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(57) ABSTRACT 

A method for purifying Water characterized in that a cham 
ber is separated by a diaphragm into an anode section and a 
cathode section, a voltage is applied betWeen the anode and 
the cathode While an oxygen-containing gas is supplied to 
the cathode section so as to generate a hypohaloric acid and 
hydrogen peroxide in the anode and cathode sections, 
respectively, and the Water to be treated is ?rst supplied to 
the anode section to be contacted With the hypohaloric acid 
and is then introduced to the cathode section to be contacted 
With the hydrogen peroxide. 
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METHOD AND APPARATUS FOR PURIFICATION 
TREATMENT OF WATER 

TECHNICAL FIELD 

[0001] The present invention relates to a novel method and 
apparatus for puri?cation treatment of Water, and more 
particularly to a method and apparatus Which can provide 
steriliZation/cleaning, disinfection, and decoloration of 
Water and Which are human-friendly and free from the 
pollution of the environment. 

BACKGROUND ART 

[0002] Various plants such as petrochemical- and chemi 
cal-plants and thermal/nuclear poWer stations need a large 
amount of industrial Water for cooling the heat exchangers, 
condensers, drain systems and the like. HoWever, many 
troubles caused by slimes due to microbial pollution have 
occurred, resulting in various harmful effects. 

[0003] Other than industrial tap Water, main sources of 
industrial Water are sea Water, lake Water, river Water, and 
ground Water. Microbes in such industrial Waters adsorb to 
Walls and piping of Watering facilities and secrete a large 
quantity of adhesive substances, resulting in the formation 
of slime layer Where microbes breed and form a skin. Such 
slime layers and microbe skin bring disadvantages such as 
the decrease of the thermal exchange rate upon cooling and 
the clogging of the strainer by peeled-off slime. 

[0004] Furthermore, in the case of using sea Water, large 
ocean living things such as barnacles, mussels, oysters or the 
like absorb over microbe skin and possibly breed and groW 
there, causing the clogging of the piping. HoWever, currently 
there is nothing to do but scraping off these living things 
using manpoWer regularly. 

[0005] In the case of using sea Water or a mixed Water of 
sea Water and fresh Water in an aquarium, a sea Water 

sWimming pool, or a cultivation farm, or for an aquaculture, 
it is desired that the Water is subjected to steriliZation and 
cleaning treatment beforehand. In order to preventing 
unWanted bacteria from breeding in the storage tank, it is 
also desired that the tank is regularly or constantly subjected 
to steriliZation and cleaning treatment. 

[0006] Furthermore, Washing Water for medical tools is 
indispensably steriliZed and cleaned. Among such tools, 
medical forceps and scissors, and dentures are required to be 
Washed With a detergent having a strong Washing poWer 
because physical cleaning can not Wash suf?ciently to the 
extent of narroW spaces betWeen the parts of the tools. 

[0007] Various methods for steriliZing and cleaning such 
Water have been put into practice. A ?rst measure may be 
exempli?ed by a method in Which a chemical agent con 
taining hypochlorus acid or hypobromous acid is added to 
the Water to be treated. A method is also knoWn in Which 
Without using such a chemical agent, the Water to be treated 
is directly electrolyZed so as to form the oxide of a 
hypochlorus acid or the like, as disclosed in Japanese Patent 
Laid-Open Nos. 56-68454, 10-300367, and 4-330986. 

[0008] HoWever, in the case of forming the oxide of a 
hypochlorus acid or the like by electrolysis, the hypochlorus 
acid may remain in the Water to be treated. If the concen 
tration of the remaining hypochlorus acid is high, it leads to 
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a problem of secondary pollution. Particularly, in the case of 
electrolyZing sea Water, trihalomethanes or aromatic organic 
chlorine compounds are accidentally produced if some 
organic creatures in the sea Water are reacted With the 
hypochlorus acid. 

[0009] Therefore, in the case of applying this method to 
Water for aquiculture, there is a risk of bringing the death of 
bred creatures such as ?sh. If the treated Water contacts With 
or is taken into the human body, it adversely affects the 
human in terms of safety by bringing thereto diseases such 
as cancer. 

[0010] Since the medical tools subjected to steriliZation/ 
cleaning using a hypochlorus acid can not be put in use as 
they are, it is a common practice to rinse the tools using a 
large quantity of sterile physiological saline. HoWever, there 
are problems that such process conducted after the steril 
iZation/cleaning makes it dif?cult to keep the tools in sterile 
conditions and the process itself is bothersome. 

[0011] As a second measure, there are methods using 
ultraviolet radiation or heat treatment. HoWever, these meth 
ods have also problems that it is dif?cult to steriliZe and 
clean the Water to be treated completely and the cost Will be 
higher if the amount of the Water is increased, leading to the 
necessity of a large-scale apparatus. 

[0012] As a third measure, there have been proposed 
steriliZation/cleaning methods by oZone-treatment as dis 
closed in Japanese Patent Laid-Open Publication Nos. 
8-80493 and 7-210481. HoWever, needless to mention, these 
methods have not only environmental problems that the 
remaining oZone adversely affects the human body and the 
application of these methods to natural sea Water Would 
cause the generation of hypobromous acid Which is 
extremely harmful to the human body, but also economical 
problems that the cost for conducting the methods Will be 
greatly increased. 

[0013] The present invention Was made in vieW of the 
current circumstances and the object of the present invention 
is to provide a method and apparatus Which can sterile and 
clean sea Water, lake Water, river Water, ground Water and 
industrial Water effectively Without causing the pollution of 
the environment. 

DISCLOSURE OF THE INVENTION 

[0014] It is knoWn that When metal electrodes are 
immersed into Water containing a halogen ion, folloWed by 
the application of a direct voltage, a hypohaloric acid is 
generated from the anode resulting from the folloWing 
reaction mechanism: 

[0016] Whereas, it is also knoWn that When a direct 
voltage is applied using a carbon electrode as a cathode, the 
folloWing reaction occurs at the surface of the cathode, 
resulting in the generation of hydrogen peroxide ions: 

[0017] Therefore, When a metal electrode used as an anode 
and a carbon electrode are immersed into Water containing 
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a halogen ion, followed by the application of a direct 
voltage, a hypohaloric acid can be generated from the anode 
in accordance With the above reaction formulae (2) and (3) 
and simultaneously hydrogen peroxide ions can be gener 
ated from the cathode in accordance With the reaction 
formula 

[0018] Furthermore, it is also knoWn that in the coexist 
ence of a hypohaloric acid and hydrogen peroxide ions, the 
folloWing reaction is instantly progressed Whereby the hypo 
haloric acid and hydrogen peroxide ions are converted to a 
halogen ion and Water and oxygen, respectively: 

[0019] Next, When oxidation-reduction potentials are 
compared so as to estimate the generation of the electric 
reaction formulae (1), (2), and (4) including cathode reaction 
formula (6) beloW corresponding, to formula (1), the for 
mulae (1), (2), (4), and (6) are directed to have a relationship 
represented by formulae (7), (8), (9) and (10), respectively, 
by Nernst formula (refer to “Electric-Chemical Handbook, 
edited by Electric-Chemical Association), and When an 
electrolysis is carried out at a potential at Which the reaction 
represented by formulae (8) and (9)(9‘) preferentially 
progress, the progress of the reaction of formula (10) 
Wherein a hydrogen gas is generated can be avoided While 
inevitably the reaction of formula (7) progresses: 

[0020] Therefore, in such a case, since the reaction of 
formulae (1) and (2) theoretically progress at the anode side, 
While only the reaction of formula (4) progress at the 
cathode side, stoichiometrically the production of hydrogen 
peroxide alWays exceeds that of a hypohaloric acid. 

[0021] It Was found by the present inventors that Water can 
be puri?ed by a method Wherein an anode and a cathode is 
separated by a diaphragm and tWo conduits are provided 
such that a hypohaloric acid is generated from the anode and 
the remaining hypohaloric acid after steriliZation, cleaning, 
disinfection, and decoloration is electrolyZed by hydrogen 
peroxide generated form the cathode. 

[0022] That is, according to a ?rst aspect of the present 
invention, there is provided a method for purifying Water 
Wherein a chamber is partitioned into an anode section and 
a cathode section by a diaphragm, a voltage is applied 
betWeen the anode and the cathode While an oxygen-con 
taining gas is supplied to the cathode section so as to 
generate a hypohaloric acid and hydrogen peroxide in the 
anode section and the cathode section, respectively, and the 
Water to be treated is ?rst supplied to the anode section to be 
contacted With the hypohaloric acid and is then introduced 
to the cathode section to be contacted With hydrogen per 
oxide. 

[0023] According to a second aspect of the present inven 
tion, there is provided a method for purifying Water Wherein 
a chamber is partitioned into an anode section and a cathode 
section by a diaphragm, a voltage is applied betWeen the 
anode and the cathode While an oxygen-containing gas is 
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supplied to the cathode section so as to generate a hypoha 
loric acid and hydrogen peroxide in the anode section and 
the cathode section, respectively, and the Water to be treated 
Which has been supplied to the anode section so as to be 
contacted With the hypohaloric acid is mixed With the Water 
to be treated Which has been supplied to the cathode section 
to be contacted With the hydrogen peroxide. 

[0024] According to a third aspect of the present inven 
tion, there is provided a method for purifying Water Wherein 
a chamber is partitioned into an anode section and a cathode 
section by a diaphragm, a voltage is applied to betWeen the 
anode and the cathode While an oxygen-containing gas is 
supplied to the cathode section so as to generate a hypoha 
loric acid and hydrogen peroxide in the anode section and 
the cathode section, respectively, and the Water to be treated 
Which has been supplied to the anode section so as to be 
contacted With the hypohaloric acid is mixed With part of the 
Water to be treated Which has been supplied to the cathode 
section to be contacted With the hydrogen peroxide, fol 
loWed by supplying the mixture to the cathode section again. 

[0025] In the puri?cation method according to the ?rst, 
second, and third aspect of the present invention, it is 
preferred that a carbon electrode is used as the cathode, a 
metal electrode is used as the anode, and a voltage of 1.5V 
or higher and 20V or loWer is applied therebetWeen. 

[0026] In the puri?cation method according to the ?rst, 
second, and third aspect of the present invention, the Water 
to be treated contains preferably a halogen ion in an amount 
of 0.1 to 1 mol/l. 

[0027] According to a forth aspect of the present inven 
tion, there is provided an apparatus for purifying Water 
Which comprises a chamber separated by a partition at least 
part of Which is formed by a diaphragm, into an anode 
section provided therein With one or more anodes generating 
a hypohaloric acid by the application of a voltage and into 
a cathode section provided therein With one or more cath 
odes generating a hydrogen peroxide by the application of a 
voltage Wherein the anode section is provided With a sup 
plying tube for supplying the Water to be treated thereto and 
an introducing pipe for introducing the Water treated in the 
anode section to the cathode section and the cathode section 
is provided With a supplying pipe for supplying thereto an 
oxygen-containing gas and a discharging pipe for discharg 
ing the Water treated in the cathode section. 

[0028] According to a ?fth aspect of the present invention, 
there is provided an apparatus for purifying Water Which 
comprises a chamber separated by a partition at least part of 
Which is formed by a diaphragm, into an anode section 
provided therein With one or more anodes generating a 
hypohaloric acid by the application of a voltage and into a 
cathode section provided therein With one or more cathodes 
generating a hydrogen peroxide by the application of a 
voltage Wherein the anode section is provided With a sup 
plying pipe for supplying the Water to be treated to the anode 
section and a discharging pipe for discharging the Water 
treated in the anode section and the cathode section is 
provided With a supplying pipe for supplying the Water to be 
treated to the cathode section, a supplying pipe for supplying 
an oxygen-containing gas to the cathode section, and a 
discharging pipe for discharging the Water treated in the 
cathode section; and the discharging pipes of the anode and 
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cathode sections are connected With a mixing bath provided 
With a discharging pipe for discharging the Water puri?ed in 
the bath. 

[0029] According to a sixth aspect of the present inven 
tion, there is provided an apparatus for purifying Water 
which comprises a chamber separated by a partition at least 
part of Which is formed by a diaphragm, into an anode 
section provided therein With one or more anodes generating 
a hypohaloric acid by the application of a voltage and into 
a cathode section provided therein With one or more cath 
odes generating a hydrogen peroxide by the application of a 
voltage Wherein the anode section is provided With a sup 
plying pipe for supplying the Water to be treated to the anode 
section and a discharging pipe for discharging the Water 
treated in the anode section and the cathode section is 
provided With a supplying pipe for supplying the Water to be 
treated to the cathode section, a supplying pipe for supplying 
an oxygen-containing gas to the cathode section, and tWo 
discharging pipes for discharging the Water treated in the 
cathode section; and the discharging pipe of the anode 
section is connected With one of the tWo discharging pipes 
of the cathode section and further connected With the 
supplying pipe for supplying the Water to be treated into the 
cathode section. 

[0030] In the apparatus according to the forth, ?fth, and 
sixth aspects of the present invention, a halogen ion adding 
bath is preferably arranged in the prior stage of the appara 
tus. 

[0031] As described above, in the ?rst method of the 
present invention, a chamber is separated by a diaphragm 
into an anode section and a cathode section, a voltage is 
applied betWeen the anode and the cathode While an oxygen 
containing gas is supplied so as to generate a hypohaloric 
acid and hydrogen peroxide in the anode section and cathode 
section, respectively, and the Water to be treated is ?rst 
supplied into the anode section and steriliZed and cleaned by 
the hypohaloric acid. The Water treated in the anode section 
is next introduced into the cathode section Where the remain 
ing hypohaloric acid is decomposed by the hydrogen per 
oxide. Therefore, the Water discharged from the cathodic 
section contains no hypohaloric acid and thus Will not 
pollute the environment. 

[0032] In the second method of the present invention, the 
Water to be treated is supplied to the anode section and the 
cathode section, individually such that the Water in the 
anodic section is steriliZed and cleaned With the hypohaloric 
acid and the Water in the cathode section is steriliZed and 
cleaned With hydrogen peroxide. The Water steriliZed and 
cleaned in the anode section and the Water steriliZed and 
cleaned in the cathode section are introduced into the mixing 
bath, respectively Wherein the remaining hypohaloric acid 
after being subjected to the steriliZation and cleaning treat 
rnent is decomposed With the hydrogen peroxide. Therefore, 
the Water discharged from the mixing bath contains no 
hypohaloric acid and thus Will not pollute the environment. 

[0033] Furthermore, in the third method of the present 
invention, the Water to be treated is supplied to the anode 
section and the cathode section, individually such that the 
Water in the anodic section is steriliZed and cleaned With the 
hypohaloric acid and the Water in the cathode section is 
steriliZed and cleaned With hydrogen peroxide. The Water 
steriliZed and cleaned in the anode section is mixed With a 
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part of the Water steriliZed and cleaned in the cathode 
section. Although the remaining hypohaloric acid after being 
subjected to steriliZation and cleaning treatment in the anode 
section is decomposed With hydrogen peroxide, the mixed 
Water is re-introduced into the cathode section thereby 
decornposing the hypohaloric acid completely and further 
maintaining the cleaning effect of the chamber Walls by the 
introduction of the mixed Water for a long period of time. 

[0034] No particular limitation is imposed on the concen 
tration of the halogen ion in the Water to be treated. 
HoWever, in order to maintain a certain extent of steriliZation 
effect, the concentration is preferably 0.01 rnol/L or higher 
and particularly preferably 0.1 rnol/L or higher. In order to 
lessen the load in the apparatus and control the reaction 
easily, the concentration of 1 rnol/L or loWer is preferred. 

[0035] Ahalogen ion adding bath is preferably arranged in 
the prior stage the apparatus so as to adjust the concentration 
of a halogen ion to be in the range. The halogen ion adding 
bath is preferably connected With a supplying line for the 
Water to be treated. 

[0036] The halogen ion is generally supplied as a haloge 
nated alkali such as halogenated sodiurn. 

[0037] The operation mode of apparatuses according to 
the present invention Will be described With reference to the 
annexed draWings. 

[0038] FIG. 1 is a diagrammatic vieW of the chamber of 
an apparatus for purifying Water (also hereinafter referred to 
as a Water-treatment apparatus). FIG. 2 is a cross-sectional 
vieW of the chamber. FIGS. 3 through 5 shoW the structural 
vieW shoWing the operational modes of the Water-treatrnent 
apparatuses. 

[0039] In FIGS. 1 through 5, the numeral 1 indicates a 
Water-treatrnent apparatus for purifying the Water to be 
treated by annihilating the bacteria and virus existing in sea 
Water, lake Water, river Water, ground Water, industrial Water, 
and mixtures thereof. 

[0040] No particular limitation is imposed on the shape of 
the chamber 2 of the Water-treatrnent apparatus 1. Therefore, 
the chamber 2 may be rectangular, polygonal or circular in 
the cross-section. With the objective of being able to treat a 
large amount of the Water, the chamber 2 has preferably a 
pipe-like shape Whose cross section rnaybe circular, rectan 
gular, or polygonal. No particular limitation is imposed on 
the material of the chamber 2 as long as it has insulating 
properties and is free from erosion by sea Water or hydrogen 
peroxide. For example, the chamber 2 is preferably formed 
from a synthetic resin such as polyole?n and polyvinyl 
chloride, glass, a resinous lining rnaterial, titanium, or 
stainless, nickel, or PTFE resin having excellent anti-erosion 
properties. In the case of using a material such as metal 
Which may be decomposed by hydrogen peroxide, a ?lrn 
containing a carbonaceous component or formed from other 
anti-erosive material is formed on the material, i.e., on the 
inner Walls of the chamber. Alternatively, a metal material 
whose interior is treated to be insulated may also be used in 
the present invention. 

[0041] As shoWn in FIGS. 1 and 2, in the ?rst ernbodi 
rnent, the chamber 2 has a pipe-like shape Whose lengthWise 
cross section is rectangular. The chamber 2 is provided on 
one side With an anode 3 and on the opposing side With a 
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cathode 4. No particular limitation is imposed on the shape 
of the anode 3 and cathode 4. However, those in the shape 
of a plate, mesh, or bar are preferably used. For example, 
plate-like (rectangular) dimensionally-stable electrodes are 
used, and these electrodes, i.e., the anode 3 and the cathode 
4 are arranged on the sides of the chamber 2 as shoWn in 
FIG. 1. The anode 3 and the cathode 4 continuously 
extending in the longitudinal direction may be arranged. 
Alternatively, as shoWn in FIG. 1, a plurality of the plate 
like anodes 3 and cathodes 4 each having a certain length 
may be arranged at certain intervals such that the anodes 3 
and the cathodes 4 face each other. 

[0042] The anode 3 generates a hypohaloric acid in the 
Water to be treated by electrolysis and is also a counter 
electrode alloWing the cathode 4 to generate hydrogen 
peroxide. Although not restricted, it is preferred to use metal 
Which is free from elution caused by an electric reaction and 
highly resistant to an oxidation reaction because the elution 
of the anode material Would pollute a diaphragm 5. 

[0043] No particular limitation is imposed on the material 
for the anode as long as it can generate a hypohaloric acid. 
Eligible materials are metals such as platinum, iridium, 
ruthenium, and titanium and oxides thereof Which are loW in 
chlorine overvoltage, are extremely loW in Wear, compared 
With other metals or oxides thereof, and thus can be used for 
a long period of time Without changes. For example, there 
may be used titanium or a titanium alloy substrate having the 
same characteristics as titanium, or electrode materials such 
as niobium or tantalum Whose surfaces are coated With 

ruthenium oxide, palladium oxide, iridium oxide, platinum, 
or a complex of tWo or more thereof. Furthermore, there also 
may be used a metal Web having a large surface area per unit 
area. 

[0044] The cathode 4 is an electrode generating hydrogen 
peroxide by applying a voltage. No particular limitation is 
imposed on the material of the cathode 4 as long as it enables 
dielectric reduction. For example, the cathode material may 
be graphite, a carbon-?ber material, or a porous shapeless 
carbon molded article. Graphite may be those obtained by 
extruding and calcining, embossing and calcining, or CIP 
forming and calcining coke. The carbon-?ber material may 
be a knitted carbon-?ber material Which may be commer 
cially available graphite felt or cloth. Of course, carbon-?ber 
materials other than graphite felt or cloth may be used. 

[0045] The porous shapeless carbon material is a non 
crystalline and substantially non-oriented, i.e., non-anisotro 
pic porous carbon material. Such a material may be exem 
pli?ed by porous shapeless carbon-?bers and porous carbon 
molded articles. 

[0046] The porous carbon ?ber material may be obtained 
by the folloWing manner. A novolak-type phenol resin is 
melt-spun and then heat-treated With formalin thereby 
obtaining a non-crystalline and non-oriented phenol ?ber 
Wherein a three-dimensional cross-linking is formed. This 
phenol ?ber is anti-?ammable, heat-resistant, and chemical 
resistant and thus if heated, is carboniZed With maintaining 
the shape thereby obtaining a carbon ?ber With a shapeless 
structure Which is high in the carbon content. The phenol 
?ber is free from melting or contraction. Therefore, the 
carboniZation of the ?ber after being processed to be felt or 
cloth can produce a shapeless carbon ?ber felt or cloth. 
Although this material does not have a crystalline structure 
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Which graphite normally has, it is slightly cross-linked and 
?exible. Therefore, this shapeless glassy carbon, i.e., glass 
like carbon is the most suitable for the electrode. 

[0047] In order to maintain the shape of the porous carbon 
material as the electrode, the material is preferably in 
felt-like or cloth-like shape. The felt or cloth is preferably 
?lled into a frame for holding the electrode such that the 
desired area and thickness can be obtained. The ?lling 
density signi?cantly in?uences the electrolysis ef?ciency. A 
loW ?lling density Would reduce the electrolysis ef?ciency 
because the contact of the electrode With oxygen and the 
Water to be treated is not sufficient. Atoo high ?lling density 
Would reduce the electrolysis ef?ciency because the ?oW of 
oxygen and the Water to be treated is hindered. 

[0048] Avoltage is applied to the anode 3 and the cathode 
4 by being connected to a constant voltage direct current 
source 6. When applying a voltage, the reaction progress 
theoretically With the application of a voltage of 1.5V. 
HoWever, a higher voltage is preferably applied such that the 
generation reactions of a hypohaloric acid and hydrogen 
peroxide progress ef?ciently. HoWever, because a too high 
voltage brings about simultaneously the hydrogen peroxide 
decomposition reaction and the hydrogen generation reac 
tion represented by formula (10) on the cathode, other than 
the hydrogen peroxide generation reaction represented by 
formula (9) and causes the decrease of the hydrogen perox 
ide generation ef?ciency, the voltage varies depending on 
the concentration or ?oW rate of an electrolyte but is selected 
from the range of preferably not exceeding 20 V DC and 
more preferably betWeen 2 to 15 V. For the purpose of 
removing contaminants formed on the surfaces of the elec 
trodes during the operation, an electric control circuit may 
be provided Which circuit reverses automatically the voltage 
betWeen the anode 3 and the cathode 4 every certain period 
and for a certain period. The time periods are preferably for 
5 minutes every 24 hours. 

[0049] The chamber 2 is sectioned by a partition Wall 7 
extending parallel betWeen the plate-like anodes 3 and 
cathodes 4 into an anode section 8 and a cathode section 9. 
A part or the Whole of the partition Wall 7 is formed by a 
diaphragm 5 such that an electric current passes betWeen the 
anode 3 and the cathode 4. 

[0050] No particular limitation is imposed on the material 
of the diaphragm 5 as long as an electric current ?oWs 
betWeen the anode 3 and the cathode 4. Preferred materials 
are electron insulation porous ?lms such as porous ?uoro 
plastics, hydrocarbon resins, and ion-exchange membranes. 
[0051] Speci?c examples of porous ?uoroplastics are 
polyvinylidene ?uoride (PVDF) and polytetra?uoroethylene 
(PTFE). Eligible hydrocarbon resins are those Wherein poly 
ethylene, POVAL (PVA), polyacetylene, cellulose, or poly 
ethylene chloride is used as the base. These bases may be 
copolymeriZed in a suitable ratio. Alternatively, the bases 
may be chemically modi?ed With an additive. 

[0052] Examples of ion-exchange membranes are Na?on 
117, Na?on 350, Na?on 902, and Na?on 961 having a 
sulfonic acid group or a carboxylic acid, all of Which are 
manufactured by Dupont. Ion-exchange membranes can 
prevent each ion generated from the anode or cathode from 
being consumed at the counter electrode side and alloW the 
electrolysis to progress promptly even in the case Where the 
electric conductivity of the electrolyte is loW as is in the 
present invention. 
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[0053] Further alternatively, inorganic materials such as 
glass Wool and asbestos may also be used as the diaphragm. 

[0054] The diaphragm 5 (partition Wall 7) is positioned in 
front of the cathode 4, i.e., betWeen the anode 3 and cathode 
4. No particular limitation is imposed on the space or 
distance betWeen the cathode 4 and the diaphragm 5. HoW 
ever, a narroWer space or distance is better thereby obtaining 
a higher current value. For example, in the case of using a 
porous material such as graphite felt, it may be contacted 
With the cathode. In the case of using a graphite plate so as 
to alloW Water to pass through the space betWeen the 
diaphragm and the electrode, the distance betWeen the 
diaphragm and the cathode is preferably 50 cm or less and 
more preferably 20 cm or less. No particular limitation is 
imposed on the space or distance betWeen the anode 3 and 
the diaphragm 5. HoWever, a narroWer space or distance is 
better thereby obtaining a higher current value. For example, 
in the case of using a mesh-like diaphragm, they may be 
contacted to each other. In the case of using a plate-like 
diaphragm shutting the How of Water completely, the dis 
tance is preferably 0.5 to 50 cm and more preferably 1 to 20 
cm. 

[0055] No particular limitation is imposed on the fastening 
means for the diaphragm 5 (partition Wall 7). For example, 
as shoWn in FIG. 2, the diaphragm may be fastened using 
bolts 10 and nuts 11. Alternatively, the diaphragm may be 
fastened to the chamber 2 at the anode section 8 side using 
fastening means such as screWs, bolts, and nuts. 

[0056] An inlet 12 for introducing the Water to be treated 
and an outlet 13 for discharging the treated Water are 
provided in one and the other end of the anode section 8, 
respectively. An inlet 14 and an outlet 15 are provided in one 
end and the other end of the cathode section 9, respectively. 

[0057] As shoWn in FIG. 3, in the ?rst example of the 
Water-treatment apparatus, a supplying pipe 17 With a pump 
means 16 such a suction pump for supplying the Water to be 
treated is connected to the inlet 12 of the anode section 8, the 
outlet 13 of the anode section is connected to the inlet 14 of 
the cathode section 9 via a conduit 18, and the outlet 15 of 
the cathode section 9 is connected to a discharging pipe 19 
for discharging the treated Water. 

[0058] In the embodiment shoWn in FIG. 3, although the 
flow direction in the anode section 8 is the same as that in 
the cathode section 9, the inlet and outlet of the anode 
section 8 or cathode section 9 may be reversed such that the 
Water ?oWs in the reversed direction. 

[0059] It is preferred to supply oxygen in 0.1 to 1,000 
times (volume ratio) more of the Water to be treated in the 
cathode section 9 so as to effect the generation of hydrogen 
peroxide in the cathode section efficiently. In order that, the 
cathode section is preferably provided With an oxygen 
containing gas supplying means 20. As one example of such 
an oxygen-containing gas supplying means 20, a supplying 
pipe for supplying an oxygen-containing gas from an oxy 
gen-containing gas source 22 via a flow meter 21 to the 
cathode section may be connected to the conduit 18 or 28 
located in the upper stream of the inlet 14, as shoWn in FIG. 
3 through 5. Although not shoWn, as an another example, the 
oxygen-containing gas supplying pipe may be directly con 
nected to the cathode section. 

[0060] The mixing ratio of the Water to be treated and the 
oxygen-containing gas is arbitrary selected. For example, if 
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the oxygen-containing gas is not mixed and if the Water to 
be treated contains remaining dissolved oxygen, it is theo 
retically possible to generate hydrogen peroxide. HoWever, 
the amount of oxygen has a great in?uence on the electroly 
sis efficiency. Therefore, a too less amount of oxygen Would 
fail to achieve suf?cient contact With the electrode and lead 
to poor electrolysis ef?ciency, resulting in the shortage of 
oxygen, i.e., the raW material for generating hydrogen 
peroxide. In such a case, the number of moles of the 
generated hydrogen peroxide Will be less than that of the 
generated hypohaloric acid. A too much amount of the 
oxygen-containing gas from the outer source Would bother 
the How of the electrolyte and thus reduce the electrolysis 
ef?ciency. Therefore, the mixing ratio of the oxygen-con 
taining gas and the Water to be treated is selected such that 
the oxygen-containing gas/the Water to be treated (volume 
ratio) is 0.1 to 1,000 and preferably 1 to 500 thereby making 
it possible to disperse the Water to be treated and supply and 
discharge the Water smoothly and thus to keep the electroly 
sis ef?ciency high. From the vieWpoint that an electrolysis 
can be conducted in a high current ef?ciency also in a high 
current density, it is preferred that the cathode is formed into 
porous and the Water to be treated is sprayed in an average 
droplet siZe of 1 to 100 pm. 

[0061] Speci?c examples of the oxygen-containing gas are 
oxygen, air, or PSA oxygen. The gas is preferably high in the 
oxygen content so as to generate a large amount of hydrogen 
peroxide. From an economic vieWpoint, PSA oxygen is 
preferably used. PSA oxygen can be obtained by absorbing 
nitrogen gas in the air by utiliZing the difference in activity 
With respect to the gas or the molecular sieve effect With the 
use of Zeolite, separating the nitrogen and the oxygen, and 
then taking out only the oxygen gas. In this operation, argon 
in the air remains in the oxygen and the purity thereof is on 
the order of 95 percent. 

[0062] The oxygen-containing gas Which is substantially 
free of carbon dioxide is preferred because the apparatus can 
be operated at a high current efficiency for a long period of 
time. The oxygen-containing gas substantially free of carbon 
dioxide can be prepared by alloWing the raW material gas to 
pass through an alkali aqueous solution. HoWever, With the 
objective of industrial mass-production, the oxygen-contain 
ing gas substantially free of carbon dioxide is preferably 
PSA oxygen obtained by absorbing and removing the nitro 
gen gas from the air and then taking out the oxygen 
fractions. Since carbon dioxide is absorbed and removed 
With the nitrogen, PSA oxygen is substantially free of carbon 
dioxide. With the objective of the sufficient supply of the 
oxygen-containing gas to the Water in the cathode section, 
the pressure of the gas is preferably atmospheric pressure or 
higher. 
[0063] Next, the steriliZation and cleaning of the Water to 
be treated Which is sea Water using the Water-treatment 
apparatus 1 Will be described but the present invention is not 
limited thereto. 

[0064] A direct voltage is applied to the anode 3 and the 
cathode 2 While driving the pump 16. Sea Water is draWn by 
the pump 16 and introduced through the supplying pipe 17 
to the anode section 8. The sea Water is then introduced from 
the anode section 8 via the conduit 18 to the cathode section 
9. 

[0065] By applying a voltage, a hypohaloric acid is gen 
erated from the anode 3. The Water is steriliZed and cleaned 
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by annihilating the bacteria and virus in the sea Water With 
this hypohaloric acid. The sterilized and cleaned sea Water 
(treated Water) is introduced into the cathode section 9 
Where the remaining hypohaloric acid is reduced and 
decomposed by hydrogen peroxide generated from the cath 
ode 4. The sea Water free of the hypohaloric acid is intro 
duced via the discharging pipe 19 to another system. 

[0066] In this Way, sea Water is steriliZed and cleaned in 
the anode section 8 and the hypohaloric acid contributed to 
the steriliZation and cleaning treatment is decomposed by 
hydrogen peroxide in the cathode section 9. Therefore, the 
treated sea Water contains no hypohaloric acid and thus Will 
not pollute the environment. 

[0067] Therefore, the Water-treatment apparatus 1 of the 
present invention is free from any secondary pollution 
caused by the treated Water. Furthermore, the apparatus can 
steriliZe and clean a large quantity of the Water to be treated 
and is highly economical. 

[0068] FIG. 4 shoWs the second example of the apparatus 
of the present invention Which is different from the apparatus 
1 in that the Water to be treated introduced to the anode 
section 8 and the cathode section 9, individually and then 
mixed in a mixing bath 23. The same numerals are ?xed to 
the same parts of the apparatus 1 and the description therefor 
is omitted. 

[0069] As shoWn in FIG. 4, a supplying pipe 24 for the 
Water to be treated is connected to a ?rst supplying pipe 26 
having a pump means 25 such as a suction pump and a 
second supplying pipe 28 having a pump means 27 such as 
a suction pump. The ?rst supplying pipe 26 and the second 
supplying pipe 28 are connected to the inlet 12 of the anode 
section 8 and the inlet 14 of the cathode section 9, respec 
tively. 

[0070] A ?rst conduit 29 is connected at one end to the 
outlet 13 of the anode section 8 and at the other end to the 
mixing bath 23. Asecond conduit 30 is connected at one end 
to the outlet 15 of the cathode section 9 and at the other end 
to the mixing bath 23 Whereby the treated Water from the 
?rst and second conduits ?oWs thereinto and are mixed. 
Alternatively, the mixing bath 23 may be provided With a 
stirring means (not shoWn) for stirring the mixed Water in the 
bath 23. A discharging pipe 31 is connected to the mixing 
bath 23. 

[0071] Although the anode and cathode sections 8, 9 are 
connected via the conduits 29, 30 to the mixing bath 23, 
respectively, the sections 8, 9 may be connected to the 
mixing bath 23 directly Without using the conduits. That is, 
the anode and cathode sections 8, 9 may be constructed 
integrally With the mixing bath 23. 

[0072] In the apparatus constructed as shoWn in FIG. 4, 
the Water to be treated is introduced to the anode section 8 
and the cathode section 9, respectively by the action of the 
pumps 25, 27. The Water to be treated in the anode section 
8 is steriliZed and cleaned by applying a voltage such that the 
bacteria and virus in the Water are annihilated by a hypo 
haloric acid generated from the anode 3. The steriliZed and 
cleaned Water is then introduced via the ?rst conduit 29 to 
the mixing bath 23. 

[0073] On the other hand, the Water to be treated in the 
cathode section 9 is steriliZed and cleaned by applying a 
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voltage such that the bacteria and virus in the Water are 
annihilated by hydrogen peroxide generated from the cath 
ode 4. The steriliZed and cleaned Water is then introduced via 
the second conduit 30 to the mixing bath 23. 

[0074] In the mixing bath, the treated Water introduced 
from the anode and cathode sections 8, 9 is contacted and 
mixed With each other. By mixing the Water, the remaining 
hypohaloric acid contained in the treated Water from the 
anode section 8 is reduced and decomposed With the hydro 
gen peroxide contained in the treated Water from the cathode 
section 9. Furthermore, although the treated Water from the 
cathode section 9 has been steriliZed and cleaned by hydro 
gen peroxide, the bacteria if remaining not steriliZed and 
cleaned by hydrogen peroxide are annihilated by the hypo 
haloric acid contained in the treated Water from the anode 
section 8 thereby effecting the steriliZation and cleaning of 
the treated Water from the cathode section 9 more com 
pletely. 

[0075] The Water free of the hypohaloric acid is intro 
duced via the discharging pipe 31 to another system. 

[0076] In this manner, the Water to be treated is introduced 
to the anode and cathode sections 8, 9 respectively and after 
being steriliZed and cleaned individually there is then intro 
duced to the mixing section 23 Where the hypohaloric acid 
Which has contributed for the steriliZation and cleaning in 
the anode section 9 is decomposed by hydrogen peroxide. 
Since the treated Water contains no hypohaloric acid, it Will 
not pollute the environment. 

[0077] Therefore, the Water-treatment apparatus 1 of the 
present invention Will not cause a secondary pollution and 
can steriliZe and clean a large quantity of the Water to be 
treated and thus is highly economical. 

[0078] FIG. 5 shoWs a third example of the Water-treat 
ment apparatus 1 of the present invention and is different 
from the second example of the apparatus in that after the 
Water to be treated introduced to the anode and cathode 
sections 8, 9 respectively is mixed, the Water is introduced 
to the cathode section 9 again via a returning pipe 40. The 
same numerals are applied to parts Which are the same as 
those of the ?rst example and the descriptions are omitted. 

[0079] As shoWn in FIG. 5, a supplying pipe 24 for the 
Water to be treated is connected to a ?rst supplying pipe 26 
provided With a pump means 25 such as a suction pump and 
to a second supplying pipe 28 provided With a pump means 
27 such as a suction pump. The ?rst supplying pipe 26 is 
connected to the inlet 12 of an anode section 8, While the 
second supplying pipe 28 is connected to the inlet 14 of the 
cathode section 9. 

[0080] The outlet 13 of the anode section 8 is connected to 
a ?rst conduit 29, While the outlet 15 of the cathode section 
9 is connected to a second conduit 30. The ?rst and second 
conduits are connected directly to the returning pipe 40. The 
returning pipe 40 is connected via an inlet 41 for returning 
the Water to the second supplying pipe 28 such that the Water 
is introduced again via the inlet 14 to the cathode section 9. 
The Water is discharged from an outlet 42 via a discharging 
pipe 43. 

[0081] In the Water-treatment apparatus 1 structured as 
shoWn in FIG. 5, the Water to be treated is introduced to the 
anode and cathode sections 8, 9, respectively by the action 



US 2003/0070940 A1 

of the pumps 25, 27. The Water to be treated in the anode 
section 8 is sterilized and cleaned by applying a voltage such 
that the bacteria and virus are annihilated by a hypohaloric 
acid generated from the anode 3. The treated Water is then 
introduced via the ?rst conduit 29 to the returning pipe 40. 

[0082] On the other hand, the Water to be treated in the 
cathode section 9 is steriliZed and cleaned by applying a 
voltage such that the bacteria and virus are annihilated by 
hydrogen peroxide generated from the cathode 4. The 
treated Water is then discharged from the system via the 
second conduit 30 and the discharging pipe 43 but the Water 
passing through the second conduit 30 is introduced to the 
returning pipe 40. 

[0083] In the returning pipe 40, the hypohaloric acid is 
decomposed by hydrogen peroxide and then the hypohaloric 
acid-free Water is introduced via the inlet 41 to the cathode 
section 9. By introducing the Water to the cathode section, 
the hypohaloric acid can be decomposed completely. 

[0084] The Water free of hypohaloric acid is introduced 
via the discharging pipe to another system. 

[0085] In this manner, the Water to be treated is introduced 
to the anode and cathode sections 8, 9 respectively and after 
being steriliZed and cleaned individually there is then intro 
duced to the cathode section 9 Where the hypohaloric acid 
Which has contributed for the steriliZation and cleaning in 
the anode section 8 is decomposed With hydrogen peroxide. 
Since the treated Water contains no hypohaloric acid, it Will 
not pollute the environment. 

[0086] Therefore, the Water-treatment apparatus 1 of the 
present invention Will not cause a secondary pollution and 
can steriliZe and clean a large quantity of the Water to be 
treated and thus is highly economical. 

[0087] The operation mode of the present invention has 
been described With respect to the case Where the Water is 
treated With a single apparatus. HoWever, the Water may be 
treated With a plurality of the apparatuses 1 Which may be 
arranged in series or parallel. The apparatuses arranged in 
series can treat the Water more completely, While the appa 
ratus arranged in parallel can increase the treating amount 
per unit period. 

[0088] FIG. 6 shoWs another example of the chamber 32 
of the apparatus of the present invention and is different 
from the above-described chamber 2 in the outer shape and 
the arrangement of an anode section 33 and a cathode 
section 34. 

[0089] That is, the chamber 32 is in a cylindrical shape and 
provided therein With an inner tube 35 having a smaller 
diameter and arranged coaxially thereWith. The chamber 32 
is thus dual-structured. The chamber has a pillar-shaped 
anode 36 arranged coaxially thereWith. The chamber 32, i.e., 
the outer tube is provided on the inner surface With a 
plurality of (four in this example) cathodes 37 arranged at 
certain intervals in the circumference direction. The inner 
tube 35 has openings at each of the portions aligned With the 
anode 36 and the cathode 37 facing thereto. That is, four 
openings 38 are arranged in the inner tube 35 at intervals of 
90 degrees in the circumferential direction thereof While 
four cathodes 37 are arranged at intervals of 90 degrees on 
the inner peripheral surface of the chamber 32 Which is in 
the outer radial direction from the opening. The inner tube 
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35 is provided on its inner peripheral surface With a cylin 
drical diaphragm 39 such that the inside and outside of the 
inner tube are formed into an anode section 33 and a cathode 
section, respectively. Therefore, after the Water to be treated 
introduced to the anode section 33 is discharged, it is again 
introduced to the cathode section 34. The Water to be treated 
passing through the anode section 33 and the cathode section 
34 is then mixed and discharged. 

[0090] By arranging the cathodes 37 and the anode 36 on 
the inner peripheral surface and axial center of the chamber 
32, respectively, the surface area of the cathodes can be 
increased and thus the amount of the treating substance 
generated therefrom can be increased, thereby ensuring the 
treatment of the Water. HoWever, if the Water can be treated 
satisfactorily, the cathode 37 and the anode 36 may be 
arranged on the axial center and inner peripheral surface of 
the chamber 32, respectively. 

[0091] Even though the chamber 32 of the Water-treatment 
apparatus is constructed as shoWn in FIG. 6, the apparatus 
can perform the same effects as described above. When the 
apparatus of this example is described With reference to the 
apparatus of the ?rst example shoWn in FIG. 3, by applying 
a direct voltage to the cathodes 37 and the anode 36 While 
driving a pump 16, part of the Water to be treated is 
suctioned by a pump 16 and introduced to the anode section 
33 and then to the cathode section 34. 

[0092] The Water to be treated in the anode section 33 is 
steriliZed and cleaned by applying a voltage such that the 
bacteria and virus in the Water are annihilated by a hypo 
haloric acid generated from the anode 36. The steriliZed and 
cleaned Water is then introduced to the cathode section 34 
and the remaining hypohaloric acid is reduced and decom 
posed by hydrogen peroxide generated from the cathodes 
37. Thereafter, the Water free of hypohaloric acid is intro 
duced to another system or the like. 

[0093] In this manner, since the Water to be treated is 
steriliZed and cleaned in the anode section 33 and the 
hypohaloric acid Which has contributed for the steriliZation 
and cleaning in the anode section 33 is decomposed by 
hydrogen peroxide, the treated Water contains no hypoha 
loric acid and thus Will not pollute the environment. 

[0094] Therefore, the Water-treatment apparatus 1 of the 
present invention is free from any secondary pollution 
caused by the treated Water. Furthermore the apparatus can 
steriliZe and clean a large quantity of the Water to be treated 
and is highly economical. 

BEST MODE FOR CARRYING OUT THE 
INVENTION 

[0095] The present invention is further described With 
reference to the folloWing examples and comparative 
example but is not limited thereto. 

EXAMPLE 1 

[0096] In a polyvinyl chloride-made chamber 2 having a 
shape as shoWn in FIGS. 1 With a length of 1 m, a Width of 
250 mm, and a height of 100 mm, four graphite plates 
(EG-30X manufactured by Nippon Carbon Co., Ltd.), With 
a siZe of 200 mm><80 mm and four titanium-platinum plates 
With a siZe of 200 mm><80 mm are mounted at intervals of 
50 mm along the longitudinal direction of the chamber 2, 
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respectively. At the center of the chamber, “Na?on 117” 
manufactured by Dupont Co., Ltd. is arranged as a dia 
phragm. The distance betWeen the diaphragm and the graph 
ite plates and titanium-platinum plates Was 100 mm. 

[0097] Five sets of the Water-treatment apparatus of the 
present invention having such a chamber 2 are connected in 
series. As shoWn in FIG. 3, the inlet 12 of the anode section 
8 of the most upper stream end chamber 2 is connected to the 
supplying pipe for the Water to be treated and the outlet 13 
of the anode section 8 is connected via the conduit 18 to the 
inlet 14 of the corresponding cathode section 9. 

[0098] The graphite plate electrode and titanium-platinum 
plate electrode in each pair of electrodes Were connected to 
a cathode side and an anode side, respectively, and an 
electrolysis Was conducted such that the apparent current 
density and bath voltage are to be 15 A/m2 and 1.6 to 2.2 V, 
respectively With a direct current source. Sea Water of a 
temperature of 15° C. containing microbes Was alloWed to 
pass the anode section at a rate of 1 mm/sec by operating a 
sea Water suction pump 16. As shoWn in FIG. 3, before the 
Water is introduced to the cathode section 9, it Was mixed 
With PSA oxygen supplied from an oxygen-supplying 
source at a rate of 3 m/sec and introduced to the inlet 14. 
After part of the Water steriliZed and cleaned in such a 
continuous manner Was sampled so as to measure the 

number of microbes and effective haloric acid concentration, 
no microbes and effective haloric acid Was detected. 

EXAMPLE 2 

[0099] With the same electrolysis conditions of Example 
1, the inlet 12 of the anode section 8 and the inlet 14 of the 
cathode section 9 in the most upper stream end chamber 2 
are connected to a supplying pipe for the Water to be treated, 
respectively and a part of the Water after being mixed in a 
mixing bath 3 Was sampled so as to measure the number of 
microbes and effective haloric acid concentration. HoWever, 
no microbes and effective haloric acid Was detected. 

Comparative Example 1 

[0100] Under the same conditions of Example 1, the 
steriliZation and cleaning treatment Was conducted only by 
the anode reaction. The sea Water after the treatment Was 
steriliZed and cleaned but hypohaloric acid Was detected. 

APPLICABILITY IN THE INDUSTRY 

[0101] The method and apparatus of the present invention 
can achieve the effective steriliZation and cleaning of the 
Water to be treated such as sea Water, lake Water, river Water, 
ground Water or industrial Water Without polluting the envi 
ronment. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0102] FIG. 1 is a schematic vieW of a ?rst example of the 
chamber of an apparatus according to the present invention. 

[0103] FIG. 2 is a cross-sectional vieW of the apparatus 
shoWn in FIG. 1. 

[0104] FIG. 3 is a structural vieW shoWing a ?rst example 
of operational mode of the Water-treatment apparatus of the 
present invention. 
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[0105] FIG. 4 is a structural vieW shoWing a second 
example of operational mode of the Water-treatment appa 
ratus of the present invention. 

[0106] FIG. 5 is a structural vieW shoWing a second 
example of operational mode of the Water-treatment appa 
ratus of the present invention. 

[0107] FIG. 6 is a schematic vieW shoWing a second 
example of the chamber of the Water-treatment apparatus of 
the present invention. 

1. A method for purifying Water Wherein a chamber is 
partitioned into an anode section and a cathode section by a 
diaphragm, a voltage is applied betWeen the anode and the 
cathode While an oxygen-containing gas is supplied to said 
cathode section so as to generate a hypohaloric acid and 
hydrogen peroxide in said anode section and said cathode 
section, respectively, and the Water to be treated is ?rst 
supplied to said anode section to be contacted With the 
hypohaloric acid and is then introduced to said cathode 
section to be contacted With hydrogen peroxide. 

2. A method for purifying Water Wherein a chamber is 
partitioned into an anode section and a cathode section by a 
diaphragm, a voltage is applied betWeen the anode and the 
cathode While an oxygen-containing gas is supplied to said 
cathode section so as to generate a hypohaloric acid and 
hydrogen peroxide in said anode section and said cathode 
section, respectively, and the Water to be treated Which has 
been supplied to said anode section so as to be contacted 
With the hypohaloric acid is mixed With the Water to be 
treated Which has been supplied to said cathode section to be 
contacted With the hydrogen peroxide. 

3. A method for purifying Water Wherein a chamber is 
partitioned into an anode section and a cathode section by a 
diaphragm, a voltage is applied betWeen the anode and the 
cathode While an oxygen-containing gas is supplied to said 
cathode section so as to generate a hypohaloric acid and 
hydrogen peroxide in said anode section and said cathode 
section, respectively, and the Water to be treated Which has 
been supplied to said anode section so as to be contacted 
With the hypohaloric acid is mixed With part of the Water to 
be treated Which has been supplied to said cathode section 
to be contacted With the hydrogen peroxide, folloWed by 
supplying the mixture to said cathode section again. 

4. The method according to claim 1, 2, or 3 Wherein a 
carbon electrode is used as a cathode, a metal electrode is 
used as an anode, and a voltage of 1.5 V or higher and 20 
V or loWer is supplied therebetWeen. 

5. The method according to claim 1, 2, or 3 Wherein the 
Water to be treated contains a halogen ion in an amount of 
0.01 to 1 mol/l. 

6. An apparatus for purifying Water Which comprises a 
chamber separated by a partition at least part of Which is 
formed by a diaphragm, into an anode section provided 
therein With one or more anodes generating a hypohaloric 
acid by the application of a voltage and into a cathode 
section provided therein With one or more cathodes gener 
ating hydrogen peroxide by the application of a voltage 
Wherein said anode section is provided With a supplying tube 
for supplying the Water to be treated thereto and an intro 
ducing pipe for introducing the Water treated in said anode 
section to said cathode section and said cathode section is 
provided With a supplying pipe for supplying thereto an 
oxygen-containing gas and a discharging pipe for discharg 
ing the Water treated in said cathode section. 
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7. An apparatus for purifying Water Which comprises a 
chamber separated by a partition at least part of Which is 
formed by a diaphragm, into an anode section provided 
therein With one or more anodes generating a hypohaloric 
acid by the application of a voltage and into a cathode 
section provided therein With one or more cathodes gener 
ating hydrogen peroXide by the application of a voltage 
Wherein said anode section is provided With a supplying pipe 
for supplying the Water to be treated to the anode section and 
a discharging pipe for discharging the Water treated in the 
anode section and said cathode section is provided With a 
supplying pipe for supplying the Water to be treated to the 
cathode section, a supplying pipe for supplying an oXygen 
containing gas to the cathode section, and a discharging pipe 
for discharging the Water treated in the cathode section; and 
said discharging pipes of said anode and cathode sections are 
connected With a mixing bath provided With a discharging 
pipe for discharging the Water puri?ed in said bath. 

8. An apparatus for purifying Water Which comprises a 
chamber separated by a partition at least part of Which is 
formed by a diaphragm, into an anode section provided 
therein With one or more anodes generating a hypohaloric 
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acid by the application of a voltage and into a cathode 
section provided therein With one or more cathodes gener 
ating hydrogen peroXide by the application of a voltage 
Wherein said anode section is provided With a supplying pipe 
for supplying the Water to be treated to the anode section and 
a discharging pipe for discharging the Water treated in the 
anode section and said cathode section is provided With a 
supplying pipe for supplying the Water to be treated to the 
cathode section, a supplying pipe for supplying an oXygen 
containing gas to the cathode section, and tWo discharging 
pipes for discharging the Water treated in the cathode sec 
tion; and said discharging pipe of said anode section is 
connected With one of said tWo discharging pipes of said 
cathode section and further connected With said supplying 
pipe for supplying the Water to be treated into said cathode 
section. 

9. The apparatus for purifying Water according to claim 6, 
7, or 8 Wherein a halogen ion adding bath is arranged at the 
prior stage of said apparatus. 


