the apparatus of the present invention is not fully elucidated. It

is considered that the OH radical and the H radical generated in the water

by irradiation with ultraviolet light in an excess amount and radical

substances present as intermediates in recombination of these radicals to

form the water molecule are rapidly converted into the water molecule by

the contact with the oxidation-reduction catalyst and disappear.

RI E IPTION N
Figure 1 shows a flow diagram of an apparatus for supplying water
containing dissolved ozone which transports the water containing
dissolved ozone in the condition of a gas-liquid mixture. Figure 2 shows a
flow diagram of an embodiment of the system for producing ultrapure
water. Figure 3 shows a flow diagram of an embodiment of the apparatus
of the present invention. Figure 4 shows a flow diagram of an

embodiment of (A) the piping for supplying ultrapure water of the



wat er can be sufficiently deconposed and stability of water containing

di ssol ved ozone can be inproved w thout najor change in tRg @bisdriongs
apparatus for produci ng water containing dissolved ozone. The nechani sm of
the inprovenent in stability of water containing dissolved ozone by the
apparatus of the present invention is not fully elucidated. It is
considered that the OH radical and the H radical generated in the water by
irradiation with ultraviolet light in an excess anmount and radi cal
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ultrapure water. Figure 3 shows a Tl ow di agram an e of the

appar at usnveéftidhle pFeseRt $@YeahdoFighrdUDEh)? sHRWS flawl | @WedhAGr agp of an
enbodi ment of (A) the piping for supplying ultrapure water of the 15

Cct ober 2fddameatatfitheodppdratps ef thd preveadinesntidi gukdscldaaadal§tzhow fl ow
di agranms of enbodinents of (B) the catalytic reaction portion of the
appar at useaftiarh poriier sewd a ifiltrenidroapp Fragus ese dispased s oubdytstwmdi @fgr ans  of
enbodi nents of (D) the apparatus for dissolving ozone of the apparatus of
the presthe appavatns fon predyging wirapuse avateyur The psymkerswarfd the misalr ams of
enbodi nent s, of .t he apparatus of th resent invention in which a catalytic
réact i on'p&he g Ve MepAREDHAS sthid eontamerRfexygsn samey 8t ems  of

t he apparatus for .produci ng ultrapure water. The nunbers and the_ mark
PP container ofpm%rogen %as; t3: EE’n ozone generator; 2: an apparatus for

dissolving ozone; 5: a piping for transporting a gas-liquid mixed fluid; 6: a
branched pipe; 7: a point of use; 8: a gas-liquid separator; 9 and 10:
apparatuses for decomposing ozone; 11: a pretreatment system; 12: a
primary pure water system; 13: a subsystem; 14: a plant for producing
semiconductors; 15: a recovery system; 16: a coagulation apparatus; 17: a
double layer filtration apparatus; 18: a reverse osmosis apparatus; 19: a
degassing apparatus; 20: an ion exchange apparatus; 21: an apparatus for
irradiating with ultraviolet light; 22: an ion exchange apparatus of the
mixed bed type; 23: an ultrafiltration apparatus; 24: an active carbon
adsorption apparatus; 25: an ion exchange apparatus; 26: an apparatus for
irradiating with ultraviclet light; 27: a pump for transporting ultrapure
water; 28: a piping for supplying ultrapure water; 29: a catalytic reaction
portion; 30: a filtration apparatus; 31: an apparatus for dissolving ozone;
32: an ozone generator; 33: a gas-liquid separator; 34: a tank of a chemical
agent; 35: a pump for a chemical agent; 36: a measuring instrument; 37: a

tank of ultrapure water; 38: a piping for recycling ultrapure water; 39: a



in the Figures have neanings as follows: 1: a container of oxygen gas; 2: a
contai ner of nitrogen gas; 3: an ozone generator; 4: an appaiaibes 2008

di ssol ving ozone; 5: a piping for transporting a gas-liquid m xed fluid; 6:
a branched pipe; 7: a point of use; 8. a gas-liquid separator; 9 and 10:
apparatuses for deconposi ng ozone; 11: a pretreatnent system 12: a
primary pure water system 13: a subsystem 14: a plant for producing

sem conductors; 15: a recovery system 16: a coagul ation apparatus; 17: a
doubl e layer filtration apparatus; 18: a reverse osnosis apparatus; 19: a
degassi ngtappsirRarsing palladiumi 4k choagonapychangesresin; 4dn apparianus f or
irradiating with uLtravioI;ﬁ |ight; 22: an ion exchange apparatus of the
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adsor ptign apparatus, 25:.. an.ion exchange appasatus; .26: an apparatus for
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52 an OZORSORIGEALY! o 555 tPaddfidsid b RBRALA! £ 2 Soafid B8k, Bhs®

chemi cal ~agent; 35: a ptnp tor a chenical agerit; 3b6: ‘a neasurimg

i nst r uneptansddissn bRk Rind! 49: 3PN R SE-reB&ctich Qb@élﬁ}gt;fe%c} rRcYh! 1 ng
ultrapure water; 39: a 8 15 Cctober 2003 resin supporting palladium 40: a
cation eapﬁ@fmsrfeﬁbmdlﬁh afltrapued wa¥shange resin; 42: a colum packed
with a resin supporting paFI adium 43: a columm of a m xed bed; 44: an
ejector; 45: an in-line mxer; 46: a portion for pronoting dissolution of
ozone and grow h of bubbles by conbination; 47: a gas transni ssion

) i8- MOBGHUPREGERRHEAE EMBOIHMMENID T ARRY 4OUB

eduction catalyst; and A: an apparatus for producing ultrapure

oxi dation-r
wat er .

The most preferred embodiment of the apparatus for producing
water containing dissolved ozone comprises (A) a piping for supplying
ultrapure water through which ultrapure water is supplied, (B) a catalytic
reaction portion which is connected with the piping for supplying ultrapure
water and in which the ultrapure water is brought into contact with an
oxidation-reduction catalyst, (C) a filtration apparatus by which the
ultrapure water treated in the catalytic reaction portion is filtered and (D)
an apparatus for dissolving ozone in which ozone is dissolved into the
ultrapure water discharged from the filtration apparatus.

Ultrapure water supplied to the apparatus for dissolving ozone is, as
is well known, produced by an apparatus for producing ultrapure water
constituted with various separation apparatuses arranged in a suitable
order. Figure 2 shows a flow diagram of an embodiment of the system for
producing ultrapure water. In this system, ultrapure water produced by
passing through a pretreatment system 11, a primary pure water system

12 and a subsystem 13 is used in a plant for producing semiconductors 14



THE MOST PREFERRED EMBODI MENT TO CARRY OUT THE | NVENTI ON The nost
preferred enbodi nent of the apparatus for producing watern5e0bsd:Boos

di ssol ved ozone conprises (A) a piping for supplying ultrapure water

t hrough which ultrapure water is supplied, (B) a catalytic reaction
portion which is connected with the piping for supplying ultrapure water
and in which the ultrapure water is brought into contact with an

oxi dati on-reduction catalyst, (C) a filtration apparatus by which the
ultrapure water treated in the catalytic reaction portion is filtered and
(D) an apparedativelyoelear skastei Wgt@zog@inﬁdv&ft@hth@me isstwisablbyed i nto the
ul trapure water discharged fromthe filtration apparatus. U trapure water
suppl | edT8OVERE SEHERE AP @tk xpcyeled 6 thE RFLBABY: PUre Waler sygtembl | known,

produced by ap,apparatus for producing ultrapure,water _constituted with
various separ g‘ﬁeorprﬁgrﬁﬁiﬁ'teﬁ‘gey%e%nb%oai pystery; fogpreughlyyglemeviggr e 2

h I dj f I f f duci

ol 11 apur SRRl BB, SR b e Gabts b dais P e ng

h h | 12
subsy <t et Rals, S popa b RhY BHERIARYT auld ShEaen 15° °
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treated by a recovery system 15 and recycled to the pri-mary pure water

system Bigogicsl I ead4tRidntsy ShaBbiptich S¥pharafudes’ ouah! Yok eradhAG geSUSpended
substances and di ssol ved substances frommaterial water. Unit apparatuses
such as apparstiiseearboguitadgutsdd on thrdsytpar. atinothe skbidni aliovn in

appar atuses, nenbrane filtration apparatuses, apparatuses for biol ogical
ot reat nenFiguradyr pt coagudppianatppesatarsd liGomnex chaluyble layer filtration
apparatus 17 are disposed. |
The primary pure water system is a system mainly for removing
dissolved salts from water treated by the pretreatment system. Typical
examples of the desalting apparatus for removing salts in water include
ion exchange apparatuses for producing pure water such as a two-bed
three-column apparatus for producing pure water, a four-bed five-column
apparatus for producing pure water, a mixed bed apparafus for producing
pure water and continuous desalting apparatus of the electric regeneration
type; and reverse osmosis desalting apparatuses such as a reverse osmosis
membrane, a two-stage reverse osmosis membrane and a three-stage
reverse osmosis membrane. As a degassing apparatus for removing
dissolved gases, a decarboriatioﬁ apparatus for removing carbon dioxide
and a deoxidation apparatus for removing dissolved oxygen gas (DO) are
disposed. As the degassing apparatus, a heat degassing apparatus, a
vacuum degassing apparatus, a membrane degassing apparatus or a
catalytic degassing apparatus is used. A apparatus for irradiating with

ultraviolet light may be occasionally disposed for sterilization or for
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apparatuses are suitably used in the system In the systemshown in Figure
2, a coagul ation apparatus 16 and a double layer filtratiqgodsiarabss 17
are di sposed. The primary pure water systemis a systemnmainly for renoving
di ssolved salts fromwater treated by the pretreatnent system Typi cal
exanpl es of the desalting apparatus for renoving salts in water include

I on exchange apparatuses for producing pure water such as a two-bed

t hree- col unm apparatus for producing pure water, a four-bed five-col um
appar at ua for pr.oduci ng pure water, a mxed bed a(gﬁar atus for producing
pure wat EeCORBOTHAN; of B PoTeB AlrggniphsianeeofTOR by exidations edener ati on
type; angd reverse osnosi §.,.desalting apparatuses such as_a reverse 0snosis

menbr ane th& SYSEEIL $HQRE 1B FIZUER 4By SeoiBOsIfARRAT AT Aok J6EABUNEr ever se
[ . d ' t f DVi di | ved ,
Gocar bonaPPBrAS A S BRHR Scheo BN BP0 A I Bl ol WBPOR & deoxi daton |
t f ' ' | ' d. As th
Goasei ng appiPErTibkhbeih 308 EE T AACE SBBobEHy AL wilEPATEm IR "¢

appar at Ughiéh 'eBRIBNCs 4189 a@@'@f:gﬁg@ pﬁé&iéf%s % misﬁgtﬁe'sy%ﬁc rtgggg]%@g}g

apparatus is used. An apparatus for irradiating W i ght may
be occasiémabéd sgithROIBE Fullit§io? theiwalerq8 faFtH@ ik obed Pedab8lat2R03

deconposition of a portion of organic substances (TOC) by oxidation. In

t he systamtehobtninsd RngiheepAmatyrever ¥atassnsbm apdailatapurd Svagerdgoassi ng
apparatus 19 and an ion exchange apparatus 20 are di sposed. The subsystem

i s a systetained! el éhe eubsydsiemn, pur gppmtacnus Spsireadiating withctltyeaibthital salts,
TOC, fine particles and m crobes are thoroughly renoved so that the
‘qual ity b'gﬁt e dggperpass TQL heroxidation.ean fioonexdhamgefapparatus and a
membrane separation apparatus such as a microfiltration membrane
apparatus (MF), an ultrafiltration membrane apparatus (UF) and a
reverse osmosis membrane apparatus (RO) are disposed. In the system
shown in Figure 2, an apparatus for irradiating with ultraviolet light 21,
an ion exchange apparatus of the mixed bed type 22 and an ultrafiltration
apparatus 23 are disposed.

Into the ultrapul_'e water produced in the subsystem, ozone is
dissolved and, where necessary, suitable gasses are dissolved and suitable
chemical agents are added. The produced water is used, for example, for
washing electronic materials at points of use in a plant for producing
semiconductors 14. In the recovery system, contaminating substances
and chemical agents are removed from the washing water used at and
discharged from the points of ﬁse and the treated water is recycled to the
primary pure water system. In the system shown in Figure 2, an active
carbon adsorption apparatus 24, an ion exchange apparatus 25 and an

apparatus for irradiating with wultraviolet light 26 are disposed.
Hydrogen peroxide or the like agent may be occasionally added for

11



water obtained in the primary pure water systemand ultrapure water is
obtai ned. In the subsystem an apparatus for irradiating wstdethbdrzeiol et

| ight to deconpose TOC by oxidation, an ion exchange apparatus and a

menbr ane separation apparatus such as a mcrofiltrati on nmenbrane apparatus
(MF), an ultrafiltration nenbrane apparatus (UF) and a reverse osnosis
menbr ane apparatus (RO are disposed. In the system shown in Figure 2, an
apparatus for irradiating with ultraviolet light 21, an ion exchange
apparatus of the m xed bed type 22 and an ultrafiltration apparatus 23 are
di spos edprqrﬁ%ngr@ecamwm% oeﬁ/athérdlﬁﬁtdaa@@@bstanq@s bsubsidetion mwibee is

di ssol ved and,, where. necessary, abl e ga s are_ dissol ved and suitable
cheni cal 2RBRHYS, H‘Jﬁ@’d" émﬁﬁo‘d E%Holﬁ‘gt ggﬁFs usk8, washing syafee, for

h f f d
sem conddtbdh v naegish % i, mFHEL S B S cHeHRPALt] Ao s ié%gﬁc' :gnd d
hem cal t
From t ne"pant ey ﬁ‘&%@%ﬁ%g%’%eﬁf% AR ‘?138@ Flg%e The primary
pure water Syg mp&ﬁlzlgq PhEM rﬂaﬂlfﬂlﬂ 'uilgg géﬂ NEnt §aEPON

adsor pti on apparatus on exchange appa apparatus for

i rradi at gdyHwdtidl thd ﬁlaprit@é high18avRie; HoRPOP r xi de or
the |i ke agent rtr;gay be occaS|I(1)na1I |y adged forgr 11 ?g}cc?crtt%%edr&g 6%%%)?0@“ ng

deconposbyi oxideftidnh &rdisssrdlivetion UGSt b esontdbhceed. datTn dgpairBfus afppar at us
for irradiating wwth ultraviolet light . The washing water which was not
used in hirediading svith ubeavivletetighk ehatyootdasicnitiby Heedispase@onn thay furt her
treatments or after renoval of dissolved gases. By disposing the apparatus
“for i rraptimanyg puireh wdter aspisbémt butghn amainy cases, is disposed in the

subsystem. By irradiation of pure water with ultraviolet light, TOC is
decomposed into carbon dioxide gas or organic acids of low molecular
weights and can be removed by adsorption with an anion exchange resin.
Figure 3 shows a flow diagram of an embodiment of the apparatus
of the present invention. In this embodiment, the ultrapure water
produced in an apparatus for producing ultrapure water A is supplied to a
piping for supplying ultrapure Water 28 by a pump for transporting
ultrapure water 27. The pump for transporting ultrapure water is not
particularly limited. Examples of the pump for transporting ultrapure
water include a piston pump, a plunger pump, a booster pump, a tux;bine
pump and a volute pump. Among these pumps, the booster pump is
preferable. For practical operation of the apparatus for producing water
containing dissolved ozone, it is important that a suitable pressure is
applied to the ultrapure water. When a gas containing ozone is
introduced into the piping for transporting ultrapure water using an
ejector, it is particularly necessary that the pressure of the supplied water

be kept high. When the ultrapure water supplied to the apparatus has a
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conducting the irradiation with ultraviolet Iight, TOC can be deconposed
by oxidation or sterilization can be conducted. The appar aItSL@ct%EHrZOO
irradiating with ultraviolet |ight nmay occasionally be disposed in the
primary pure water systembut, in many cases, is disposed in the
subsystem By irradiation of pure water with ultraviolet light, TOCis
deconposed i nto carbon di oxi de gas or organic acids of |ow nol ecul ar

wei ghts and can be renoved by adsorption with an ani on exchange resin.
Figure 3 shows a flow diagram of an enbodj nent of the apparatus of the
present PRGenEr. high ¢ Aressando@nye Marticuiary reeanrurior winaeasipgodbeed in an

apparatus for pr.oducing ultrapyre water Ais supplied to a _piping for
suppl yi ngTESE 8 P hREErs 3y - b;i-i%.wﬁ‘fﬁﬁ) Spfe &%ﬂ%ﬁ%ﬁﬁ /Y thﬁl‘%lgmé wat er

27. Th f . ti | tr. t. | $.not ticularly limted.
Exampl os "ot RUPBHRS B BRe ppRAcHR g aniadhie higk i rRhe paRss. i ston

: : . o] nd I :
Among ¢ nEEERRTIcRHR o ARRORL BealitlRrind dIMARhRE sy BT A hBed Btb® o por Bt on

of the anpetaifithd Apihafe I BOMA the HEOLAILNIL RPANG QRARF ol ! 1

| nportant that a suit e pressure 1s” applie ot pure water. Wen

a gas CORi@eRbdll ORONEphsferdBib! QHHCAEL HREQub-Be i Qﬁpfrzlﬁ’éd bt Lting
ultrapure water using an ejector, it is particularly hecessary that the

pr essur ewaitet RO SURPd 5edPaat er be kept high. Wen the ultrapure water
supplied to the apparatus has a 12 15 Oct ober 2003 sufficiently high

pressure, anyIpahki sppantaeafishé presentrieasntign} tiee piyiagsor supplyiot
necessary. However, since the pressure of the ultrapure water supplied to
"t he appabdirapure wader 28fisiconsatteyd thigtatalyiansactasesortion 28 in wlsichr abl e
that a punp for transporting ultrapure water is disposed at the
~ ultrapure water is brought into contact with an oxidation-reduction

catalyst. The oxidation-reduction catalyst used in the present invention

is not particularly limited. Examples of the oxidation-reduction catalyst

include platinum catalysts, silver catalysts and palladium catalysts.

Among these catalysts, the palladium catalysts are preferably used. As

the palladium catalyst, palladium metal, palladium oxides, pailadium

hydrides and catalysts obtained by supporting palladium on a support

such as an ion exchange resin, alumina, active carbon and zeolite can be

used. The form of the palladium catalyst is not particularly limited and

the palladium catalyst in any form such as powder, granules and pellets

can be used. When the catalyst is in the form of powder, a reactor may be

used and the catalyst may be added into the reactor in a suitable amount.

Alternatively, a reaction column may be used and the catalyst may be

packed into the reaction column to form a fluidized bed through which

water is passed. When the catalyst is in the form of granules or pellets, a

reaction column may be packed with the catalyst to form a catalyst-packed

column and water can be treated by continuously passing through the
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inlet of the apparatus so that the pressure of the ultrapure water is
increased. It is preferable that the pressure of the supphiestiddet ba@iir €
water is 0.2 to 0.5 MPa. In the apparatus of the present invention, the
‘piping for supplying ultrapure water 28 is connected to a catalytic
reaction portion 29 in which ultrapure water is brought into contact with
an oxi dation-reduction catalyst. The oxidation-reduction catalyst used in
the present invention is not particularly Iimted. Exanples of the

oxi dation-reduction catalyst include platinumcatalysts, silver catalysts
and pal | edrmn-catae gatalyst-pagked edhamm wapreforabde sinne thel daddlysindoas al yst s

are pref eraﬁl y used}.'a As._ . tl_he _gal | adi ym cat al yst, palladi um netal,
pal | adi uRet Bovqux, the peladiligwid soparafen wactchecassansandthe eperafjor upporti ng

pal | adi urﬁofon. ﬁ’F‘?u port such as an ion exchange resin, alum na, active
carbon afdSHBAI¥E can be used. The form of the palladium catalyst is not

powder . or anuP e v B fEN B BERARE i katay b CRbar BN T e form
f d al [ h
eactor {aned By sRopORing RIS R, FIfRHR 1€ KPR pRERIRIRINE, O "Csea

and t he gal b3t B aP8 diRRERHok Pt Bke g&gﬁ&:{}:@e 09%61 By bREMEA

fluidized bed through which water 1s passed. en the catdlyst®is in the

form of Ahditf €ise 8apPEite ipalladliufitasialPits C OhpHatERhallR dPaekestalydth t he
catalyst to forma catal yst-packed colum and water can be treated by

cont i nuostsiayned bgisugpobting glallaldéuthdond anfor eleiandO0Rstied adprefBfable
catal yst-packed colum is preferable since the catalyst does not flow out,

“the sol isinke qn exselpentatiiect isexbibiteek estiary saradl bhewpeshtupported
factli talt):f[?édium. A resin supporting palladium, i.e., an anion exchange resin
supporting palladium, can be prepared by packing a reaction column with
the anion exchange resin, followed by passing an acidic solution of
palladium chloride through the column. A resin supporting palladium
metal can be prepared by adding a reducing agent such as formaline to the
above reaction column and reducing the palladium compound. By
bringing ultrapure water into contact with the oxidation-reduction catalyst
at the catalytic reaction portion, substances contained in very small
amounts in the ultrapure water and promoting decomposition of ozone can
be removed. Examples of the substances contained in very small amounts
and promoting decomposition of ozone include OH radical and H radical
which are generated by decomposition of water in the apparatus for
irradiating with ultraviolet light of the apparatus for producing ultrapure
water.
In the apparatus of the present invention, the resin supporting

palladium and an ion exchange resin can be used in combination in the

column for packing with the catalyst. The manner of the combination of
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When a supported palladiumcatalyst is used, i.e., when a catalyst

obt ai ned by supporting palladiumon a support is used, it 1'550&6@}98@@ e
that the anmount of palladi um supported on the support is 0.1 to 10% by
wei ght. Anmong t he supported pall adi um catal ysts, supported pall adi um
catal ysts obtained by supporting palladi umon ani on exchange resins are
preferable since an excellent effect is exhibited wth a small anount of
supported palladium A resin supporting palladium i.e., an anion exchange
resin supporting palladium can be prepared by packing a reaction colum
wi th t htheariesin e geillnditol |2owkdthsy ipassekchprge aesih cissalotit i on of
pal | adi um chl oride through the colum. A resin supporting palladium netal
can be pPayirdariylimifednqg Eorexamplaga sghmndor pagkingowithl theecatalyste above

ti I ICI t he .pal | adi um, d. By. bringi | t
vt or | nEBICPARIR § FEAPNRUHES O CHoELE SORDOREES polladRm et aat al yii ¢
urt v apur @i SRR RABOE Bk Sialo of i€ BeeiB Romeor iR HladifiBycq.
Ex I : taiped i | | 2] d ti
deconpost eraR oy SIERE R AR ARltn fuitSnke WL af R B G B TR

gener at C Lid on Nt }@&Qa ]F%]f Liradiating with
ul travi g%en? l\ﬁaﬁghﬁ ff(;ﬁg §§tﬂ%éé a‘ég%rr\g?&l?%ydr app(gl uci ng% ravgﬁ:Pe 1i‘é\/a es_rqf.1 In the
appar at Usuortfify PhR&ERAm | HMEAdoPmn PEcl&D Witls YPRRII BYchpddd adiim and an
I on exchande resinh can be used in conbination in the colum for packing

Wi th thecgrabal stsinectdieinrgsries iaf tHid ordenhi oaluen ickdd *RhQHOBn2003 the
resin supporting palladiumand the ion exchange resin is not particularly

| i m t ed. sigaporeitenphidadiane,od cobuniw papkekivith wichbionhexchahgé ysin and a

column packed with an anion exchange resin can be connected in series in
this order or a column packed with the resin supporting palladium and a
column having a mixed bed of a cation exchange resin and an anion
exchange resin can be connected in series in this order. By using a
‘combination of the resin supporting palladium and an ion exchange resin,
palladium ion can be captured with the ion exchange resin even when an
extremely small amount of palladium ion is eluted from the resin
supporting palladium. Moreover, ion components eluted from the pump
for transporting ultrapure water can be captured with the ion exchange
resin even when such ion components are eluted. Therefore, the
ultrapure water can be kept at a high purity.

In the apparatus of the present invention, the ultrapure water
treated in the catalyst reaction portion is filtered by a filtration -apparatus
30. The filtration membrane used for the filtration apparatus is not
particularly limited. Examples of the filtration membrane include an
ultrafiltration membrane (UF), a microfiltration membrane (MF) and a

reverse osmosis membrane (RO). By filtering the ultrapure water by the
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may be packed with a conbination of the resin supporting palladiumand a
cation exchange resin or a conbination of the resin supporicigogerbbasli um
a cation exchange resin and an ani on exchange resin as a mxture or as a

| am nate of layers. Alternatively, a colum packed with the resin
supporting palladiumand a colum packed with a cation exchange resin can
be connected in series in this order, a colum packed with the resin
supporting palladium a columm packed with a cation exchange resin and a
colum packed with an ani on exchange resin can be connected in series in
this or deHrabion appagains dedcepritoles derdved &iom she powep Sy anspartimg and a
colum haying a m xed ped of a cation exchange resin and an anion exchange
resin caﬁﬁﬁ E%W@E?reag? ReBgSupporing ﬂ??ﬁagi‘b‘gr thesgation ggehange®asimat i on of

th [ t.1 | | adi ur d ' h [ | | adi [
Lhe f oot BT RRSLORRRLLACLAM 20 a0 b O S ShARE R e pBBLLACH UM o1
anount of)e ;@g.hk ggl&t}?ﬁ}elﬁ{hsﬂ eluted fromthe resin supporting palladium

Mor eover, conp f'uted fromthe punp for transporting ultrapure

vater can be raphlathathidl bheht PefhiN MRt Y Ba (BRLARHE Wohe ! ON

conponents are eluted. Therefore, ultrapure ter c kep‘ta at a

hi gh purgéerakéd tHe aaPRabRE UserRiratdie 301 &5 eRipplideBd | 4D, affiabhd rgpur e wat er
treated Iin the catal yst reaction portion is Plltered by a filtration

appar at ugissdl¥ing keohé 131r aid epore idrrelvieded Ther apherafinb fomtliseplvaagar atus is
not particularly limted. Exanples of the filtration nenbrane include an
ul trafil ozcate ds mebbpartécylafly, lamitiedr of Exangilesnofretier axppaibfys afod a
reverse osnmosi s nmenbrane éRO) . By filtering the ultrapure water by the 15
15 Cct obdissolyisg fozbne am¢lude sppadaie sf afgascirpasmisiion menbyane fwlooht he punp
for tr anisspgaratdleno% fluororesin and resistant to ozone, an ejector, an apparatus for
sucking a gas containing ozone such as a pump for dissolving a gas and a
bubbling apparatus. Among these apparatuses, the ejector is preferable
due to easiness of the operation. Dissolution of ozone can be promoted by
disposing an inline mixer at the downstream of the ejector so that fine
bubbles are formed. When the ejector or the apparatus for dissolving a
gas is used as the apparatus for dissolving ozone, the condition of a gas-
liquid mixture is formed with water containing dissolved ozone and a gas
containing ozone. Water containing dissolved ozone and containing no
bubbles can be obtained by disposing a gas-liquid separator 33 at the
downstream and separating an excessive amount of the gas. By inserting
a suitable volume between the apparatus for dissolving ozone and the
apparatus for gas-liquid separation so that the time of passage of water is
increased, dissolution of ozone can be promoted and growth of fine bubbles
by combination is also promoted to facilitate the gas-liquid separation.

However, when the apparatus for dissolving ozone and the point of use are

separated from each other by a long distance, it is preferable that the gas
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ultrapure water, the resin supporting palladium the cation exchange resin
and the ani on exchange resin can be renoved and the ultrapur@s¥edrohogan be
kept at a high purity. In the apparatus of the present invention, a gas
contai ning ozone generated in an ozone generator 32 is supplied to an
apparatus for dissolving ozone 31 and ozone is dissolved. The apparatus
for dissolving ozone is not particularly limted. Exanples of the
apparatus for dissolving ozone include a nodule of a gas transm ssion
menbrane which is made of fluororesin and resistant to ozone, an ejector,
an appar andghediquidiariei tmgnsparded famthei lengglistemce inube enditipnof ther

di ssolving @ gas and a bubbling' apparatus. Anong these apparatuses, the

ej ect or £a5HOAMG mtare apd the gasiligedd separation pecorduetedRtseplace on of
ozone can be pronoted b di sppsin n inline mxer at the downstream of

t he ej ect'9r® §8 RO} rﬁ% “Sﬁub@?’@ss a?%%@?ﬁ%lﬁlﬂ% ofjazengrtakest he

appar at us, f or . di ssol vi Q{i as i used as the appar th f or..di ssol vi ng

* Rl Boit R0 Gt sy el B RRPralarl 5 e alone Riskancs
T A A e A B B
di ssol veg ozo%e ang COI’]?E} Al ngm%og@%ﬁ[ﬂ%q es can %Oen o%%kgﬁ ne B%mai‘"é osing a
gas-| i qU?ﬂdsﬁﬁagg&ﬂfan%%uétdé&}ﬁldm‘%%&?FJfSﬁE‘g@“&l %ﬁ@iﬁe@ééd‘.g 'P%I%fe?f&eess' ve

anount of the g By inserting a suit VO et ween the appar at us

for di ssghyi chiperttanf hethaPPMALMs 6 (8RS -JddsOlii§ids epM@rk0NsSO t hat
the tinme of passage of water is increased, dissolution of ozone can be

pr onot edadvnanigigewiil ghcd ithe dutbodsl abouveRndd 68drc0is bappleReiedTdied to
facilitate the gas-liquid separation. However, when tﬁe apparatus for

" di ssol vi ozpmzdiseckred inhetlmivatenfrons theagas phagar at ed from each other by a
| ong distance, it is preferable that the gas 16 15 October 2003
The ozone generator used in the apparatus of the present invention
1s not particularly limited. ¥Examples of the ozone generator include an
apparatus for generating a mixed gas of ozone and oxygen gas by
electrolysis of water and an apparatus for generating a mixed gas of ozone
and oxygen gas by silent discharge or creeping discharge using oxygen gas
as the material. For obtaining a high purity water containing dissolved
ozone, it is preferable that a filter for capturing fine particles in the gas
containing ozone is disposed between the ozone generator and the
apparatus for dissolving ozone.
In the apparatus of the present invention, a tank of a chemical agent
34 and a pump for a chemical agent 35 are disposed. An inlet for a
chemical agent is disposed at the upstream or the downstream of the
filtration apparatus and a chemical agent such as an acid and an alkali can
be introduced. The chemical agent may also be introduced under
pressure with a inert gas such as nitrogen gas in place of introduction by

the pump for a chemical agent. The decomposition of dissolved ozone can

be suppressed by decreasing pH by introduction of an acid. From the
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and the liquid are transported for the long distance in the condition of
the gas-liquid mxture and the gas-liquid separation is QgRthisdcpg0Gd a
pl ace- close to the point of use. The spontaneous deconposition of ozone
takes place in sone extent during the transportation for the |ong distance
al t hough substances pronoting deconposition of ozone have been renoved and
t he spont aneous deconposition of ozone is suppressed. Therefore, the
transportation in the condition of the gas-liquid m xture is advantageous
since the decreased amgunt, of ozone is suppl enented by . ozone di ssol ved

i nto t heSiARdPOIRt ¢h MpantgIhdbe capeendyaien (ein dissobred, 9eane.n it He

apparatus of the present .invention, is .not particulacly |imted. Exanples
of the oEB?ggrfblgﬁea}ﬁ 3F14 i ngtredyped &sptheatipstregm ok theaappratugi 8d gas of
ozone ang. oxygen gas bywel ectrol ysis of ter and an apparatus for

gener atiﬁquBKﬂPge%oggs 3o 8%8“1%3#%8&% © gag ey 2 Q?Bﬁ gﬁ@ﬁ?ﬁ‘é{?ée or
creepi ng_ di.sc g | y . ial .. Fo t ajynkng a high
purity wa eI?e El%ht g? ﬂ%ﬂl&ggsgﬁ}ggﬁ&%ﬁé}@ﬁmé&%rde %Pgbéfegphg a filter

for capt phhpghbkNer RAE! bELAS inRldde alA®nis oM@ féitfaglngso SpdmofiviRosed

bet ween the ozone generator and the apparatus for ving ozone. In the

appar at Upy@fokide. PTREEEFdndeRYRIHIODE EHssAbEd Wzone CREN 1A oo BN twatd4 and a
punp for a chem cal agent 35 are disposed. An inlet for a chem cal agent

i's di sposgtadhiighéisyplsed @aone prodecadon skirgatheodpp eituf bf th@praenappar at us
and a chem cal agent such as an acid and an al kal1 can be introduced. The
cheni cal imgartiormayn dlesmehsutett by dunedswriderinsipruasentr 86 didpdvsad iinght gas such
as nitrogen gas in place of introduction by the punp for a chem cal agent.
"The decopposgt i chhefquilsiyolof ddeo ster ccomtabdng ugdisselyeddopynaleanchei ng pH by
i ntroduction of an acid.. Fromthe 17 o : )

controlled by adjusting the amount of the gas containing ozone supplied to

the ultrapure water and the amount of the introduced chemical agents

based on the concentration of dissolved ozone and pH obtained by the

measurement. In the apparatus of the present invention, it is preferable

that portions contacting lhiquids and portions contacting gases of the

apparatus for dissolving ozone and the apparatuses at the downstream are

constituted with a material resistant to ozone. Examples of the material

resistant to ozone include fluororesins, quartz and metals having the

surface in the passive state.

Figure 4 shows a flow diagram of an embodiment of (A) the piping

for supplying ultrapure water of the apparatus of the present invention.

In the present embodiment, a tank of ultrapure water 37 is disposed. A

piping for supplying ultrapure water 28 is branched and a piping for

recycling ultrapure water 38 is disposed. By recycling ultrapure water to

the tank of ultrapure water through the disposed piping for recycling of

ultrapure water, a pump for supplying ultrapure water 27 can be operated

in a constant condition independently of the used amount of ultrapure

18



15 Cctober 2003 standpoint of maintaining the concentration of dissolved
ozone, it is preferable the acid is introduced at the upsgrsassbobhe
apparatus for dissolving ozone. The cleaning effect of the water
cont ai ni ng di ssolved o0zone can be enhanced by increasing pH by
introduction of an alkali. Exanples of the alkali include ammonia and

t et ranet hyl ammoni um hydr oxi de. The concentration of dissolved ozone and pH
of the water containing dissolved ozone produced by using the apparatus of
the present invention can be neasured by a neasuring instrunent 36

di sposedwifier- helhesefineg theHereganard of the sunwligs: vltrepnrarivdtey adinsbel ved
ozone ¢ be controlled by adjustjng the ampunt of the gas contai ning
ozone sag?:ﬂ”? enstant eyen Whensthe wsaget@ounh 9f uHaanpsrimater Variesi nt r oduced

chem cal agen based on t.he concentration .of..di ssol.v zone and pH
obt ai ned by thségm'ﬁ‘zgﬁ?)@rfbhf)?“’ &’r"i‘girﬂ’él an ehpdigrent |0f (Esjég%ﬁﬁtarlm%nti on, it
n{ ac ui ds._and s_cont acting

. f | PP .
S 0T el 01 PO oS RIRE6H HAOpLLAHE IR, AGROT L PR peoatgct | no
downst 1 CaiBRenfRNSLILhE b iddlide WRHIER LAl EPAS 1Bl BRANE e dR(ATP! oS Of

n
the material resi'stan one cl'ude roresi gquartz and met al s

havi ng t fenpSdidAGRlid0ikhe PRSSI ¥EtishabechdHUrEsih HPWhA dd %'phagr am of
an enbodi ment of (A) the piping for supplying u?trapure wat er of the
appar at usxdarigeerepiredenh thm/@r&eirq@,.laybfg_the present enbodi nent, a tank of
ultrapure water 37 is disposed. A piping for supplying ultrapure water 28
i s branched aRigureptpitngy foiflow edygdand pfudisthpdrembedieerdBof {BYlitheosed. By
“.recycling ultrapure water to the tank of ultrapure water through the

- di sposedcgdiafying réactior ppetiongofothe appargius eofdteepresenplinpefitionsufipl yi ng
ultrapure water 27 can be operated in a constant condition independently
of the uBtdprassuhemfiodimangpthecolumn for packing with a catalyst comprises

a column packed with a resin supporting palladium 42 and a column of a
mixed bed 43 containing a cation exchange resin and an anion exchange
resin. The two columns are connected in series in this order.

Figure 7 shows a flow diagram of an embodiment of (D) the
apparatus for dissolving ozone of the apparatus of the present invention.
In the present embodiment, ultrapure water and a gas containing ozone
directly contact each other at an ejector 44 and the gas containing ozone is
dispersed in ultrapure water as fine bubbles in an in-line mixer 45. The

| mixture of the gas and the liquid stays at a portion for promoting

dissolution of ozone and growth of bubbles by combination 46. In this
portion, dissolution of ozone proceeds and finely dispersed bubbles are
combined again to form larger bubbles. The gas in an excessive amount is
separated in a gas-liquid separator 33 and water containing dissolved
ozone which does not contain bubbles can be obtained.

Figure 8 shows a flow diagram of another embodiment of (D) the

apparatus for dissolving ozone of the apparatus of the present invention,
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18 15 October 2003 water. Therefore, the pressure of the supplied ultrapure
wat er can be kept constant even when the used anmount of Ubktdgagusreonat er
varies. Figure 5 show a fl ow di agram of an enbodi nent of (B) the catal ytic
reaction portion of the apparatus of the present invention. In the present
enbodi nent, a colum for packing wwth a catalyst 29 is packed with a resin
supporting palladium 39, a cation exchange resin 40 and an ani on exchange
resin 41 in this order as layers. Figure 6 show a flow di agram of anot her

nmbodi t of (B) th talyti ti ti f.th t f th
or coont - FJBREaHeI BRGSO BRAEHH CropRERSP FORDFARAR ng wi th
tal yss ' I . ked with ' ting. pal l,adi 42
and a coPUHPISE Wit 28 CRtr s S maTm P iagoad L A5 0k ORGP It 8P and an
. i xed X AR
or dor . Frourany fBidhe I Ral M RaiOuTREs FReARAMEERER: SRR oy ppar at us
for di ssalituftrodnier Phrdulh ARNMAURAsdiDR READRARo i7vention. - In the

present enbodi nent, ultrapure water and a gas contalning ozone directly

contact each @hhehe ahbave €418Bb&ImdrksanalthASuLASwARH FrBilAPZPNGHeS
di spersed in ultrapure water as fine bubbles in an in-line mxer 45. The

m xture epphbetigaforanddubing uiitbpusd aytetis Pazesd ithfodeh thé QAR lydi

di ssolution of ozone and growth of bubbles by conbination 46. In this

porti on, reactsol portoon aispwedatpthecepstyeandof theehppdisperfoe diduobhings ar e
conbi ned again to form | arger bubbles. The gas in an excessive anmount is
separ at edzone andasibsizides propaoting deasnpasitivat eff ozonet axieniemgowtids s dinved

ozone whi ch does not contain bubbles can be obtained. Figure 8 shows a flow
* di agr am bke apRssREE WveBboRet Bf spBjciepk that the substances promoting

decomposition of ozone are not present in ultrapure water supplied to the
apparatus for dissolving ozone. Therefore, the catalytic reaction portion
may be disposed within the apparatus for producing ultrapure water.

As another embodiment of the present invention, in an apparatus
for producing water containing dissolved ozone in which ultrapure water
produced in an apparatus for prodﬁcing ultrapure water having an
apparatus for irradiating with ultraviolet light is supplied to an apparatus
for dissolving ozone via a piping for supplying ultrapure water and ozone is
dissolved into the ultrapure water, a catalytic reaction portion is disposed
at the downstream of the apparatus for irradiating with ultraviolet light
and a filtration apparatus is disposed at the downstream of the catalytic
reaction portion.

The above embodiment will be described specifically in the
following.

Figure 9(a) and Figure 9(b) show flow diagrams of embodiments of
the apparatus of the present invention in which a catalytic reaction portion

and a filiration apparatus are disposed as subsystems. In the
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apparatus for dissolving ozone of the apparatus of the present invention.
19 15 Cctober 2003 In the present enbodi nent, a nodul e of 18 Qmsber 2003
transm ssi on nmenbrane 48 equi pped with a gas transm ssion nenbrane 47 nmade
of a fluororesin and resistant to ozone is used and the gas containing
ozone is dissolved into ultrapure water through the gas transm ssion
menbrane 47. In the above enbodi nents, ultrapure water produced in the
apparatus for producing ultrapure water is passed through the catal ytic

ti ti. ' dat th t f th t for di | vi
ozone andoliskEanEBBRRoRIias® BUlom,BSPIBI s FUBBHE R FUTPERAGAR | n [ he
and "SUBSFAReS "BFotiot 165" t : |
feconposipareaf forcheddafthe i Bk PRlef HEW HIHE GEBRPHEEbr M8 (o 1ne

appar at UgxfRingl 8f ymﬁemetgpg%ﬁggrﬁ uiégsﬁ&%abqurp;oa&saﬁ 53“ portion

may be disposed w thin the app _ rproducing u purevvaela. As
anot her eahagiiEeRéactior MRrBAS2OL ik NARPLLAN atl BhENdERRARLRLYS of YhePr 0duci ng
I C

wat er contai ni ng di ssol ved ozone in h ultrapure water produced in an

appar at uapbaratusofdythadiatihg &tk altvatRile 121 aMPridPAF MhteSwhr is
irradiating with ultraviolet light is supplied to an apparatus for

di ssol vi mgadiated wiith axlpigviclgt floghts uppthei agpatdtus pforeirsateitimndy@ione i s

di ssolved into the ultrapure water, a catalytic reaction portion is

di sposedultgavidiet lighttlr endthintradveed gpbr dhesatayticr readtiani porticit B9
ultraviolet Iight and a filtration apparatus is disposed at the downstream
of the chegksd | with eart pyidapiontiednctivhe catalvet, e o dippanatue| Fothdodescri bed

e A tadn ot Bemaresrbed B SPART o6 MordBibdn o ot bus 5 wn "
ultrapure water is obtained. In accordance with this process, even when
substances promoting decomposition of ozone are formed by irradiation
with ultraviolet light in the apparatus for irradiating with ultraviolet light
21, such substances are removed in the catalytic reaction portion 29 at the
downstream of the apparatus for irradiating with ultraviolet light. Even
when fine particles derived from the catalyst or the ion exchange resins are
formed, such fine particles are remove by the ultrafiltration apparatus 23
at the final stage of | the‘ subsystem. In this manner, ultrapure water
which does not contain substances promoting decomposition of ozone is
supplied from the subsystem to the apparatus for dissolving ozone 31. A
gas containing ozone produced in an apparatus for generating ozone 32 is
dissolved into the ultrapure water in the apparatus for dissolving ozone 31
and water containing dissolved ozone is produced.

Figure 9(b) shows a flow diagram of another embodiment of the
apparatus for producing water containing dissolved ozone of the present
invention. In the present embodiment, a portion above an ion exchange

resin in an apparatus of ion exchange resin of the mixed bed type is packed
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the apparatus of the present invention in which a catalytic reaction
portion and a filtration apparatus are di sposed as subsygsamobdr200he 20
15 Cctober 2003 enbodi nent shown in Figure 9(a), in an ordinary subsystem
conprising an apparatus for irradiating with ultraviolet |ight 21, an
apparatus for ion exchange of the m xed bed type 22 and an ultrafiltration
apparatus 23, a catalytic reaction portion 29 is disposed at the
downstream of the apparatus for irradiating with ultraviolet Iight 21.
Primary pure water is irradiated with ultraviolet light in the apparatus
for irrawith pagxidlation-gpduehiomeatalystgh. Drimsdyipvre otalerds invadiathé

catal ytic ,reatft I on_poytjon 29 packed wth an oxidation-reduction catalyst,

Che- appalat GFarIaleiEbi i ARG ROFa o lon Reasl pBaS TISE Wbrammelot Heht

i th-tni 2LogadBBREiRh helhouants ahaBt Srhneet R BaldpsoRtIIbRedt ozone
¥ ad at BREPERER b croathi ik 3¢ afinticBgietiiiod” sRBAFERAT T < ne

o1 ad at PAEER, P PROL SR A bR Wi AR by e pRRRAIAS L O 11 om
the cat abyshrDust 22 4D uPXGPARI i8R 18 ShREfed! OARYs &a&g&ﬂqlgeoz%ﬁ@t i cles

are renove by the ultrafiltration apparatus 23 at the final “stage of the

subsyst efroduceldhirs aiRBPBhratillst forPLETRIYENGT 0zoM3l 8D idOEiBsA19bd GRRs 3hR
substances pronoting deconposition of ozone is supplied fromthe subsystem

to the aphaaptivs waterdissiHeviappaeanme &l didsolgiag oacidi 3l nhdzearpr oduced
in an apparatus for generating ozone 32 is dissolved into the ultrapure
wat er i ncottminppdssoyefl@zode ssproduvgdozone 31  and wat er contai ni ng
di‘ssol ved ozone is produced. Figure 9(b) shows a flow di agram of anot her
enbodi nent of Beffween the embodiments shown in Figures 9(a) and 9(b), the

embodiment shown in Figure 9(b) in which thé oxidation-reduction

catalyst and the ion exchange resin for removing ions are placed into the

same column is more preferable since it is not necessary that the column

packed with the catalyst is separately disposed. When the oxidation-

reduction catalyst and the ion exchange resin for removing ions are placed

into the same column, the oxidation-reduction catalyst may be placed

above the ion exchange resin as shown in Figure 9(b) or below the ion

exchange resin. The oxidation-reduction catalyst and the ion exchange

resin may also be placed into the column as a mixture.

In the apparatus of the embodiments shown in Figures 9(a) and 9(b)

in which the ultrafiltration apparatus is disposed at the down stream of

the reaction portion packed with the oxidation-reduction catalyst, fine

particles can be captured and removed even when fine particles are formed

from the oxidation-reduction eatalyst.

By using the apparatus for producing water containing dissolved

ozone of the present invention, substances which are contained in
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apparatus for produci ng water containing dissolved ozone of the present
invention. In the present enbodi nent, a portion above an HeMwhaNYE

resin in an apparatus of ion exchange resin of the m xed bed type is packed
21 15 Cctober 2003 with an oxidation-reduction catalyst 49. Primary pure
water is irradiated with ultraviolet light in an apparatus for irradiating
with ultraviolet light 21, introduced into the apparatus of ion exchange
resin of the m xed bed type, brought into contact with the

oxi dation-reduction catalyst 49, subjected to the ion exchange treatnent
and t r eatiiFapyrerwaterr &t ivery asnsH amopatatand 280mote udecommesttiomtar i s
obt ai ned. A gas containin zone . prodyced in an apparatus for generating
ozone 32C7QNGALE EPaYe ﬁf‘g tsi)%l)a{ﬂl@?%ﬁ{hﬂéhmkbe formperd fropp shepumy,or

Bet woen R ERBDANRERTAREDancH R At R She oy SRENTHES Pexb ctenBsd mon

h in Fi 9 in_which.th Ldation-reduct. tal yst d the i
axchange PESVRE of pesiBe e ldBard g he e SiShns o el tmAll | < oo
: f b [ [ t the .co ked with th
Cat alyot /¢t ORER. raber APBBRERE G AP oebF LB o BACRE o bl Vet and

the ion gxghargendesHieh g’hﬂﬁW&ﬂ%Q dbﬁf‘ﬁnﬁﬁ% dgésﬂfé’ﬁe‘a 0 3%%3&% }tlla"\lé gnme

colum, the oxidation-fFeduction catalyst may be ace above e ion

exchangegt@s) fesddughemidtion &f gxuree Q{Rblved hekitet BRI 8Fes RYERBAGANS €Si N.
The oxi dation-reduction catal yst and the ion exchange resin may al so be

pl aced i idrs ¢thfine @lawtinleacam e sbtdiged.l n t he apparatus of the enbodi nents
shown in Figures 9(a) and 9(b) in which the ultrafiltration apparatus is
di.sposed at the down stream of the reaction portion packed with the
‘oxi dation-reduction catal yst, fine
EXAMPLES
The present invention will be described more specifically With
reference to examples in the following. However, the present invention is

not limited to the examples.

| Comparative Example 1

In accordance with a conventional process using a subsystem
equipped with an apparatus for irradiating with ultraviolet light, a column
of ion exchange resins of the mixed bed type and an ultrafiltration
apparatus, 10 m8hour of primary pure water having a concentration of
TOC of 2.0 pgfliter was treated and wultrapure water having a
concentration of TOC of 0.5 pgfliter was obtained. In the used apparatus,
the apparatus for irradiation with ultraviolet light [manufactured by
NIPPON PHOTOSCIENCE Co., Ltd,; AUV-4800TC] had 24 ultraviolet
light lamps and the total consumption of electric power was 4 kW, The
column of ion exchange resins of the mixed bed type was packed with 65

liters of a strongly basic anion exchange resin [manufactured by DOWEX
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particles can be captured and renoved even when fine particles are forned
fromthe oxidation-reduction catalyst. By using the appar d6tdber 200®duci ng
wat er contai ni ng di ssol ved ozone of the present invention, substances

whi ch are contained in 22 15 Cctober 2003 ultrapure water in very snal
anounts and pronote deconposition of ozone are renoved and fine particles
which may be fornmed fromthe punp, the resin supporting the catalyst and
the ion exchange resins are also renoved. Therefore, the decrease in the
concentration of ozone is spmll even when water containing dissolved ozone
i s transk8ntleldh fB0A aBAPO diterapta siranalshpeidiegativnyexghoagecrasini ni ng

e o7 an bR B EX She, L TOHCBar ] ol os can b obtained.

EXAMPLES Th t ti il.l be d i hed i fi | ith
ref erence toeggrﬁ%%g’g | ﬁrvafﬂng%?ﬁlgSWr?d?e aﬁﬁé{‘;:ﬂ?ﬁ f"nr%r“g‘f'r:g'g‘%ltus;e ﬁ%/i \cl)mn is

not lim %ﬁo;ﬁ&c%}%%t%@éﬂa?ﬁmg@g%{r?& 5¥&§ﬁ%ﬁ'§§ #{%c}%ﬁ}%ﬁ%e qrth a

convent i cess using a system’” equi pp tus for

| rradiatlng c%%ﬁrfgﬁgr@i@n%' %Jhil;ﬁ%%soﬁre%%'ﬂé&mfroﬂf d"?geﬁ,é%%%[}gﬁ gﬁﬁﬁit_”s of the

m xed bed type an nultrafiltrati appar at us, primry

pure wat gfscha¥ddfnd KADaCRRht R of dE&nObf 360 ¢aid id ah AASuhteFt ed and
ultrapure water having a concentration of TOC of 0.5 Vg/liter was

obt ai ned124 mittafgfhmﬁdwamlaécatra?ondsh@ 20 RAR @IS bodnd, Wwadsaphhed wot h

ultraviolet light [manufactured by N PPON PHOTOSCI ENCE Co., Ltd,;

AUV- 4800ty uvhadpite uiateaviloloagh an ejector and water containing dissolved
ozone was prepared. A sample of water containing dissolved ozone was
taken from the piping for transporting water containing dissolved ozone at

a position separated from the ejector by 50 m. The concentration of ozone

in the sample was measured and found to be 5 mg/liter.

Example 1

The same procedures as those conducted in Comparative Example 1
were conducted except that 5 liters of an anion exchange resin supporting
1% by weight of palladium was placed in the uppermost portion of the
column of ion exchange resins of the mixed bed type. The thickness of the
layer of the resin supporting palladium was 5% of the thickness of the
layer of the ion exchange resins.

The concentration of TOC of the obtained ultrapure water was 0.5
ug/liter, which was the same as that in Comparative Example 1. The
concentration of ozone in Wa;cer containing dissolved ozone which was

taken at a position separated from the ejector by 50 m was 9 mg/liter.

Example 2
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i ght |anps and the total consunption of electric power was 4 kW The
colum of ion exchange resins of the m xed bed type was paslCuiohsr 20055
liters of a strongly basic anion exchange resin [ manufactured by DONEX 23
15 October 2003 Co., Ltd; 550A] and 35 liters of a strongly acidic cation
exchange resin [manufactured by DONEX Co., Ltd.; 650C]. The above
ultrapure water in an anmount of 1 nB/hour was used for producing water
cont ai ni ng di ssol ved ozone through a branched piping. A gas containing

ozone whi ch repared f,rom oxygen gas, b ilent disch e and_ had a
concentrat i o\r,&gt?%@?g%grwd%%s of ﬁgoﬁen%ﬁ"&\ﬁ%ﬁ’rﬁ 8815“1’@25“’@ @P%iﬁr, whi ch
correspo t u f .0zone, -was supplied.to, the u apur.e wat er
t hr ougﬁ g%’%jcgélﬁ g‘? g“féi]ngxé\%%thaCoﬁt %ﬁlﬂ% p&gggtilv\v/gh lo]i%ﬁ’l‘eo%/v%e B"}lEfﬁﬁr ed. A

I oo _ ‘ h P for
Cr anspor X AEhfde SO 81Dbdid:sh 190hY Siei SROORARRLR SHlcH OIR S BhR. O O o

the ej echorhhy uddd W EHEnSRNESAH" iull’ﬁi‘_fix_ﬁltrgﬁ%eaa) ot New32R&0Mag Measured

and found to be 5 ng/liter. Exanple e same ocedures as %ﬁose

conduct egt the Gotmtiany ©f EKaMRhACE polel 6f SRNiEhe GuRKEeRBMbARIFRNki ters of
an ani on exchange resin supporting 1% by wei ght of palladiumwas placed in

t he uppenlmspuporwiater obtiined Eammthefsulystxahargd hesCommirative n xed
bed type. The thickness of the |layer of the resin supporting palladi um was
5% of t hExahimdknéssvasf naseed | Byeughf thaecolommexphdiege wihi the Férdn
concentration of TOC of the obtained ultrapure water was 0.5 g/liter,

whi ch wasupprrtiepabadivm andiheonpeafditateoreappatagus. The concentration of

ozone i n wat e;P cont ai ni ng. di ssol ved, ozone whi ch was, .
o he concentration of ozone in the water containing dissolved ozone

which was taken as the sample at the position separated from the ejector

by 50 m was 10 mgﬂiter.

It is shown by the results in Comparative Example and Examples 1
and 2 that a high quality water containing dissolved ozone could be
obtained by disposing the column packed with the anion exchange resin
supporting palladium at the upstream of the apparatus for dissolving
ozone, bringing the ultrapure water into contact with the anion exchange
resin supporting palladium and filtering the ultrapure water passed
through the catalytic reaction portion using the filtration apparatus and
that decomposition of ozone in the water containing dissolved ozone was
suppressed and the residual fraction of ozone was great even after

transportation for a long distance.

INDUSTRIAL APPLICABILITY
By using the apparatus for producing water containing dissolved

ozone of the present invention, substances which are contained in the
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taken at a position separated fromthe ejector by 50 mwas 9 nyg/liter.
Exanple 2 24 16 Cctober 2003 The sane procedures as those 16ddiolsr@003 n
Conparative Exanple 1 were conducted except that a colum packed with 1
liter of the anion exchange resin supporting 1% by wei ght of palladium
whi ch was the sane as that used in Exanple 1 and an ultrafiltration
apparatus were di sposed at the downstream of the branch point of the

pi ping and 1 nB/ hour of the wultrapure water obtained fromthe subsystem
used in nparative Exanple | s passed through the col um, packed with
t he resi RITSRPHoMIRY HalVPEiSHRR RInewRts, pnfaprimapta idéﬁoﬁﬁﬁﬁlit’éﬂj@f The

Coken asO4iE SESHEOURY #hd BT GieecE Bl ial b AR etr By 50 m vas
10 ol ldter ot h b h i.n. Co ti . Ex | d
Exa%l esjcl% %{%\%‘8‘ %ul'&)ﬁ%xﬁugg“ﬁpaﬁca&%%sﬁ teaf}lLngﬁ%lrl&& ot %tg‘?%ﬁlgr\égf%ss %aneagsgg one

i ( . ; i g . A
Cosin - oioilBhe. OPRONICERAS i S SO RoRATKEIIL OF bt 38T S BT0P

ozone, bgidiigied NRattr! FARMESiNERH R0l RO o SR ?:rzttréi‘flé' e f@f‘ié)'loﬁ%ghange

resin supporting palladiumand filtering the ultrapure water pass

through a@figak@d ahitd RidleaahliBN w@ed bOtaiSinRodikbsivia lozbAas vAicRARAS #t Uus and
t hat deconposition of ozone in the water containing dissolved ozone was
suppr essgebaanebsidealr fractual off saak diksslved2an®avds agd adesenv@ncaitath
transportation for a long distance. | NDUSTRI AL APPLI CABI LI TY By using the
appar at umniscrr fineerititlpswede be obrtamiedi nJai ssolunedf ozone required for

producing water containing dissolved ozone can be decreased.
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ozone of the present invention, substances which are contained in the 25 15
Cct ober 2003 ultrapure water in very small anounts and prds@atober 2003
deconposition of ozone are renoved and fine particles which may be forned
fromthe punp, the resin supporting the catalyst and the ion exchange
resins are also renoved. Therefore, the decrease in the concentration of
ozone is small even when water containing dissolved ozone is transported
for a long distance and a high quality water containing dissolved ozone
which has a great residual fractigﬂéiffgzone di ssolved in water and does
not contain ions or fine particle M%e obtai ned. The amount of ozone
required for producing water containing dissolved ozone can be decreased.
26 15 Cctober 2003 CLAIMS 1. -An apparatus for producing water containing

di I i i A i_Di f . | yi | t.r.
hrough ni i apPpaths, BBIURERS Nasd RoR AR adiREd ppthe' ahihon® " '

o Leh ! Pl ¢ ! t t
Bod | oS (PR Wl hubBRyiBleluidabite WREYY HIbULY (ARMRe At el
oxi dat i ORdfr@Bues i RRterCa duyplied( QB?aafda!tHy%ici QQa&&H?lgﬁrﬂ%nb% j gy the

ultrapure water treated in "the catalytic'reaction p ronis filtered and

(D an appanedted wish thegsping fg s\@Adiig WltvdiheR WaRteand idvasiehed i nto the
ultrapure water discharged from the filtration apparatus. 2. An apparatus

for prodwimpurat wataons abriwhtdisiwolconthadzaith @€ cotidhtignt:@dGkabm 1,
wherein the ultr agur e water supplied through the piping for supplying
ul t r apur eatadyel, (C3 adiltrationr appartasus pyodbickdhenlirapure water treated in
the catalytic reaction portion is filtered and (D) an apparatus for dissolving
ozone in which ozone is dissolved into the ultrapure water discharged from

the filtration apparatus.

2. An apparatus for producing water containing dissolved ozone
according to Claim 1, wherein the ultrapure water supplied through the
piping for supplying ultrapure water is ultrapure water produced in an
apparatus for producing ultrapure water which is equipped with an’

apparatus for irradiating with ultraviolet light.

3. An apparatus for producing water containing dissolved ozone
according to Claim 1, wherein the oxidation-reduction catalyst is a catalyst

containing supported palladium.

4. An apparatus for producing water containing dissolved ozone
according to Claim 1, wherein the catalytic reaction portion is a column

packed with the catalyst.
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apparatus for producing ultrapure water which is equi pped with an'
apparatus for irradiating with ultraviolet light. 3. An appdiciohes 2003
produci ng water containing dissolved ozone according to Claim1, wherein
t he oxidation-reduction catalyst is a catalyst containing supported

pal l adium 4. An apparatus for producing water containing dissolved ozone
according to Caim1, wherein the catalytic reaction portion is a colum
packed with the catalyst. 27 15 Cctober 2003 5. An apparatus for producing
wat er coptaini ng di ssaol veg 0zon according to Caim1l, wherein the '
filtrati 8n apPar APRRATFLES 5105 PFOANCINE  WAAT FORLHTLRE aflasPpivess i9zonat i on
menbr ane icrofikiration menbrane a reverse, osnosi s nenbrane. 6. An
appar at u&® (ﬁﬁrbé %8&?%61 \}Bt@ergght%gpnﬁaata?gsa&%att&%én arRRraiisg to
Claim1, i ; for di vVing .oz .S _an ar at us

equi pped® %'gn%étﬁg%l?gﬁﬁgiﬂ%%&gﬁ%%gf %‘ge’faogn%ro%g%@iuﬁa %ﬁfngﬁ'g% iai ni ng

di ssol veq ya7zene JMphi&dls ntQRBFd5ES an apparatus for producing ultrapure water
which is equipped wth an apparatus for irradiating with ultraviol et

i ght, an apparatus for dissolving ozone in which ozone is dissolved into
the ultrapure water produced in the apparatus for producing ultrapure

wat er and. a ¢ai ahpparatusefet i pddpeiid owatdt WdInkSinkAs Kathavivdd Arone

oxi dation-reduction catal yst and disposed between the apparatus for

i rradi at aegprding tol Cleam d| ethdreghtthanpparheusfpadidsobvihgr obnesiy ¥hng ozone.
8. An apparatus for producing water containing dissolved ozone according
to O ai meppayHassigwiphed sithianiegectonduct i on catal yst is a catal yst

7. An apparatus for producing water containing dissolved ozone which
comprises an apparatus for producing ultrapure water which is equipped
with an apparatus for irradiating with ultraviolet light, aﬁ apparatus for
dissolving ozone in which ozone is dissolved into the ultrapure water
produced in the apparatus for producing ultrapure water and a catalytic
reaction portion which is packed with an oxidation-reduction catalyst and
disposed between the apparatus for irradiating with ultraviolet light and

the apparatus for dissolving ozone.

8. An apparatus for producing water containing dissolved ozone
according to Claim 7, wherein the oxidation-reduction catalyst is a catalyst

containing supported palladium.

9. An apparatus for producing water containing dissolved ozone
according to Claim 7, wherein the catalytic reaction portion is a column

packed with the catalyst.
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cont ai ni ng supported palladium 9. An apparatus for producing water

cont ai ni ng di ssol ved ozone according to Claim?7, wherein16ictasr2D93i c
reaction portion is a colum packed with the catalyst. 28 15 Cctober 2003
10. An apparatus for producing water containing dissolved ozone according
to Claim?7, wherein the apparatus for dissolving ozone is an apparatus
equi pped with an ejector. '11. An paratus for producing water containing
di ssol ved ozoke crRERbue o fary QF(%D“&I,EW%F rfon | dipsolyad ke ®ngi t h t he
catalyst is further K i j esing 1A - ihation with the
oxi dation-r edﬁ%f)fc{c})ﬁgctgtaégfa %t%&%?*ﬁh%%ﬁf%?ﬁ‘éﬁ ogr(ﬁﬁéroo ug%n%st ar

cont ai ni ng di 506k QAGNd RREGMhEjdgol 0 C aim 4, wherein a colum for ion
exchange i s di sposed between the colum packed with the catalyst and the

filtration apparatus. 13. An apparatus for produci ng water containing
di ssol ved ozone according to Caim9, wherein the colum packed with the

catalyst is LUrthes RRRkEChs b oot RARSE oRBlifRe! RiATHI Ndlhon Wi Lh

the oxidation-reduction catalys 14. "An apparatus for producing water
cont ai ni ng di asokdied wzOhémadcehdidig the clahin heksheriei the ca@liysirisf or i on
exchange is disposed between the colum packed with the catal yst and the
filtrati on apputheupackel wkTRACEXARangspasdnsisinf spmpinadigri withwether

containing di gag ued 02008 Mkl

12.° An apparatus for producing water containing dissolved ozone
according to Claim 4, wherein a column for ion exchange is disposed

between the column packed with the catalyst and the filtration apparatus.

13. An apparatus for producing water containing dissolved ozone
-according to Claim 9, wherein fhe column packed with the catalyst is
further packed with ion exchange resins in combination with the
oxidation-reduction catalyst.

14. An apparatus for producing water containing dissolved ozone
according' to Claim 9, wherein a column for ion exchange is disposed

between the column packed with the catalyst and the filtration apparatus.
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conprises (A) a piping for supplying ultrapure water through which
ultrapure water is supplied, (B) a catalytic reaction ports@cteder 2003 s
connected with the piping for supplying ultrapure water and in which the
ultrapure water is brought into contact with an oxidati on-reduction
catalyst, (C) a filtration apparatus by which the ultrapure water treated
in the catalytic reaction portionis filtered and (D) an apparatus for

di ssolving ozone in which ozone is dissolved into the ultrapure water

di scharged from the filtration 2B§§r§éggg and an apparatus for producing
wat er contai ning dissolved ozon A nprises an apparatus for
producing ultrapure water which is equipped with an apparatus for
irradiating with ultraviolet |I|ight, an apparatus for dissolving ozone in

whi ch i dj | i h | . . d d i .

ap]logr a? ﬁ g " fe 0 Ir i1'5‘r I agﬁa)(ﬁ‘gg gclfrtn é %g&?gn%\%taé%ragogﬁgu\gl%tgglﬁgw? %%8%‘%: tQ"lr %Eﬁ portion
whi ch i t D - axi.dat.i - i t i bet

e o pecBptsgs N it R Syl ChliPAp 6 Rraieh AROughoRARER DOLVeCh

di ssol vi pr@ZeRe waldpSi2AB6HHlie R’ PBP r&atﬂ?ﬁa%i&dnogjo%ﬁzm#ﬂgch are

contained in ultrapure water 1n very small anounts are renoved and water

cont ai ni fehrlcse@ el thE PRgingok Gpsiaws dltidpee 0e5E2a5R] i wiHigh the

concentration of ozone and has a great residual fraction of ozone
di ssol vedltrapued ewatdrt és broaghpoirtat camtalcor with ang oxlidstianaedastiohe

obta nEdéatalyst, (C) a filtration apparatus by which the ultrapure water treated in
the catalytic reaction portion is filtered and (D) an apparatus for dissolving
ozone in which ozone is dissolved into the ultrapure water discharged from
the filtration apparatus; and an apparatus for producing water containing
dissolved ozone which comprises an apparatus for producing ultrapure
water which is equipped with an apparatus for irradiating with ultraviolet
light, an appafatus for dissolving ozone in which ozone is dissolved into the
ultrapure water produced in the apparatus for producing ultrapure water
‘and a catalytic reaction portion which is packed with an oxidation-
reduction catalyst and disposed between the apparatus for irradiating with
ultraviolet light and the apparatus for dissolving ozone. Substances
promoting decomposition of ozone which are contained in ultrapure water
in very small amounts are removed and water containing dissolved ozone
which shows little decrease in the concentration of ozone and has a great

residual fraction of ozone dissolved in water after transportation for a long

distance can be obtained.
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