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DESCRIPTION

APPARATUS FOR PRODUCING WATER CONTAINING DISSOLVED
OZONE

NICAL D

The present invention relates to an apparatus for producing water
containing dissolved ozone. More particularly, the present invention
relates to an apparatus for removing substances promoting decomposition
of 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.



(57) Abstract An apparatus for producing a water containing dissolved
ozone, characterized as conprising (A) an ultrapure water 1SupRbder?gopi pi ng,
(B) a catalytic reaction section which is connected with the ultrapure
wat er suppl ying 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
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long distance through a piping. Therefore, water containing 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



el ectronic materials such as silicon substrates for sem conductors, gl ass
substrates for liquid crystals and quartz substrates for piobasBsieosit IS
i nportant that foreign substances are renoved fromthe surface of the

el ectronic materials. Wet washing is widely conducted for this purpose.
Application of a washing fluid having a strong oxidizing ability is
effective for renoving organic and netal contam nants. Washing at a high
tenperature with a m xed solution of sulfuric acid and hydrogen peroxide
(the SMP.,washi.ng liquid) .or a m xed solution of_ _hydrochloric acjd,
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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



transported while a gas contai ning ozone was m xed with the ultrapure

water in a piping for the transportation. An apparatus forsshRpheriongs water
cont ai ni ng di ssol ved ozone shown in Figure 1 is proposed in Japanese

Pat ent Application Laid-Open No. Heisei 11(1999)-038181. Oxygen gas from a
contai ner of oxygen gas 1 is mxed wwth a very snmall amount of nitrogen
gas froma container of nitrogen gas 2. The resultant mxed gas is
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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



in the gas phase is deconposed in an apparatus for deconposi ng ozone 9 and
ozone in the water phase is deconposed in an apparatus fors @lessrpos: Ng
ozone 10. After the deconposition of ozone has been conpleted, the gas
phase is released to the atnosphere as a waste gas and the water phase is
recovered as waste water and reused after necessary treatnents. \Wen the
above apparatus for supplying water containing dissolved ozone is used,
change in the concentration of ozone during transportation 3 15 Cctober
2003 is snmall even en the water containing dissolved ozone is transported
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(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.



ozone took place due to the presence of very snmall anmpbunts of substances
pronoting deconposition of ozone in ultrapure water used ag ddishdrebesi al
wat er for water containing dissolved ozone, the substances in very small
amounts were effectively renmoved by bringing the substances into contact
wi th an oxidation-reduction catal yst and the substances in very small
anounts were fornmed by excessive irradiation with ultraviolet light in the
4 15 Cctober 2003 process for producing ultrapure water. The present
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catalytic reaction portion which iI's connected w pi pi ng tor
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contact with an oxidation-reduction catalyst, (C a filtration apparatus
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filtered and (D) an apparatus for dissolving ozone in which ozone is
di ssol vethé pavse bof this phenomenen cit was dvamdjéHat thenratd of spbhtatdoms
apparatus; and (2) An apparatus for_produci ng water containing dissolved
‘ozone whiegspmpesibionsdozane ipgranseuwhpothe aosoenine witraviplet dighdtusedwhi ch i s
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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



- dissolving ozone in which ozone is dissolved into the ultrapure water
produced in the apparatus for producing ultrapure water ang (sciésdrabydi C
reaction portion which is packed with an oxidation-reduction catal yst and
di sposed between the apparatus for irradiating with ultraviolet Iight and
t he apparatus for dissolving ozone. 5 15 Cctober 2003 The phenonena as the
basis of the present invention will be described in the follow ng. Wen
wat er contai ni ng di ssol ved ozone is produced by dissolving ozone into
ultrapure water produced by an  apparatus for producing ultrapure water
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deconposition of ozone. In the production of ultrapure water, target val ues
are set watttheancomlsufficiehtlyl decympesedatnd stabdétypodauted acmdaininggener al
TOC is included as one of the target values. Wen fluctuation in the
_concent r disselvedf ozagegaan does ipravedt wisboduahajon dhisager imahy euisdngater is
considered, it is _advantageous for the process control that the anmount of
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so that the target . . - .
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



val ue of TOC can be achi eved even when the concentration of TOC has the
maxi mum val ue in the estimted range of fluctuation. |rradsabdeervobd
ultraviolet light in an excessive anmount may be prevented by adjusting the
anount of ultraviolet light used for the irradiation in accordance with the
6 15 Cctober 2003 fluctuation in TOC in the primary pure water. However,
there is the possibility that the facilities and the process control
beconme conplicated. Wen water obtained after irradiation with ultraviolet

light is b ht i tact with oxi dati on- t] at al yst '
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DESCRI PTHapappamusiprprodsing alirapure iater.a Thewuwbepsandthamaagpar at us
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Figure 2 shows a flow diagramof an enbodi nent of the system for producing
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appar at uaissolving 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



of the present invention. Figure 4 shows a flow di agramof an enbodi ment
of (A) the piping for supplying ultrapure water of the 1519286093
apparatus of the present invention. Figures 5 and 6 show fl ow di agrans of
enbodi mrents of (B) the catalytic reaction portion of the apparatus of the
present invention. Figures 7 and 8 show fl ow di agrans of enbodi nents of
(D) the apparatus for dissolving ozone of the apparatus of the present
invention. Figure 9(a) and Figure 9(b) show flow di agrans of enbodi nents
of the apparatus of the esent invention in which a catalytic reaction
porti on E¢fdnasypRartiag @ﬂﬁa 1448 @roatigins pacterhges resins yidt ens agfiont he
appar at us for produci n | t rapure ter The nunbers and the nmark in the
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adsorptl on apparatus; 25: an ion exchange apparatus; 26: an apparatus for
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water; 28Hig ¢ : LD MA T C CATB| ITHE r eacti on
portion; _30: a f||trat| on apparat us; 31: an apparat us for d| ssol ving ozone;
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water contammg 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



8 15 COct ober 2003 resin supporting palladiunm 40: a cation exchange resin;
41: an anion exchange resin; 42: a columm packed with a rehdosdiRpest i ng
pal |l adium 43: a columm of a m xed bed; 44: an ejector; 45: an in-line

m xer; 46: a portion for pronoting dissolution of ozone and growth of

bubbl es by conbination; 47: a gas transm ssion nenbrane; 48: a nodule of a
gas transm ssion nenbrane; 49: an oxidation-reduction catalyst; and A an
apparatus for producing ultrapure water. THE MOST PREFERRED EMBODI MENT TO
CARRY QUT THE_ | NVENTION The nost preferred enbodi nent of the apparatus for
pr oduci ngndveglativelynelgani wastei weter ebtaoned eaftenphné sme isAreated biyng f or
supplying ultrapure water through which ultrapure water is supplied, (B) a
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wat er constitut th various separati on arat usés ‘ar ranged In a

sui t abl ebiddsgienl FErdhtheerdsshaBomtidioWadhashfbes! And enhRdi dRManghk t he
system for producing ultrapure water. [n this system ultrapure water

pr oducedapyargimses rget duicalgh asql éh rigat spbnsy Shethd bystenprdHowy ipure wat er

system 12 and a subsystem 13 is used in a plant for producing

: “senm condlbigwres 2] 4a9cdaglatiobenppafdtus 16 and a double 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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and relatively clear waste water obtained after the use is treated by a
recovery system 15 and recycled to the primary pure water 18¥SdicHer 2008
pretreatment systemis a systemfor roughly renmoving suspended substances
and di ssol ved substances frommaterial water. Unit apparatuses such as
apparatuses for coagul ati.on and separation, filtration apparatuses,
menbrane filtration apparatuses, apparatuses for biological treatnents,
adsorpti on apparatuses and i on exchange apparatuses are suitably used in
the system In the systemshown in Figure 2, a coagul ation apparatus 16
and a doaﬁwnp%%wnf ¢fi 3 pariien ol gygania mbsian@ﬁrSe(’la@Sg@ye@udaﬁenpr Imary pure

water systemis a stemmainly for renoving, dissolved salts from water
treated E‘%FSFFJGB} %@‘/"589 ngé"yét%ﬁ?veFﬁ%PE’é‘Psme@(%{?ﬁﬂaé‘és éB, adegassingt i ng

o oauci niPparEae i ailoheReBl Rant Pl e istougbarat ue for
duci - i.Yf-gQl { f duci

ater o m xearhesTaparare Paen el A AR Wanlbulitiafions T °

desal t | ng1ABpACRIdEICLaItICTOICECEb A AUEC A HordikRCard o YATIGE OSTOSI S

desal ting apparatuses such as 'a reverse osnosis nenbrane, a t age

reverse p&ABGEE sHRNAEANE @Aditd Jrhetr&lerds ful GMLiIHGIRYER T EmNBIRIANe. As a
degassi ng apparatus for renoving dissolved gases, a decarbonation

appar at usratter obtained g thar pdm sty xinéew atdidsyaste0xh dailbhepwappaagkus for
removi ng di ssol ved oxygen gas (DO are disposed. As the degassing

appar at ushtaanedat Idébasubsyptamp anadpmradus Gacinad ideggswithgudppabhitus, a
menbr ane_ degassi ng apparatus_or a_catalytic degassing apparatus is used.
"Ai appar 5ghs tp olecompese aFORgbwi axidativn r aniioheexdhi apnatasus ok eonal | y
di sposed for sterilization or for 10 15 Cct ober, 2003 deconposition of a
portion Brembrana cepapaiioncarparatey $ichoxsdat mygrofiliration 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
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the system shown in Figure 2, a reverse osnpbsis apparatus 18, a degassing
apparatus 19 and an ion exchange apparatus 20 are di sposedis dkigbSUWosyst em
is a systemcalled a secondary pure water system in which residual salts,
TOC, fine particles and m crobes are thoroughly renoved so that the
quality of the water is further inproved fromthat of water obtained in
the primary pure water systemand ultrapure water is obtained. In the
subsystem an apparatus for irradiating with ultraviolet |light to
deconpose TOC by oxidation, an ion_exchange_apparatus and a nenbrane

separ at | BIPTApHEE Ao IRASH IR of the (disselved @Mbégﬁnﬁ@ﬁthsaﬁmdaém!aﬂatths (MF), an

T T AR E T
f [ diatii i t | t iQlet light. 21 . ' t f
the m xott e bt B AT bpine et 5% dn TorPAat, oo PG Fraposed.
Into the_u ' J ' di | ved
and. wnoPALEHLEURhE PR BRREL ol Pl SRR Wit i ¢ chom cal
agents are adgedyicih&n rtﬁ@%%?@ré{‘?fsefor i frald38d %{l'ﬂ%%ﬁmoget ]Tlgﬁt afgshi ng

S S0 P& T 6T g

electronic matérrals at poi use in ap pr oduci

seni condgsitdictink thd TribleatiGE QO Yu16491A8 LERDI PO he &Bﬂﬁ@g&s and
chem cal agents are renoved fromthe washing water used at an I schar ged

from t hebpoosidatiohn uge sestilizdttond r @l e WhrRluctsd." €Y afhga@athe fopri Mary
pure water system In the systemshown in Figure 2, an active carbon
adsor pt i owadmiagtwiEh24]traviolein light haage oeqpioraillys b5 dapdsad inaphar at us for
irradiating with ultraviolet |ight 26 are disposed. Hydrogen peroxide or
‘the |ikepHgesy mayebavader asyisteml [byptadoedndny dabess i©cdwmpesedGM3 theonot i ng
deconposition of the dissolved substances by oxidation in the apparatus
for irradibavisteng By irrediation of nurghwaterrpatihvadtnaviplondight, 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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whi ch was not used in the points of use is recycled to the subsystem
W thout any further treatnents or after renoval of dissol yethgasssooBY
d

di sposing the apparatus for irradiating with ultraviolet |ight-an
conducting the irradiation with ultraviolet Iight, TOC can be deconposed
by oxidation or sterilization can be conducted. The apparatus for
irradiating wwth ultraviolet |light may 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, TOCC is
deconposé&btiidientlzabieih Bresense §ay @articylar aneansisfoof inwwasivigedbear

wei ghts and can .be renoved by gijsorpti on with an ani on_exchange resin.

Fi gure 3PEFRSNEE 48 AhRefestaam J1oRAveaInisHrenif PEFSSHFR of Shardttapuref t he

Bppar at ul ALBF PR P SRt RePapte Thack e rioenty B0FE S bieeadiipting for |
| yi 10} { ti.ng. ult t

27 The BiimerERRCATR S s Y Sulbitie Bl RPNt € Risnbe B 1Tt o,

Exanpl esj fettafetﬂy;%gﬁagagag SBRL! bAY gHeLLARULE thdS g | Yeiep 1 st on

punmp, a plunger pu ooster punp, "a turbine a volut'e punp.

AToNg t hes@-eRLEDS, It! ephoRsdIfe HHtPHE prédetk8 FMIR siPpliod AdtihRlreOPEr ati on
of the apparatus for producing water containing dissolved ozorne, it is

i mpor t anwdtbais 0.25td 0.8[@apressure is applied to the ultrapure water. Wen
a gas containing ozone is introduced into the piping for transporting
ul trapure wat én thei agpaatuepéthepresdnti imvpativbhe thapkpingdoe sepplyingat t he
pressure of the supplied water be kept high. Wen the ultrapure water
“suppl i edultraphee aygder 28us chapeetedtokbcadal e re @033 puftidnc2@ i lwhichgh
pressure, any particular nmeans for increasing the pressure is not
necessar WltrpBiey eWatey rieebranghdr aatoycontactt mathy| an apxidationateductioppl i ed to
t he apparatLis S t sufficiently high.in many cases, it is .

catalyst. e 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, palladium
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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preferable that a punp for transporting ultrapure water is disposed at the
inlet of the apparatus so that the pressure of the ultrapygey¥gdfboh$
increased. It is preferable that the pressure of the supplied ultrapure
water is 0.2 to 0.5 MPa. In the apparatus of the present invention, the

pi ping for supplying ultrapure water 28 is connected to a catalytic
reaction portion 29 in which wultrapure water is brought into contact with
an oxidation-reduction catalyst. The oxidation-reduction catalyst used in
the present invention _is not particularly Iimted. Exanples of the

oxi dat i otplpEruct The catalustypackedmalummn is prefenable singeyidesatalyisv doesat al yst s
and pal | adi ym cat al ysts, . _Amng these catal ysts, the pal]adi umcatal ysts
are pref %?faﬁw Q}ste&ﬁe geliddyand separation wanefl peesspml andithenoperation
pal | adi um, oxi des, palladium hydrides and catal ysts obtai ned by supporting
paIIadiuﬁV%ﬁﬁgagﬂbport such as an ion exchange resin, alunina, active

b d ' ) . yThe f f th | 1 adi [
pwgl 1y e maSod RS fatias b bat i &g?dpha&q%"arﬁa%% tth ft )
, 0 . N | |
8f pomde(?(,gt%gﬂ %‘gggt% E}gp 8n§J§£§§auaseg g)(r?ildg?' ﬁgp%lﬁlgl%fé&’ lr?gxgbgée%%%lgﬁhﬁﬁto t he

reactor {Hp AmdintdppenadPuatsup _eeqrmmé/ghgpo& ié%@ffsé 0%N %ﬁ@y be used

and the -catal yst may be packéd into the reaction colum to

f1uidi zeﬁldmg the 8UpPoMBll GIallalRhAT cAtalPRs S Sdppoied dallRdsahdttalydts i n the

formof granules or pellets, a reaction colum may be packed wth the
cat al ystolitaified byaupabating tpapladiest o ahivmerdithngrt wisiairdgrdfegifled by

continuously passing through the 13 15 Cctober 2003 col um. The
- cat al yst sipae keed exotllent effeqr &f exhibiedsimitle a8 bmadhbalostt dbeappomiedf | ow out,
the solid-liquid separation is not necessary and the operation is
facilitapaldadien 4 msppeupeerpng|palladiuontiae.yam agiomsexchangs resihen a
catalyst 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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obt ai ned by supporting palladiumon a support is used, it is preferable
that the anount of pall adi um supported on the support is 1@.&%&%@% by
wei ght. Anmong t he supported pall adi um catal ysts, supported palladi um
catal ysts obtained by supporting palladi umon ani on exchange resins are
preferable since an excellent effect is exhibited wwth a small anmount of
supported palladium A resin supporting palladium i.e., an ani on exchange
resin supporting palladium can be prepared by packing a reaction colum
with the anion exchange resin, followed by passing an acidic solution of
pal | adi uvhechtesi deunparbingh pafiideotnurand Aheeson sugmngd ngspal isadiohm net al
can be prepared by adding _a reducing agent such as formaline to the above
react i onPadigHAriylimited. cifoy exemnplal p galumndonpackiag with thei eagalwgtul t r apur e

water into ct(f)nt acﬁ Wi i dat i on-reduction catalys at the catalytic

th-the ox
react i ond3TR§ BAC %Wﬁ%%&%@%%ﬁl%‘? pethe resyR sprRARing Paladmim and ehe
ul trapure water ;and pronoting degconpositpaon of .ozone can be. renoved.
Exanpl es 0T RECTRRRT LRBST dhRAP U Of s, PesiB PR AEARE L ALA B oot i ng
deconposj ti 0 ipcl radi ¢ and H radical . which are
generat e Cégliaae‘%:xc():?rrlé%g?trieg% %ggv%a %?%?lne%nggprgﬁgf %gaflggxtqrprogaqsafﬁi ng with
Ul tr avi OlhiddeNbs Qbybhe ABARALYSEHE! aPROREA "Batildd APHES hUAEL, 11 Lhe
apparatus of the pregent i nvention, “the resin stupporting palladiumand an
0N exChangif s PaRalilf difPd dohARTPhARId @itk B Hifon e8LMELJ pLsiRacki Ng
with the catalys ?aThe manner of thgﬁgonbi nation of i:01n4%1(1:5 Oce]; eSrIBZOOS t he
resin sugpobki dithneatddth weriasdnt iies odde X bahaen Rekedi withothe Rafihi cul arly
limted. For exanple, a colum for packing with the catalyst may be packed
"'wWith a csufpordivigpaldddivme, o esium:s pppked with pabliaa axthande aesidsdnda exchange
resin or a conbination of the resin supporting palladium a cation
exchangecalegimpasidedhwitin auorandgo kachenge sésinammebercoineadedin asrias 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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| am nate of layers. Alternatively, a colum packed with the resin
supporting palladium and a col um packed with a cation exgBhangsher@8oh can
be connected in series in this order, a colum packed with the resin
supporting palladium a colum packed with a cation exchange resin and a
col um packed with an ani on exchange resin can be connected in series in
this order or a columm packed with the resin supporting palladiumand a
colum having a m xed bed of a cation exchange resin and an anion exchange
resin cap, be connected in series_in_this _order, By using a conbination of

the resi Bltsabipaanrnsgapm Hng pantioher derivesh ore the gavorp Somtranspprtaag um i on

can be captured with e iqQn exchange resi.n even when an  extrenely small
amount oﬁﬁﬁﬁP?%?dW@r q,%ﬂe F%Slglsl‘;‘ﬁ)é’ﬂr’ﬁ‘lgﬁﬂ?\aﬁﬁgl‘ﬁ@s&"? calih 6¥ehaELRAS IR di um

Mor eover, i conmponents eluted fromthe r transportin | trapure
vt or ornp SRe S5TRE BRIRadE e cioh M i rd B b4 ol AR i atetR | oo
conponen lL.ut.ed. aerefore, the ultrapure water can be kept at a

hi gﬁ pur%’%%%?ﬁﬁtahﬁel%gﬁ)p%?%us of the presentpi nvention, the uItrgpure wat er

treated in t e, GRbal 3 8AGH RO HOECAOTShtldd, (LERY Biixkhk (goBhLOn

apparatus 30. The tiltration nmembrane used for t tration apparatus is

not  par kéatadsd Vid iaf ©@6ne %@{@h@& 8L idendpliedats o "BIfaRes fag! ude an
, a

ultrafiltrati on nenbrane (U mcrofiltration nenbrane (M) and a

rever se @zRoRinAg BRohE dleaidROrond)s HisSsbledny THeecappdradnyfer diselviny t he 15
15 Cctober 2003 filtration apparatus, fine particles derived fromthe punp
for transgaret iisgnotl paetpeunleriwatlaniteihe Easimplesippbrihengppalrhtud ufoy t he
cation exchange resin_ and the ani on exchange resin can be renoved and the
“ult r apur éisgakvang oapne beclkdpta srodaldhpfih gasrirapsmissionenepbasrae schich t he
present jnvention, a gas containing ozone generated in an ozone_ generator
32 is sulspmiads qfcﬂwoawgra&}djgeqlgﬁant 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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di ssol ving ozone 31 and ozone is dissolved. The apparatus for dissolving
ozone is not particularly limted. Exanples of the apparatigsodioer 2003

di ssol ving ozone include a nodule of a gas transm ssion nenbrane which 1is
made of fluororesin and resistant to ozone, an ejector, an apparatus for
sucki ng a gas containing ozone such as a punp for dissolving a gas and a
bubbl i ng' appar at us. Anong these apparatuses, the ejector is preferable due
to easiness of the operation. Dissolution of ozone can be pronoted by

di sposing an_inline mxer at the downstreamof the ejector so that fine
bubbl es and therlimud asedmansporépd arotheclongtlistansariatthe dooditdosoftheng a gas
is used as the_ apparatus for, dissglving ozone, the condition of a gas-

li qui d neasdiaaud npdnpe and the gasdiauid seprratinp & senduetedoatopedlage a gas

bubbl e5 RS 46 BB AEE BFoc PBIGtANGS A QUL BPR A BP033Res! he

cui 1 abl cOMSEU: DR T L uh, e L BPOLALieR Jhablobine Wekeee | ©
t |1aul i 193 ' f t [

" ner oaseatieBTskeE AERA Y Abobfbdsibn bEG TP NPRT BAUBVRY Db o5

by conbi i L : el 1 - 2 qUA ation.
ovever , Canct FRoReR ol M RO o e i S TR B 0.

separ at echd r erarapeRtatdier iPY tite | RKitiont AICRhel tgdsSlihil emdret fat the gas
16 15 October 2003 and the liquid are transported for the |long distance in

the condadvatapeoubesing@shé i diitréadddXhiiotindnsl bishedas shipfllonflesiRdabation is
conducted at a place close to the point of use. The spontaneous
" deconposotomendiztolyedrintd thewat@t from the sanphesd.ent during the
transportation for the |ong distance_ although substances pronoting
deconposi t i onThe wpoaecnavatasamedrisnihecappartus hfthppresemédnsentidonnposi ti on
of ozone. is suppressed. Therefore, the transportation in the condition of
the gas- 15 Bob @aptigularly lisnited. 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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advant ageous since the decreased anount of ozone is supplenented by ozone
di ssolved into the water fromthe gas phase. The ozone gengr&isyer966s 1 n

t he apparatus of the present invention is not particularly limted.
Exanpl es of the ozone generator include an apparatus for generating a

m xed gas of ozone and oxygen gas by electrolysis of water and an
apparatus for generating a m xed gas of ozone and oxygen gas by silent

di scharge or creeping discharge using oxygen gas as the material. For
obtaining a high purity water containing dissolved ozone, it is preferable
that. a fiandpolphofcmAinkaRgRg the paneandraidon pf; Hessolred ogene.aiihildg ozone

o et B B MEREL S e A Br e oo
jent  34. . f hem _cal 5 di d. i;nlet f

0ot s Bebomad SOERHE GOBRE TS e e AR 1 °
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With a i pghind8s S'GRea31IUIL M OYRM I AnIHdnPA 358d gqe% EoHGa IR the punp

for a chemcal agent. The deconposition of diss ozone can - be

suppr essBgdRkideC! Ths fehdadtRitiddlof QHESIIVAD Rbndnad@ighl & oMe thged? 15
Oct ober 2003 standpoi nt of naintaining the concentration of dissolved

ozone, i tonthinfigelBtakkd dzbae peodudedl by usigutindagiaiaias opshe passeft t he
apparatus for dissolving ozone. The cleaning effect of the water

cont ai ni myatitieotarde measereshby bemeadanng dnbiyrumarte? idigposet] by the

i ntroduction of an alkali. Exanples of the alkali include anmonia and

"t et r amret hyiagronlen dyalityx od etheTReaten reoatairdng odiseplveids eodne danzbre and pH
of the water _containing dissolved ozpone produced by using the apparatus of
the presesrtrollpd bt adinshag the arpauny ebithsyges errainingpzons suprbisd t96

d sposedﬂllen lhzt.]reapure 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
I;esistant 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
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pi ping. The quality of the water containing dissolved ozone can be
controlled by adjusting the anount of the gas containing Q& syRBHEEd tO
the ultrapure water and the anmount of the introduced chem cal agents based
on the concentration of dissolved ozone and pH obtai ned by the

measurenent. In the apparatus of the present invention, it is preferable
that portions contacting |liquids and portions contacting gases of the
apparatus for dissolving ozone and the apparatuses at the downstream are
constituted with a nmaterial resistant to ozone. Exanples of the materi al
resi st anwater.ozbhrreforel the presovney ofithe, supmiedz ulidpree atatehasambet he
surface jn the passive state. Figure 4 shows_a flow di agram of an

enbodi mekePigonskgnt ﬁEGIbP‘iLa‘l%ther wredsumenpt o ulirepupriFatoRYaYiess t he

f th ' ion. | h di : k of
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o 1onini . - ! i
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pressure of the supplied ultrapure water ept constant even when

t he usedegdiuiipe Wisini il FBRUILoMRIrEIs M_@:éj_-@S. Figure 5 show a fl ow di agram of
an enbodi ment of (B) the catalytic reaction portion of the apparatus of

the present i Fygentel 6nshdw 4 flow kserim «fnbestihee dmbaediaedntrof (B thacki ng
"With a catalyst 29 is packed with a resin supporting palladium 39, a
T cation esatiadyije reaciion 40rtind efnthenapparatxshefngde pessent4tventiohi s Iar der as
| ayers. Figure 6 show a flow di agram of another enbodi nent of (B) the
cat al yt i the persens eupmdimemtothe erduapp foranacking witle apredebist compeireison. |1 n
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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the present enbodi nent, the columm for packing with a catalyst conprises a
col um packed with a resin supporting palladium 42 and a qglgdighepboas m xed
bed 43 containing a cation exchange resin and an ani on exchange resin. The
two columms are connected in series in this order. Figure 7 shows a flow

di agram of an enbodi ment of (D) the apparatus for dissolving ozone of the
apparatus of the present invention. |In the present enbodi nent, ultrapure
wat er and a gas contai ning ozone directly contact each other at an ejector

44 and the ,gas contai ning. ozone is ispersed in ultrapure water as fine
bubbl s T A ST emhpdisnent a modulePha 45 wpneRissan mymbere thqui d

i f i . di | uti f d h ,of
bubbl eo BRI Wik B el s ics mRdnhitie T aads ok gzjﬂ%B?’%égt\éwﬁngLf)ceeds
dfi - : : | . .
The gao Fosishaftet D RoWEes 36 afCERL DEHLAUALD ohond 8 MR Bl D or s

and wal eqaaghat Watly ShirRaf oA2095:H0L80, dREMLIRe G9NL A1 N bubb) es can be

obtained. Figure 8 shows a flo agram of anot her enbodi nent of (D) the

appar at us for idi $56! ¥boee 0ZABEdRheRIie ARPAPRtLSwafer! RRoBLESEN ighwent i on.
19 15 October 2003 In the present enbodi ment, a nodul'e of a gas

t ransm sapparaebfoznerodcirgg ulipppdrovvidtea igz;sastsécamhﬁm%}i @he RGEIyaREe 47 nmade
of a fluororesin and resistant to ozone is used and the gas contai ni ng

ozone i srehcsol pertiomidispasetratpilreeupsitreamt of theghppamatga ot dassebving on
menbrane 47. In the above enbodi nents, ultrapure water produced in the
appar at uszérg apfcbstanrces| Rroamiizg decanpositivasefoszonkeranegremdwedcatlal yti c
reaction portion disposed at.  the upstream of the apparatus for dissolving
" gzone an %W&ﬁ&@vﬁﬁmtiﬁglﬁéé&%éﬁ tihat bhe gthsbanges peomobidg 1n  the
present i,nvention, it,is sufficient that the substances prgiangti n

deconpos PEFUAPBFLLIORMOZ0ME 35 Doy REESARE iR YiFnapase meated sepPEaarithe to t he

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. Therefore, the catalytic reaction portion
may be di sposed within the apparatus for produci ng ultrapuseosietes 200s
anot her enbodi nent of the present invention, in an apparatus for producing
wat er contai ni ng di ssolved ozone in which ultrapure water produced in an
apparatus for producing ultrapure water having an apparatus for
irradiating with ultraviolet light is supplied to an apparatus for

di ssol ving ozone via a piping for supplying ultrapure water and ozone is

di | ved i h I . | yti ' i '
i aposed b bt sttt Rk Rut® o ibps ity GbRFtam SR RGP A
| t i ol L ght ! 4 | | . bs di d.at the d t
of 't ho caPnryt R for ifadaling b AR ERBRCHUR: o, S RBREEh: bBdoicacr bed
e cafaryy for't1'o; _ °bd%Besor i by
o agr ams oo G s, PR WePyel BbR TP LR SR 2R R (i wni ch

a catal yehfalyfiaCréRRiROPdrédn 20d g 4i | 4N tREP b gpgsed as
subsyst ens. ?ﬁ t he 2%) 1? Cr)ct (I)lber 500382%%1i%e§?95ﬁ2%ﬁ?ﬁa§9€¢ gﬁg( a), in

an or di napyasafigyfet ffaddam ¢ sty udtitavidaAi @it .f OPrind£130hdle WatH ikh
ultraviolet light 21, "an apparatus for ion exchange of the m xed bed type
22 and amradiatefli imitlatniloavagparlaghts 12 Theaappataahyt for freadidtdine peithi on 29 is
di sposed at the downstream of the apparatus for irradiating with
ul travi obdraviadet light 23 andriptmdueedantr the catalytidi wnetioni portidit 28vi ol et
light in the[ﬁfpparatus for irradiating with ultraviolet light 21 and
i nt r oducBacked owite amt axifetionrreduction gatalyshn tee pppawsduni for don
oxi dati on-reducti catal yst, the apparatus f i an exchange of the m xed
“bed t ype®3%ange ehibe mixedbad type %%aa«%ﬁﬁ? &i‘iﬁ‘gﬁiz@aaﬁa apparapif &3 aader is
obt ai ned, ;| n_accordance w t.h thi rocess, even en substances pronoting
deconpos PIYCARUEY WaPEH &S gﬁtalf%ﬁ&‘rmiu %ﬁicqrﬁf"gﬂ? §‘f1ﬁ6 ﬁm]s 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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with ultraviolet light in the apparatus for irradiating with ultraviol et
light 21, such substances are renoved in the catal ytic rd8gcdisherpoosi on 29
at the downstream of the apparatus for irradiating with ultraviolet |ight.
Even when fine particles derived fromthe catalyst or the ion exchange
resins are formed, such fine particles are renove by the ultrafiltration
apparatus 23 at the final stage of the subsystem In this nmanner,
ultrapure water which does not contain substances pronoting deconposition
of ozone i s supplied fromthe subsystemto the apparatus for dissolving
ozone 31With agaxidafnendradwetion ertalystctilc Srimarpuappeater dsiradiajeder at i ng

ozone 32 i,slb i ssolved jnto the ultrapyre water in the apparatus_for
di ssol vi gt aviplet Hght Y pBranpssaisiorgrendiatngemtb Adtravielep lighticed.

Fi 9 .sh fl di f anoth nbodi t,of th t
Fraure 96E) iaiRed Wt SAamel oL by bl Tent, 0f Lheq BRREr Al US
apparat a g PERURR: ARG e orRaly iRy S PR At ORs Stk By 15

N @ b K . - - _ - t ) - t -
ir £ gdie;t eg 5 \(/:\nwt%{bu?{g? ga\jlli gggﬁ%ﬁ;&aﬁ#@% a%?p‘?re é?%dsﬁ?oarrflh%trgaﬁﬁ}l kﬁ?ﬁrﬂg th ﬁr_ o
ul travi ohghald@f 23 Zhd WHrEREKE GfhibRlS dHIEIRAAPARGUS QhrhAlilnEXFRARIe resin

of the mXxed be type, brought into contact wt on-reduction

cat al yst pAucesluiy o6t Qﬁphﬁhﬁl@efoﬁ??ﬁﬁﬂﬁ%g@zdﬂeegﬂrI_@”(h'S@(ﬂ%& riggé eleby an
ultrafiltration apparatus 23 and ultrapure water is obtained. A gas

cont ai ni nitrapare wateadin echd mapparappafal Wisdodvingedesd i 310 QEbReaid2 i S

di ssolved into the wultrapure water in the apparatus for dissolving ozone

31 and weemtainigndssoived cdbre a$ pealwwedne i s produced. Between the

‘enbodi ments shown in Figures 9(a) and 9(b), the enbodi nent shown in Figure

9(b) in whi chBetween tha ieanbodiments othoveatial yigurasd Hdeandn9@)cithage resin

For e it *shown 35 (Figure 909 in which the 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 résin. 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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same colum .is nore preferable since it is not necessary that the col um
packed with the catalyst is separately disposed. \Wen t he 160dgistisr Q063
reduction catal yst and the ion exchange resin for renoving ions are placed
into the . same columm, the oxidation-reduction catalyst may be pl aced
above the ion exchange resin as shown in Figure 9(b) or below the ion
exchange resin. The oxidation-reduction catalyst and the i on exchange
resin may al so be placed into the colum as a mixture. In the apparatus of
t he enbodi nents shown in Figures 9(a) and 9(b) in which the

ul trafi | BHgepyse appteratiuyery smebosmpuats tared dowmote rdsoongiosititre afeact i on
portion packed with the oxidation-reduction catalyst, fine particles can
be capt uPERSALE F%ﬂ%@ag eperfiles & hich may be fonmeed Sione ghe puom.t he

oxi dation-reduction catal yst. By.using,the apparatus for producing water
cont ai ni ecﬁe§’§bls\‘}880%6’2%réleo?a tp?”gg 108, EFehadige LeHEE Heedlsthi ch are

contai ned in. .22 1h,0ctober,.2003 ultra e water, in very snmall anmuynts and
pronot e 5%%&8%%& ?PSﬁefgfe’ t&o&%crﬁ?%e F@%@é&%ﬁ%@ﬁ?& \Ea R ’@ssr%ﬁﬁch may be
- f df t €81 i h | yst dt i

o | EPB e e EBFRELD SUBRALL 0ol NS GARRRYRLATRA Lok
concent r gidiaRcOhnAZOMeeh HuSIRY |wat%¥%8n‘ém§ﬂh%"g%§gh%ﬁr§%@ Wilic H8¢ Lved ozone

is transported for a long distance an y water containi ng

di ssol vegrozofeidihL fratidnaof 87aat disivédaln Waaet 29 QbeLaBNRAiAR0! ved in
wat er and does not contain ions or fine particles can be obtained.

EXAMPLESioniher fine panticlaswamt boobtihéd.be descri bed nore specifically with
reference to exanples in the foll owi ng. However, the present invention is
ot limted to the exanples. Conparative Exanple 1
| 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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I n accordance with a conventional process using a subsystem equipped with
an apparatus for irradiating with ultraviolet |ight, a colGictober 200H
exchange resins of the m xed bed type and an ultrafiltration apparatus, 10
MB/ hour of primary pure water having a concentration of TOC of 2.0
ug/liter was treated and ultrapure water having a concentration of TOC of
0.5 Vg/liter was obtained. In the used apparatus, the apparatus for
irradiation with ultraviolet |ight [manufactured by N PPON PHOTOSCI ENCE
Co., Ltd,; AUV-4800TC] had 24 ultraviolet  light |lanps and the total
consunpt £8n leid; 220A] prd pfnditergnef & gimpnglye acidit eationf exchangrcresige resi ns

f th 1 xed dt dwih it f t |y basi i
exchangel RERr T HAILPE AMARE - OARSBIChS Ot ober 2003 Coo, Ltd: S5OA]
d351it f t I i.dic.cati h i fact db
BovEx o, Lt §56 debytiipbed it ihka At o B S WA HREUGEY 1 e/ hour
as. usedy{oci B QE! RMURLSI: BAMIBLELOGALBAENSh asaRR AL gh & D anched

pi pi ng. gas tontal ni ng ozéne Whi ¢h Was™ prepared from oxygerr gds by

si | ent ?&é%ﬁ %r:n[lﬁéldo Al IHRERCHAL eip%'i‘e%frg O’bgcpz%%?lgé’sqf ileftan amount

of 125 Titers I ch corresponds“to zoné, was supplied

to the giskhamy SnWalAl al deabraAbiEbeeiSie 8Nd60AEHEIS fDRhaiMbaat fssol ved
ozone was prepared. A sanple of water containing dissolved ozone was taken

from t hel®s pitegs/heiir,t whidpedrresihntl & 20 Plheunohgzdtics swhy edppliedecat  a
position separated fromthe ejector by 50 m The concentration of ozone in
t he sanpthe whtrageas uwetbratid-oighnantgjedtor Samd) ratieerconEamripk edissdlvedsane
procedures as those conducted in Conparative Exanple 1 were conducted
except t dromeswiaist prepavéd.anAastinopleest atepe cortsiining. g pselviedgozorss wpswei ght  of
pal | adi um was _pl aced in the uppernost portion of the_.

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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colum of ion exchange resins of the m xed bed type. The thickness of the

| ayer of the resin supporting palladiumwas 5% of the thi déGsshepD00he

| ayer of the ion exchange resins. The concentration of TOC of the obtained
ultrapure water was 0.5 g/liter, which was the sanme as that in Conparative
Exanple 1. The concentration of ozone in water containing dissolved ozone
whi ch was, taken at a position separated fromthe ejector by 50 mwas 9
ng/liter. Exanple 2 24 16 Oct ober 2003 The sane procedures as those

ducted i ti le 1 d t that I
packed vt h 1 ERCRmGPHREVSR B BRSE AT LSt FOSUFRAETEARamPEy Luel gnt of
| 1 adi i h t hat dy i le 1 .
Gt rari | el GAdBRd BFedtBhary bolBa Batked natBon S Bhtef Rienr anch
i nt of Wl . tajned f th
Cubsyst X CReHeRth Mfodet il 19y MG ERTo BANARRM G Sl MAWIBE L
packed Wat Bhibasé®sh ExathpROL Ehﬂgarpﬁlﬂréﬁlﬂfﬁtiéﬁ [p??ﬁ-atﬁé ke lrtlitéépg:\ltsban

apparatus. The concentration of ozone In the wateér containi ssol ved

ozone Wai €he osdsBieaiin % thBdranfR R of IR PRihEiLE $6R3MILEGFithem t he
ejector by 50 mwas 10 ng: /liter. It is shown by the results in

Conpar at ulteafesTpl etean dbbxiaedl o thadsibdyltdma usedhiniu@bidparweiver
cont ai ni ng di ssol ved ozone could be obtained by disposing the col um
packed wExhuidle dniwas @ashedgthnoeghn the upgomn npagadd atithmthe fddnupst ream
of the apparatus for dissolving ozone, bringing the ultrapure water into
cont act SREPPrtine patlafivax emdride uliradiliratippapparadugal | adi um and filtering
the ultrapure ter passed through the catalytic reaction partion using
the filtrati oﬂ‘n’gﬁﬁgﬁ%%ﬁ@w A0RE e Ge% Peptagping, dissolvediarengat er

‘cont ai ni ng.di ssol ved ozone was .
Which Wan 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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suppressed and the residual fraction of ozone was great even after
transportation for a |long distance. | NDUSTRI AL APPLI CABI LHSYOdBybar2008 t he
apparatus for produci ng water contai ning dissolved ozone of the present

i nvention, substances which are contained in the 25 15 Cctober 2003
ultrapure water in very small anpunts and pronote deconposition of o0zone
are renoved and fine particles which nmay be forned fromthe punp, the
resin supporting the catalyst and the ion exchange resins are al so

renoved. Therefore, the decrease ,in the congentration of ozone is snal
even wheRlthaRWre StReRi W NETYisEadl \asmosanm andspremapts, decamppsition péng

di d hi gh | i . Lni ' I whi ch h

g eat T ceREaA TR o e iSO AN e B Boe MEPont ai n

[ ' Lcles. b | Th t _of ired f

or oduci b bap R b EtiEab et bRk A5 ot Tod Py Ebnlt BANE S HE 0t Ober

2003 CLA%é‘ﬁoJedﬁ"{‘%&%%Pé, ‘tﬁef&%][cré’a(s%diﬁ"r}?@ cé{‘ﬁ'éﬁ ltr SO0 %if%izpﬂe ‘1%-. $hQ41yed ozone
which conprises a prping ftor supplying ul'trapure water ‘through which
ul tr apur g lvphed SwatiPLoinld) disERLA! Yldde EAELAGILBAL lGPTh WIHEN 1S
connected with the piping for supplying ultrapure water and in whrch the
ul'trapur @iseah@ ahd Phihalify XN taedaiiinkdidsolosl d2bhORekieHUHd /N
catalyst, (C) a filtration apparatus by which the ultrapure water treated
in the gatal psiduglefratiion gfosdonendissolived tiar @dtanan{ Hoedmappaitains f or

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

di schar gmahsforofimetpraticldst cat bervbdpmedat (Bhe 2motnt ayfwaoat wsghimedpionduci ng

wat er contai ni ng di ssol ved ozone
- producing water containing dissolved ozone can be decreased.
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according to Caim1, wherein the ultrapure water supplied through the

pi ping for supplying ultrapure water is ultrapure water priédutssbri2008n
apparatus for producing ultrapure water which is equi pped with an'
apparatus for irradiating with ultraviolet light. 3. An apparatus for
produci ng wat er containing dissolved ozone according to Claim1l, wherein
t he oxi dation-reduction catalyst is a catalyst containing supported

pal | adium 4. An apparatus for produci ng water containing dissolved ozone
according to Caim1, wherein the @WE‘Q' Cc reaction portion is a colum
packed with the catalyst. 27 15 Cc 003 5. An apparatus for producing
wat er cont ai ni ng di ssol ved ozone according to Caim1l1, wherein the
filtration apparatus is an apparatus equipped with an ultrafiltration

o at ol £ 48 . ' ' ape. 6. A
oar o 4 SRR Ao soRBISE e BRRE Sl RS (&
daim 1, i , ; o ! : ‘
L el b A A L L S

di SOl Vedlfagge Whed: i€ GEPpIiSES B FRARARIHS rbAlidH GHIELATAMiLE aRUT e wat er

which is equipped wth an apparatus for irradiating w ultraviol et
light, aronppaedtwishfthe piglssrdnplpaeneltidpul WhAtGZane ih SvidcRgakved into
the ultrapure water produced in the apparatus for producing ultrapure

wat er analiraparal waiter isechoivght oot icontadsi etith sapackiddtiohtiedaBtion

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

i rradi at catplykt, KCY htfilsxatidreappagitts Aydvhichehapdraturs Water drsstetvinng ozone.
8. An apparatus for producing water containing dissolved ozone according
to O ai mthe cabrdyer reasiionpontian wrifilteradcand (Dran apperatus far disselving

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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cont ai ni ng supported palladium 9. An apparatus for produci ng water

cont ai ni ng di ssol ved ozone according to Caim?7, whereinibltauwer093ic
reaction portion is a colum packed with the catalyst. 28 15 Cctober 2003
10. An apparatus for producing water containing dissolved ozone according
to Caim?7, wherein the apparatus for dissolving ozone is an apparatus
equi pped with an ejector. '11. An apparatus for produci ng water contai ning
di ssol ved ozone according to Caim4, wherein the colum packed with the
catalyst _is [further packed with in exchange resins in, conbination with the
oxi dat i of=r ed\d:bt?}a)ﬁ’la’@gflﬁl ?‘%rt PIPOUCIRE W BERTA QR dIGING  Bifiselved \arome

exchange Pt HERD LAY e et chP Ui ok e vire ™ He 20a RPY AN the
filtrati ' ' wat t ai ni
i ssol veaegRRd Pitken biva SReARDRAE L LOISRNRRopIREA & (7 (e

cat al ys"a%‘évefé&&é@&ési@%é&ﬁﬂréﬂ?é.h ion exchange resins in conbination wth
the oxidation-reduction catalyst. 14. An apparatus for produci ng water

cont ai ni ng di ssol ved ozone according to Claim9, wherein a colum for ion
exchange is disposed between the colum packed with the catal yst and the

filtrati6n apparapperatd® fABPIBAGEAN wRRAT aonsaindhg PARAIRISAD LS
cont ai ni ng di ssol ved ozone which conprises (A a piping for supplying
ul t r apur ecesatizrg thrGlagim \Ihivdierein thampparaate for disoprhigeshoneB)s ancat al yti c
reaction portion which is
apparatus equipped with an ejector.

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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connected with the piping for supplying ultrapure water and in which the
ultrapure water is brought into contact with an oxi dati on-16dathatiar @303
catalyst, (C) a filtration apparatus by which the ultrapure water treated
in the catalytic reaction portion is filtered and (D) an apparatus for
di ssolving ozone in which ozone is dissolved into the ultrapure water

di scharged from the filtratign apparatus; and an apparatus for producing
wat er cont ai nthg At SRPRYERS oI BINCEI® TTAIRY | cortainine, fipaplyed sozoge

produci ng ul tfapuy. ekt i j i i r s.far
irradiating. i Cﬁr‘{dﬁ?r aw%fnel\t,\ﬂ ﬁ?%ljﬁ?ﬂ, aﬁ%“"‘ﬁ%%%}“ﬁ %02 @gsrowgsog{"\yﬁ ﬁsga?izone in
whi ch ozone i gpHrae@) sppddl With A& ejadtdr. apure water produced in the
apparatus for producing ultrapure water and a catalytic reaction portion

whi ch is packed with an oxidation- reduction catalyst and di sposed between
t he apparatus for irradiating wwth wultraviolet |ight and the apparatus for

dissolving ozene. AMbaiRREes i RRBhc: dRABIMARIALAR Alaftoncoplilch are

contained in ultrapure water 1n°very sm anounts are renoved and water
contai ni ng di scokdied ©z0m wWhintbrahahe dolurhh padked edae the) chitadyst is
concentration of ozone and has a great residual fraction of ozone
di ssol ved in fatker afecked tWiths por texehanigef aesins | ion gombingtigncwitdharthse

obt ai ned. oxidation-reduction catalyst.

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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