DESCRIPTION Title of Invention WATER TREATMENT DEVICE AND WATER TREATMENT
METHOD Technical Field [0001] The present invention relates to a water treatment device and a
water treatment method that decompose organic substances contained in raw water such as, for
example, wastewater or contaminated water, using supercritical water or subcritical water. Background
Art [0002] Generally, wastewater discharged from various manufacturing plants including a
semiconductor manufacturing plant, a factory, or collective housing that contains various organic
substances or other foreign substances is %@%ﬁ e-scale sewage treatment facility together
with rain water and subjected to a fine water generation process to be recycled for tap water available
for drinking water. However, for example, some remote regions away from an urban area and inland
areas of developing countries may not be provided with a facility for necessary purification. In such a
case, waterfipnas igivexagple, a river contaminated due to inflowing of wastewater or other reasons
may be unavoidably used. [0003]

WATER TREATMENT DEVICE AND WATER TREATMENT METHOD

Technical Field
[0001]

The present invention relates fo a water treatment device and a water treatment
method that decompose organic substances contained in raw water such as, for example,

wastewater or contaminated water, using supercritical water or subcritical water.

Background Art
[0002]

Generally, wastewater discharged from various manufacturing plants including
a semiconductor manufacturing plant, a factory, or collective housing that contains
various organic substances or other foreign substances is purified in a large-scale
sewage treatment facility together with rain water and subjected to a fine water
generation process to be recycled for tap water available for drinking water. However,
for example, some remote regions away from an urban area and inland areas of
developing countries may not be provided with a facility for necessary purification. In
such a case, water from, for example, a river contaminated due to inflowing of
wastewater or other reasons may be unavoidably used.
[0003] |

Further, even an urban area or an advanced country may also be placed in a

situation where drinking water cannot be acquired for a certain period, for example,
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Further, even an urban area or an advanced country may also be placed in a situation where drinking
water cannot be acquired for a certain period, for example, immediately after a disaster such as, for
example, an earthquake. Therefore, there is a demand for establishing a fresh water generation
technology embodied with a non-complicated facility that is capable of efficiently manufacturing tap
water from, for example, factory drainage or home drainage, rainwater, or other contaminated water.
[0004] In the meantime, in a conventional sewage treatment facility, for example, tap water is

produced 3 [ERYAIEL ASfICIAOBRIPRE B/ Al & MANRGIRAALA PRYEIERIACRIERLS used I

conjunction wit ogical treatment. Specifically, relatively large solids such as, for example, filth,

are removed by RrecipUation.inf [arge-scalgaien siaragedantc(pby sisal dreainmant) . theR-an activated

sludge treatment is performed (biological treatment), and then, solids are removed by, for example,
slow filtratigg.gs1esid filtatign hvhichssrRagk eficisniteeh SuUbsaaHR Rty AN A6V adaediwastewater

treatment such as, for example, aeration for removing color or odor or a powdered activated carbon
treatment isxparideniadoandt dnapzant oxidatondseatinanitor, an ey ated.adraon adserption treatment
or the like is performed, as desired. Finally, chlorine sterilization treatment is performed. [0005]
Further, ag/@X@&ghnique for decomposing organic waste contained in sewage water, there has been
recently proposed an organic waste decomposition treatment technology which decomposes organic
substances using supereatadimater vresnberiioswarsststerengnPiehtD sauenempld. Bitation List

Patent Document [0006] ) .
water is produced by a fresh water generation process in such a manner that a physical

treatment is used in conjunction with a biological treatment. Specifically, relatively
large solids such as, for example, filth, are removed by precipitation in a large-scale
water storage tank (physical treatment), then an activated sludge treatment is performed
(biological treatment), and then, solids are removed by, for example, slow filtration or
rapid filtration in which a coagulant is used. Subsequently, an advanced wastewater
treatment such as, for example, aeration for removing color or odor or a powdered
activated carbon treatment i1s performed, and an ozone oxidation treatment or an
activated carbon adsorption treatment or the like 1s performed, as desired. Finally,
chlorine sterilization treatment is performed.

[0005]

Further, as a technique for decomposing organic waste contained in sewage
water, there has been recently proposed an organic waste decomposition treatment
technology which decomposes organic substances using supercritical water or
subcritical water (see, e.g. Patent Document 1).

Citation List
Patent Document
[0006]

Patent Document 1: Japanese Patent Laid-Open Publication No. H11-165142
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Patent Document 1: Japanese Patent Laid-Open Publication No. H11-165142 Summary of Invention
Problems to be Solved by the Invention [0007] However, in a fresh water generation technology in
which a conventional sewage water treatment facility is applied, since a substantial amount of solids
such as, for example, organic substances are contained in raw water to be treated after the biological
treatment, there is a problem in that the amount of raw water to be wasted without being treated
occupies about 60 % of the entirety of the raw water since the load imposed on the filtration device is
too high to be treated. Further, in the organic substance decomposition treatment technology that
decomposes organic substances by supercritical water or subcritical water, there is a problem in that
since specgadmgw@qm%&ql corrosion of a facility such as, for example, piping, caused by contact
with the supercritical water or subcritical water is needed, the configuration of the facility is complicated

or the compleyiviiy ¥EBIRSRJIrBGase mngiaased. [0008] An object of the present invention is to
provide a water treatment device and a water treatment method that are capable of efficiently

decomposimg@rpanic substances contained in raw water such as, for example, wastewater or
contaminated water to alleviate the load to be imposed on a filtration device located downstream, and
avoiding corrosionHifwtleediacitityairfotsldingpipipepaatibe likehivikaysiio Sbive theeBrobiensl[0009]

sewage water treatment facility is applied, since a substantial amount of solids such as,
for example, organic substances are contained in raw water to be treated after the
biological treatment, there is a problem in that the amount of raw water to be wasted
without being treated occupies about 60 % of the entirety of the raw water since the load
imposed on the filtration device is too high to be treated. Further, in the organic
substance decomposition treatment technology that decomposes organic substances by
supercritical water or subcritical water, there is a problem in that since special measures
to avoid corrosion of a facility such as, for example, piping, caused by contact with the
supercritical water or subcritical water is needed, the configuration of the facility is
complicated or the complexity in treatment process is increased.

[0008]

An object of the present invention is to provide a water treatment device and a
water treatment method that are capable of efficiently decomposing organic substances
contained in raw water such as, for example, wastewater or contaminated water to
alle_viate the load to be imposed on a filtration device located downstream, and avoiding

corrosion of the facility including piping or the like.

- Means to Solve the Problems
[60091

In order to solve the problems described above, in accordance with a first aspect

3/27



In order to solve the problems described above, in accordance with a first aspect of the present
invention, there is provided a water treatment deviceincluding: a pressure device that pressurizes raw
water containing organic substances to a predetermined pressure; and a heating device that heats the
raw water pressurized by the pressure device at a predetermined temperature to produce supercritical
water or subcritical water and decomposes the organic substances contained in the raw water using
the supercritical water or subcritical water. The heating device includes a laser light irradiation device

that irradiatgsfaser ight fourards the faw watar presshized By heipresse fevice aad gcondensing

lens that condenses the laser light irradiated from the laser light irradiation device on a region spaced

apart from g.chanpgl wallwithia the.chanqelinwhish thepessurzeddanvaterdewsni@@dol I

the first aspect of the present invention, it is preferable that the pressure device introduces the raw

water frompadange; haie shannekideremal-beie chanae! afandiphthiertiaswaationakarea is smaller
than that of the large-bore channel to pressurize the raw water. [0011] In the first aspect of the

present invisviien ais prefetableithed atlepstaratbopitduchanpetaviait Of thesmallshbeeitidrdnnel is
transparent, and the laser light irradiation device irradiates the laser light on a region within the
small-boreehtanmelthiawgiptsestithnspaent walistfidwe chatmetd[001BE raw Iwibe firshadpect of the
present invention, it is preferable that the small-bore channel has a double pipe structure, and a
vacuum inSupsderitiesle g soranetthemtigphceabstwedre theamne rdsipecanerthdes Laelapipdishthe double

pipe structure. [0013] ) )
irradiation device that irradiates laser light towards the raw water pressurized by the

pressure device, and a condensing lens that condenses the laser light irradiated from the
laser light irradiation device on a region spaced apart from a channel wall within the
channel in which the pressurized raw water flows.

[0010]

In the first aspect of the present invention, it is preferable that the pressure
device introduces the raw water from a large-bore channel into a small-bore channel of
which the cross-sectional area is smaller than that of the large-bore channel to
pressurize the raw water.

[0011]

In the first aspect of the present invention, it is preferable that at least a part of
the channel wall of the small-bore channel is transparent, and the laser light irradiation
device irradiates the laser light on a region within the small-bore channel through the
transparent wall of the channel.

[6012]

In the first aspect of the present invention, it is preferable that the small-bore

channel has a double pipe structure, and a vacuum insulation layer is formed in a space

between the inner pipe and the outer pipe of the double pipe structure.

[0013]
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In the first aspect of the present invention, it is preferable that the small-bore channel is has a double
pipe structure, and a heat recovering gas flows in the space between the inner pipe and then outer
pipe. [0014] In the first aspect of the present invention, it is preferable that the small-bore channel
has a double pipe structure, and the space between the inner pipe and the outer pipe is preferably
filled with a filler having voids. [0015] In the first aspect of the present invention, it is preferable that a
theal reflection plate is disposed on the channel wall surface inside the channel in the channel wall

opposed to the ch?n&% \ﬁlasll gg tQC %@ﬁlll-diamet[elr channel on which § e I%ﬁrti hgrﬁ%fffé‘oqﬂ@ted- [0016]

In the first aspect of prese |nvent|oen?|rte Fée%re ér‘reg 1féntﬁatlil{3§ep?éa etermined pressure is 1.5 MPa

to 100 MPay,andfhe Hgg%%mlgeﬁﬁgW@g%@@%&{qé&%ﬁﬁglg& flows in the space
between the inner pipe and then outer pipe.
[0014]

In the first aspect of the present invention, it is preferable that the small-bore
channel has a double pipe structure, and the space between the inner pipe and the outer
pipe is preferably filled with a filler having voids.

[0015]

In the first aspect of the present invention, it is preferable that a thermal
reflection plate is disposed on the channel wall surface inside the channel in the channel
wall opposed to the channel wall of the small-diameter channel on which the laser light
is rradiated.

[0016]

In the first aspect of the present invention, it is preferable that the
predetermined pressure is 1.5 MPa to 100 MPa, and the predetermined temperature is
2007C to 500°TC.

[0017]

In the first aspect of the present invention, it is preferable that the
predetermined pressure is 1.5 MPa to 100 MPa, the predetermined temperature is 200 T
to 374 C, and the raw water is in the liquid state.

[0018]

In the first aspect of the present invention, it is preferable the predetermined
pressure is 22 MPa to 100 MPa, and the predetermined temperature is 374C to 500C.
[0019]

In order to solve the problems described above, in accordance with a second
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In the first aspect of the present invention, it is preferable that the predetel mined pressure is 1.5 MPa
to 100 MPa, the predetermined temperature is 200C to 374C, and the raw water is in the liquid state.
[0018] In the first aspect of the present invention, it is preferable the predeteimined pressure is 22
MPa to 100 MPa, and the predetermined temperature is 374C to 500C. [0019] In order to solve the
problems described above, in accordance with a second aspect of the present invention, there is
provided a water treatment method including: pressurizing raw water containing organic substances to

a pfedeter%%} BF%ﬁéLg%s&%diﬁ%m,tﬁ%{é‘%t\?{ {1REES YAZE SO NG IRIRHEZNG 8.2

predetermined temperature to produce supercritical water or subcritical water and decomposes the

organic SUBRIBREE CORINEAAN IR A BIEEHE OE e SUPRY o AIBIER Y sHisiizalater. The

heating includes irradiating the laser light towards the raw water pressurized by the pressurizing; and

condensing dhgases HightiarReinadinhen adigioganmogarsresshaRaridigprashannel wall
within the channel where the pressurized raw water flows. [0020] In the second aspect of the
present invgatiags thegrestuliziagini edbassdleray wealeldrompasiar ge-bogenthanhehints a
small-bore channel of which the cross-sectional area is smaller than that of the large-bore channel to
pressurize thetzasdvatahd 081 fvaterimihne sheonpaspitichbfhepresenidntientiontetis fJileferable that
at least a part of the channel wall of the small-bore channel is transparent, and in the irradiating, the

laser light iborradiaredudss veedoriingtithe thecs hahtbloreacha tine rthyougietneasansgsdrdnt disannel wall

of the channel. [0022] S
pressurizing; and condensing the laser light irradiated in the irradiating on a region

spaced apart from a channel wall within the channel where the pressurized raw water
flows.
[0020]

In the second aspect of the present invention, the pressurizing introduces the
raw water from a large-bore channel into a small-bore channel of which the cross-
sectional area is smaller than that of the large-bore channel to pressurize the raw water.
[0021)]

In the second aspect of the present invention, it is preferable that at least a part
of the channel wall of the small-bore channel is transparent, and 1n the irradiating, the
laser light is irradiated to a region within the small-bore channel through the transparent
channel wall of the channel.

[0022]

In the second aspect of the present invention, it is preferable that the small-bore
channel has a double pipe structure, and the water treatment method further includes
causing a gas to flow in a space between the inner pipe and the outer pipe of the double
pipe structure to recover the heat discharged from the inner pipe.

[0023]

In the second aspect of the present invention, it is preferable that the
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In the second aspect of the present invention, it is preferable that the small-bore channel has a double
pipe structure, and the water treatment method further includes causing a gas to flow in a space
between the inner pipe and the outer pipe of the double pipe structure to recover the heat discharged
from the inner pipe. [0023] In the second aspect of the present invention, it is preferable that the
predeteiinined pressure is 1.5 MPa to 100 MPa, the predetermined temperature is 200C to 500C.
[0024] In the second aspect of the present invention, it is preferable that the predetermined

pressure is 1.5 MPa 10100 MPa an F;lﬁ {e?&(ﬁ inqg temperature [ tZOOC to 374 the raw
Water s in B L B T e B e R 2N crevable
that the pregdetginined pressure is 22 MPa to 100 MPa, and the predetermned temperature is 374C to

500C. Effect of the Invention
[0024]

In the second aspect of the present invention, it is preferable that the
predetermined pressure is 1.5 MPa to 100 MPa, and the predetermined temperature is
200C to374C and the raw water is in the liguid state.

10025]

In the second aspect of the present invention, it is preferable that the

predetermined pressure is 22 MPa to 100 MPa, and the predetermined temperature is

374°C to 5007C.

Effect of the Invention
[0026]

According to the present invention, it is possible to decompose more efficiently
organic substances contained the raw water containing organic substances such as
wastewater or contaminated water to reduce load to be imposed on a filtration device

located at downstream, and further, prevent corrosion of facility including piping or the

like.

Brief Description of Drawings
[0027}

FIG. 1 is a block diagram illustrating an example of a fresh water generation
system.

FIG. 2A is a view illustrating a configuration of a main part of the water

treatment device according to a first exemplary embodiment of the present invention.
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[0026] According to the present invention, it is possible to decompose more efficiently organic
substances contained the raw water containing organic substances such as wastewater or
contaminated water to reduce load to be imposed on a filtration device located at downstream, and
further, prevent corrosion of facility including piping or the like. Brief Description of Drawings [0027]
FIG. 1 is a block diagram illustrating an example of a fresh water generation system. FIG. 2Ais a
view illustrating a configuration of a main part of the water treatment device according to a first

exemplary embodifgnsal {15 RIESCOIYEABy inudifingBi s AIRRsRAcHPRAY B llyptrating

configuration of main parts of the water treatment evice accordingto e first exemplary embodiment

of the presgpt inyenion take Aeng.les Bl o HEhAf exembl %ﬁ?’o@cf pukhartilysiiating a water
treatment method according to a second exemplary embodiment of the present invention.
invention taken along line B-B of FIG. 2A.

FIG. 3 is a flow chart illustrating a water treatment method according to a
second exemplary embodiment of the present invention.

FIG. 4 is a view illustrating a condition of producing supercritical water and
subcritical water.

FIG. 5 is a cross-sectional view of a raw water channel, which is a main part of
a first modified example of the water treatment device according to the second
exemplary embodiment of the present invention.

FIG. 6A is a cross-sectional view of the raw water channel at the time when the
raw water is introduced in the raw water channel which is a main part of a second
modified exampie of the water treatment device according to the first exemplary
embodiment of the present invention.

FIG. 6B is a cross-sectional view of the raw water channel at the time when the
raw water is pressurized in the raw water channel which is the main part of the second
modified example of the water treatment device according to the first exemplary
embodiment of the present invention.

FIG. 6C is a cross-sectional view of the raw water channel at the time when the
raw water is heated (laser light is irradiated) in the raw water channel which is the main
part of the second modified example of the water treatment device according to the first
exemplary embodiment of the present invention.

FIG. 6D is a cross-sectional view of the raw water channel at the time when the
raw water is discharged in the raw water channel which is the main part of the second

modified example of the water treatment method according to the first exemplary
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FIG. 4 is a view illustrating a condition of producing supercritical water and subcritical water.

FIG.

5 is a cross-sectional view of a raw water channel, which is a main part of a first modified example of
the water treatment device according to the second exemplary embodiment of the present invention.

FIG. 6A is a cross-sectional view of the raw water channel at the time when the raw water is

introduced in the raw water channel which is a main part of a second modified example of the water
treatment device according to the first exemplary embodiment of the present invention.

a Cross- seg %I \flgﬁ/igﬁt %%%Hy%ggr&p&pnel at the time when the raw water is pressurized in the
ann ich'is

raw water c

FIG. 6B is

e main part of the second modified example of the water treatment

device according to the first exemplary embodiment of the present invention. FIG.6Cis a

cross-sectional view of the raw water channel at the time when the raw water is heated (laser light
isirradiatech éaiQIBWWHIBoARNaNNel which is the main part of the second modified example of the
water treatment device according to the first exemplary embodiment of the present invention. FIG.
6D is a crogmysgrtional view of the raw water channel at the time when the raw water is discharged in
the raw water channel which is the main part of the second modified example of the water treatment
method according Hektiesfitst, exemyplany cevinbdieneno Dihthpresesemviententionll Bethitedidéscription

[0028]

with reference to the accompanying drawings.
[0029]

A water treatment device of the present invention includes: a pressure device
that pressurizes raw water containing organic substances to a predetermined pressure
and a heating device that heats the raw water pressurized by the pressure device to a
predetermined temperature to produce supercritical water or subcritical water and
decomposes the organic substances contained in the raw water using the supercritical
water or subcritical water. The water treatment device constitutes a part of a fresh
water generation system in which tap water is manufactured from sewage, factory
drainage, living drainage, rain water, or the like, or alternatively, wastewater in the
above-described sewage, the drainages and the rain water are mixed, or contaminated
water from such as, for example, a river contaminated by mixed-inflow of the above-
mentioned waters or other reasons.

[0030]

FIG. 1 is a block diagram illustrating an example of the fresh water generation
system.
[0031]

In FIG. 1, a fresh water generation system 10 is mainly constituted by a sewage
diffusion tank 11 that decomposes or separates large solids in raw water 15 so as to

adjust the raw water to equalize the load to be imposed, a water treatment device 12 that
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Hereinafter, exemplary embodiments of the present invention will be described with reference to the
accompanying drawings. [0029] A water treatment device of the present invention includes: a
pressure device that pressurizes raw water containing organic substances to a predetermined
pressure and a heating device that heats the raw water pressurized by the pressure device to a
predetermined temperature to produce supercritical water or subcritical water and decomposes the
organic substances contained in the raw water using the supercritical water or subcritical water. The

water (realmenl dRvige SONSIGR APAN AlAAEal Waler SSTRLAED YT EIIBIIED iap et

L .
manufactufed from se age, factory drainage, living drainage, rain water, e, or alternatively,

wastewategig.ie,ebougfleaeriie Suragsy e dIFiaoPSANC e fAln WARISHASEM YRR

contaminated wafer from such as, for example, a river contaminated by mixed-inflow of the

above-mengigaed waig s orathenigasons HRO3PLFIG s alosksdirgiam ustrating.apexample of
the fresh water generation system. [0031 In FIG. 1, a fresh water generation system 10 is mainly

constituteddanasse wrehdifusiendanis lhdhal decompases aiseparatescargo salidsindaw water 15
SO as to adjust the raw water to equalize the load to be imposed, a water treatment device 12 that

produces stpestriicat wiatdicmid ubrhhcstdvaian by d eating @hd pre sseatmingt lidgidteis2harged from an
outlet of sewage diffusion tank 11 and decomposes organic substances in the raw water using the
supercriticalenatgostdbigcritical twaterset dweesel 3smukis dnewibpaneideicatm8nhdefikersdand
fractionates the decomposed remnants contained in the liquid discharged from the outlet of water
treatment dbsiqetiormsc ddesnipprasgspipgyate thrchgiid i gidvatzed Zroamdhe GUHRING, WatEstreatment
device 14 that perfoinis a plasma processing on the liquid discharged from the outlet of reverse
osmosis meHKEihegBhtra d56isheld f&p’ﬂ\‘g@ﬂeﬁaﬁé’." 3t %coﬁﬁé@@%ﬁﬁn@?ﬁ%ﬁﬂ%e

substances decomposed to a molecular level and coagulated.in a cluster. shape or molecules having a
e oive, TAHRTDG S CTBAIEER GG F6LED By LAE D AR DAL F5 RS solg

state. molecules having a large size, in addition to the substances decomposed by water
treatment device 12 in a fine solid state.
[0032]

FIG. 2A is a view illustrating a configuration of a main part of the water
treatment device according fo a first exemplary embodiment of the present invention.
FIG. 2B is a cross-sectional view illustrating a configuration of main parts of the water
treatment device according to the first exemplary embodiment éf the present invention
taken along line B-B of FIG. 2A.

[0033]

In FIG. 2A, water treatment device 12 includes a pressure pump 24 that
introduces raw water 15a containing organic substances to be treated (hereinafter,
simply referred to as “raw water”™) from a large-bore channel 22 to a small-bore channel
23 to pressurize raw water 15a. Small-bore channel 23 is made of, for example, a
quartz glass that s transparent and superior in heat resistance.

[0034]

Raw water 15a introduced from large-bore channel 22 to small-bore channel 23
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[0032] FIG. 2A is a view illustrating a configuration of a main part of the water treatment device
according to a first exemplary embodiment of the present invention. FIG. 2B is a cross-sectional view
illustrating a configuration of main parts of the water treatment device according to the first exemplary
embodiment of the present invention taken along line B-B of FIG. 2A. [0033] In FIG. 2A, water
treatment device 12 includes a pressure pump 24 that introduces raw water 15a containing organic
substances to be treated (hereinafter, simply referred to as "raw water") from a large-bore channel 22

to a small-hore channgl 2349 Qgﬁ&j}f{xizﬁ "o 1386 hep. IPHLLAR %@g 423 JS1mapig g for

example, a quartz glass that is transparent and superior in"heat resi [0034] Raw water 15a

introduced ftom.laragshoir Shannehadiig GMail-Rere ahpenel 43 é%d&%%’%%%&@é gxample, 25

MPa to 40 MPa, by pressure pump 24. A laser light source 25 as a laser light irradiation device is

disposed agrallosationhspasedapadiiprasimalsResechanael 2Ratbroughiwkich pressurized raw water
15a flows. Laser light source 25 irradiates a laser light 27 towards raw water 15a that flows through

small-boreschaaingh 334i aendensindi ign 2Gis aidposediartnesn tasefiight thoosgk 2mahd small-bore
channel 23. Condensing lens 26 condenses laser light 27 emitted from laser light source 25 to irradiate
laser light PértochamgibAR9 (SeenBtE:i2B)ews sthall-iopeseiidrmiel2d lepacbghapanrfri} thel channel
wall of small-bore channel 23. [0035] Pressurized and laser light-irradiated raw water 15a
becomes shighlierapdraitoek hd Kighderesxlilenavoveredotsdorescartigle, Z00méedotamd 25 MPa to
40 MPa, and supercritical water or subcritical water is produced from the water components in raw
water 15a. 1BFHBEY toceade aisabiatedased gl fhe subereiicab veser Bttt sMatter

decomposes the organic substances contajned in raw water 15a. A depressurization device 28 is
provided dBWRSheRpsiiormPsrsdirpdideRaiseranshyaled spetd e 816! decompose organic

substancei 6 water 15b flows from small-bore channel 23 into depressurization device 28 where
the pressu 8 eated raw water 15b is recovered.

Pressurized and laser light-irradiated raw water 15a becomes a high-
temperature and high-pressure raw water of, for example, 300T to 400C and 25 MPa
to 40 MPa, and supercritical water or subcritical water is produced from the water
components in raw water 15a. By doing this, raw water 15a turned into the
supercritical water or subcritical water decomposes the organic substances contained in
raw water 15a. A depressurization device 28 is provided downstream from small-bore
channel 23, and, after being treated to decompose organic substances, raw water 15b
flows from small-bore channel 23 into depressurization device 28 where the pressure of
treated raw water 15b is recovered.

[0036]

Hereinafter, descriptions will be made as to a water treatment method according
to a second exemplary embodiment of the present invention performed by using the
water treatment device having the configuration as described above. The water
treatment is performed as a pre-treatment of a filtration process by reverse osmosis
membrane device 13 in a fresh water generation system (FIG. 1), and may be executed

by a CPU in a control unit according to a water treatment program stored in a memory
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[0036] = Hereinafter, descriptions will be made as to a water treatment method according to a
second exemplary embodiment of the present invention performed by using the water treatment
device having the configuration as described above. The water treatment is performed as a
pre-treatment of a filtration process by reverse osmosis membrane device 13 in a fresh water
generation system (FIG. 1), and may be executed by a CPU in a control unit according to a water
treatment program stored in a memory of the control unit of fresh water generation system 10 not

luortes USSP s 3ina o shar ptalge gy ope et

ment of the present invention. [0038 ' FIG. 3, when
treating thqg@y\ﬂ/vater, raw water 15a diffused in sewage diffusion tank 11 (see FIG. 1) and adjusted to
equalize the load to be imposed is introduced into water treatment device 12 (FIG. 2) first (step Sl),

and then into smaliFhore ghannek2ehti QUaRiaiae-PereiehatRghdd URING ARSI ImBUNRL4, thereby
pressurizing raw water 15a to a predetermined pressure, for example, 25 MN to 40 MPa (step S2).

[0039] socthsesnilyrasabdgit e of ihaghaies frermntaser light source 25 toward the pressurized
raw water 15a that flows through small-bore channel 23 (step S3), and laser light 27 is condensed by
condensingUes 26 and irradiated to region 29 in small-bore channel 23 spaced apart from the
channel wall of small-bore channel 23 to heat the raw water to a temperature of 300 C to 400 t,
thereby producinglsuptreriticathemtorcaingliberitieal water, fram thetswaltér cbifipedentsewraw water 15a
(step 54), and the organic substances contained in raw water 15a are decomposed using raw water

15a that haifbeséenudrnkdlihteeaerdbpertitidardiastado s gaBatisal hvatrdstepbssimprwd is

introduced into water treatment device 12 (FI1G. 2} first (step S1), and then into smali-
bore channel 23 through large-bore channel 22 using pressure pump 24, thereby
pressurizing raw water 15a to a predetermined pressure, for example, 25 MPa to 40
MPa (step S2).

[0039]

Subsequently,. laser light 27 is irradiated from laser light source 25 toward the
pressurized raw water 15a that flows through small-bore channel 23 (step S3), and laser
light 27 is condensed by condensing lens 26 and irradiated to region 29 in small-bore
channel 23 spaced apart from the channel wall of small-bore channel 23 to heat the raw
water to a temperature of 300C to 4007C, thereby producing supercritical water or
subcritical water from the water components in raw water 15a (step S4), and the organic
substances contained in raw water 15a are decomposed using raw water 15a that has
been turned into the supercritical water or subcritical water (step S5).

[0040]

In this case, the supercritical water decomposes the organic substances into CO,

and the subcritical water decomposes organic substances into CHy gas and an

mfinitesimal amount of amino acid.

[0041]
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In this case, the supercritical water decomposes the organic substances into CO2 and the subcritical
water decomposes organic substances into CH4 gas and an infinitesimal amount of amino acid. [0041]
After being treated to decompose the organic substances, treated raw water 15b is introduced into
depressurization device 28, where the pressure of treated raw water 15b is reduced to separate gas
components, such as CO2 or CH4 produced by the decomposition of organic substances (step S6).
Thereatfter, treated raw water 15b is introduced into reverse osmosis membrane device 13 (see FIG.

1) to separate the ggcom Es?r%e{%ﬁ‘{‘ga”é%oﬁ%”b%ﬁ‘{g% é\?\;‘i&%@%ﬁ%&’gﬁtﬁ%&%ﬁ {RleR.0)-After the

decomposed remnants are Separated from treate water treated raw water 15b is introduced

into a drinking water treatmant devics Adbipgaiad then deuRSERATE P vLlrlierg a.4igatment, for

example, a drinking water treatment using plasma is performedto prepare tap water as drinking water

(step S8), 356 & serigseal Rracgasas ehwalpkimatmentarecompletedci@042dducehasprging to the
water treatment of FIG. 3, since raw water 15a containing organic substances is pressurized and

heated, sodbalnspiesctitichlowalte QuBbsticalwaRy)is reckererand-esganic supstanees contained
in raw water 15a are decomposed using the supercritical water or subcritical water, the load to be
imposed ointexiksed darosisaize israngsdemviedrifd abated fubtHesd dWastieam isaltetdated. As a
result, the purification efficiency of tap water may increase and raw water 15a such as, for example,
wastewated@osgwsgle remybdsalransirgogm pletebptiacyeled astitapl Watéstds [£043) AfterFinther, the
oxidizing power of the supercritical water or subcritical water is so strong to powerfully decompose the
organic subgtapmesashrmiprds aiaienosted M5 Hisaiedarhsasep brbriticalaf atey vatablditical water
causes the corrosion of the facility, such as a container, a pipe, or a sealing part, that contacts with the
supercritica ngéiruﬁ?‘%HBErﬂi@ﬁPW%eW%\%%’é??%%%‘f‘dﬁgﬁé%eﬂr@%}?ﬁgﬁé‘mm%diment,

since laser light 27 irradiated from_laser light source 25 is condensed by condensing lens 26, laser
light 27 is I1btal{PFiadiafEd i 7R ﬂrzﬁwm’sﬁﬁﬂﬂ%}%gcﬁ%ﬁelt%@b eﬁs%ﬁ%ﬁ?tﬁ% channel

wall thereofg%(progéjge sugercrltlcal water rrilﬁ(uul:l)crltlcal V\é%e@%[r)%?(?n 29.within small-borp channel

O prepare tap water, as r water a Senes ol. processe
23 spacedpapar fom e CREnHEl Waf't5 ecomﬁ‘ose organic s ances, an |Rﬂmedsla%e(]y thereatfter,

the superqwégglj t‘%‘é%&ﬁfe%é g%bgeggﬁgéégvc@ter is !r_ltroduced into depr_e_ssurlzatlon device 28 to be .
depressurized therein, the produced supercritical water or subcritical water does not contact with a

facility me hincluding the wall surface of channel 23. Therefore, the corrosion of the facility
including the piping may be suppressed in advance.

According to the water treatment of FIG. 3, since raw water 15a containing
organic substances is pressurized and heated, so that supercritical water or subcritical
water is produced and organic substances contained in raw water 15a are decomposed
using the supercritical water or subcritical water, the load to be imposed on reverse
osmosis membrane device 13 located further downstream is alleviated. As a result, the
purification efficiency of tap water may increase and raw water 15a such as, for
example, wastewater or sewage may be aimost completely recycled as tap water 16.
[0043]

Further, the oxidizing power of the supercritical water or subcritical water is so
strong to powerfully decompose the organic substances contained in raw water 15a.
However, the supercritical water or subcritical water causes the corrosion of the facility,
such as a container, a pipe, or a sealing part, that contacts with the supercritical water or

subcritical water. However, according to the present exemplary embodiment, since
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[0044] Further, according to the present exemplary embodiment, since raw water 15a may be
continuously introduced from large-bore channel 22 into small-bore channel 23 to be pressurized and
continuously irradiated to decompose the organic substances in raw water 15a scaling-up to a large
capacity treatment device is easy. [0045] FIG. 4 is a view illustrating a generation condition of
supercritical ater and subcritical water. The supercritical water refers to water having a pressure of 22
MPa or more and temperature of 374C or more. The subcritical water refers to water having a

pressure i ieMRPEP YA s A e praasre d emperaIE. o waler g syperoal state,

respectively. e present exeniplary embodiment, raw water 15a containing organic

substances,jg.ngaiachto £ifacl g lemperatiig QL3440 T MAtE WhIlR BRRVINGAN eSS S.Qf 22 MPa or

more, or a temperature of 200C or more while applying a pressure suitable for maintaining the liquid

state. By doing iy e SURRIGISRMNAIRE & ﬁ&&%&tiﬁ%\ﬁ@&ﬁw%@@ Araeieridromithewater

components contained in raw water 15a and the organic substances contained in raw water 15a may

be decompegae angl keim@yeshusingravehvaiel 158 kpned iajptharsupealitigabwaterar sybcritical
water. In the meantime, as described above, the raw water may be turned into the subcritical water

under a pressufiepofsupendiditiod siateQradedntiadavdy, thereatteryater sepeitaddg bextertbe liquid state
at the temperature of 200C or more in order for raw water 15a to be effectively turned into the
subcritical wéertstdtevFor thisreadoredaipressereshii AR adevigroSisseuidedrirsoudeardfor the raw
water to be turned into subcritical water. Further, in principle, there is no upper limit on the pressure
and the terfijsevatutecrerpirsdd o arsonsieahrierr atv wegaislnvhiss dpeydrticetststewidbwever, a
pressure of 100 MPa or less and a temperature of 500C or less are required in order to obtain a

technical effsSigrnapradarivfivetherabrraisaet chrpeihids vidwercfore, the corrosion of

the facility including the piping may be suppressed in advance.
[6044]

Further, according to the present exemplary embodiment, since raw water 15a
may be continuously introduced from large-bore channel 22 into small-bore channel 23
to be pressurized and continuously irradiated to decompose the organic substances in
raw water 15a scaling-up to a large capacity treatment device is easy.

[0045]

FIG. 4 is a view illustrating a generation condition of supercritical water and
subcritical water. The supercritical water refers to water having a pressure of 22 MPa
or more and temperature of 374 Cor more. The subcritical water refers to water
having a pressure and temperature less than the pressure and temperature of water in the
supercritical state, respectively.

[0046]

In the present exemplary embodiment, raw water 15a containing organic
substances is heated to either a temperature of 374C  or more while applying a pressure
of 22 MPa or more, or a temperature of 200C or more while applying a pressure

suitable for maintaining the liquid state. By doing this, the supercritical water or
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[0047] In the present exemplary embodiment, when the concentration of the decomposed
remnants is high in treated raw water 15b after the raw water discharged from outlet of water treatment
device 12 is treated with reverse osmosis membrane device 13, treated raw water 15b may be
returned to the inlet of water treatment device 12 again to be circulated and treated. [0048] Further, in
the present exemplary embodiment, the pressure of the raw water 15b after being treated to
decompose the organic substances is recovered by depressurization device 28. For example, a turbo

charger is adopigd.[arine HEHL S UG RGEIP XSG IEe W I ERIBRRON S BHIBIALY Smandiment. the turbo

charger includes one side im disposed within depressurization device 28 and the other side

impeller copxjallyicapnasieddQdoiationaxisintdhg ong sidedmpelianand disRaspsiudthin pressure

pump 24. For example, a flow of fluid is formed using a pressure difference when the fluid is

depressurizgd e aiRghRresstie 1o Julowdrrassie dopdrpiessUtization dewieaids, hawne side
impeller is rotated by the flow of fluid, and hence, the other side impeller is rotated. As a result, raw

water 15a flows fianmahannelR2dntedchamnel (B3 10048} er mdp terpresknitexd@mplacyiembodiment,
the pressure is recovered by depressurization device 28 and gas components are discharged from the
depressurigetktreatdo rawwater 158b siireqgasdosgenentssincludes gasestas decompmsed products
produced when decomposing solids, in addition to the atmospheric components dissolved in raw water
15a at the tinneinsfl jrebe uri fhegligié stasiny thsatedne diserfigétie gasenmipondamdotreated raw
water 15b is turned into a water contalg;%q an infinitesimal amount of an amino acid formed as the

organic subgtigndes drebeedbivibaduduaid mats dhgserbraidisalsinims|stals. fof exHHspieasitifzer. [0050]

pressure of 1.5 MPa or more is required in order for the raw water to be turned into
subcritical water. Further, in principle, there is no upper limit on the pressure and the
temperature required to ensure that the raw water is in the supercritical state. However,
a pressure of 100 MPa or less and a temperature of 500°C or less are required in order
to obtain a technical effect of the present invention from a practical point of view.

[0047]

In the present exemplary embodiment, when the concentration of the
decomposed remnants is high in treated raw water 15b after the raw water discharged
from outlet of water treatment device 12 is freated with reverse osmosis membrane
device 13, treated raw water 15b may be returned to the inlet of water treatment device
12 again to be circulated and treated.

[6048]

| Further, in the present exemplary embodiment, the pressure of the raw water
15b after being treated to decompose the organic substances is recovered by
depressurization device 28. For example, a turbo charger is adopted for the pressure
recovery device. In the present exemplary embodiment, the turbo charger includes one
side impeller disposed within depressurization device 28 and the other side impeller

coaxially connected to a rotation axis of the one side impeller and disposed within
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In the present exemplary embodiment, it is preferable that the length of small-bore channel 23 is, for
example, about 1 m, and a heat reflection plate is disposed on the channel wall surface inside the
channel in the channel wall opposed to the channel wall onto which laser light 27 is irradiated in
small-bore channel 23. With this arrangement, heat radiation from small-bore channel 23 may be
suppressed. [0051] In the present exemplary embodiment, treated raw water 15b,which is the
liquid discharged from the outlet of water treatment device 12, flows into reverse osmosis membrane

device 13 Igeated downsyieant sohial fhe deeqmponsdienants ale senarated, Howeyer, since most
of the orga%lc ubstandes are é)ecompgség y\ﬁ]e supercritical Wateror u%cr|ﬁcgf water, the load to

be imposed pa,reygrse agmasiymembrane devige ig alleviaied apd adrowblg syghas,dosexample,

blockage does not OCCUR. [0052] Next, descriptions will be made as to a modified example of the

water trealfaBRidaVica ACRIMRDE the B! sysmakiNeRbrAiRe Y PibaRiesaNiiyeatien. [0053]

hence, the other side impeller is rotated. As a result, raw water 15a flows from
channel 22 into channel 23.
[0049]

In the present exemplary embodiment, the pressure is recovered by
depressurization device 28 and gas components are discharged from the depressurized
treated raw water 15b. The gas components includes gases as decomposed products
produced when decomposing solids, in addition to the atmospheric components
dissolved in raw water 15a at the time of pressurizing. After being treated to discharge
the gas components, treated raw water 15b is turned into a water containing an
infinitesimal amount of an amino acid formed as the orgaﬁic substances are decomposed,
and has a usefulness suitable as, for example, fertilizer.

[0050]

In the present exemplary embodiment, it is preferable that the length of small-
bore channel 23 is, for example, about 1 m, and a heat reflection plate is disposed on the
channel wall surface inside the channel in the channel wall opposed to the channel wall
onto which laser light 27 is irradiated in small-bore channel 23.  With this arrangement,
heat radiation from small-bore channel 23 may be suppressed.

[0051]

In the present exemplary embodiment, {reated raw water 15b,which is the ligud

discharged from the outlet of water treatment device 12, flows into reverse osmosis

membrane device 13 located downstream so that the decomposed remnants are

separated. However, since most of the organic substances are decomposed by the
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FIG. 5 is a cross-sectional view of the raw water channel which is a main part of a modified example of
the water treatment device according to the first exemplary embodiment of the present invention. The
raw water channel is a pressure device that corresponds to large-bore raw water channel 22 of FIG.
2A and small-bore raw water channel 22 connected to large-bore raw water channel 22. [0054] In
FIG. 5, a raw water channel 50 has a double pipe structure mainly constituted with a tapered inner
pipe 51 in which the size of the inner diameter thereof is gradually reduced, and an outer pipe 52

provided canesnticainiacovsr e e S [OMPlon ThEIRGIRAIDETMARUIagE.AS Iner pipe

ates or example, atr gular intervals. Accordingly, rapid

flow of rawlf%mfaléadwe@gdﬁpc%@@%pé%% anchraw WaterARa s Ia eeRRgsTon inner pipe

51. As a result, the residual period of raw water 15a in inner pipe 51 becomes longer and the
decomposigign,of the organic substances is enhanced. [0056] In the water treatment device
provided with raw water channel 50 configured as described above, raw water 15a is introduced from
the large-bpgsgide of inner pipe 51 and pressed out to the small-bore side by the pressure pump not
illustrated, thereby being pressurized. By performing the remaining processing steps similarly as in the
first exemplary emiexiindestrifagernsligiil te inradiatec totheidegion {sgdécfdGh Jwithireihaene| 51
spaced apart from the channel wall in the small-bore side of inner pipe 51 in which the pressurized raw
water 15a flewiss to@noduceoshpdnstitcahwatercortsubadical Watereseny invtingidmadiated region, and by
performing the remaining processing steps arty as in the first exemplary embodiment, the organic
substance$®5atained in raw water 15a are decomposed. [0057]

FIG. 5 is a cross-sectional view of the raw water channel which is a main part
of a modified example of the water treatment device according to the first exemplary
embodiment of the present invention. The raw water channel is a pressure device that
corresponds to large-bore raw water channel 22 of FIG. 2A and small-bore raw water
channel 22 connected to large-bore raw water channel 22.

[0054]

In FIG. 5, a raw water channel 50 has a double pipe structure mainly
constituted with a tapered inner pipe 51 in which the size of the inner diameter thereof is
gradually reduced, and an outer pipe 52 provided concentrically to cover inner pipe 51.
[0055]

The tapered inner wall surface of inner pipe 51 is provided with a plurality of
baffle plates 54, for example, at regular intervals. Accordingly, rapid flow of raw
water 15a is impeded by baffle plates 54 and raw water 15a flows to meander in inner
pipe 51. As a result, the residual period of raw water 15a in inner pipe 51 becomes
longer and the decomposition of the organic substances 1s enhanced.

[0056]
In the water treatment device provided with raw water channel 50 configured as

described above, raw water 15a is introduced from the large-bore side of inner pipe 51
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According to the modified example of the first exemplary embodiment, since laser light is irradiated
only to the region spaced apart from the channel wall within channel in the small-bore side of inner
wall 51 in which raw water 15a flows to produce supercritical water or subcritical water, and the
organic substances contained in raw water 15a are decomposed by the supercritical water or
subcritical water, the load to be imposed on the filtration device located downstream may be alleviated
and the corrosion of the facility including piping or the like may be suppressed as in the first exemplary

embodimenty(0058L oudNdRMadified exampi6.Lhibe st cxemmleny eiRadimenta,space 53

between inner pipe 51 and outer pipe 52 constituting the double pipe structure Is preferably formed

with a vacypdnsuiatinndaye ndepasauizedhoraRait335 18Ry hian) 1o 433,102 Pa (1

Tor). By doing this, it is possible to reduce energy loss caused by heat radiation from inner pipe 51.

Further, spa&e ShetweemiBheniipg hlcantauieipidatd magbedied withmdllen afgh porosity,
instead of being formed with the vacuum insulation layer. By doing this, heat radiation from tapered

inner pipe dinssippieasdtiefhy énhdnging anlinsulatisgaffecte [QA58F inndnpipe fModified
example of the second exemplary embodiment, at least the laser light-irradiated portion in each of
inner pipe $hiahdheyterspipeslrmay ferfofmedvof, ddnadpaesmpandi st ngpraate sah dotiestample, a
guartz glass. By doing this, it is possible to avoid the attenuation of the laser light irradiated toward raw
water 15a frefer thelJasetighrabaiekr¢oosopnd by neslonodiiethe xemasiangf precprasaritexemplary
embodiment, a heat recovering gas may be caused to flow in space 53 between inner pipe 51 and
outer pipe SRS firelistremriey $rePediHnentpibe SRAHARIDHARECTSPRREIRBID Y, a CFC

substitute and CO2 may be used as the heat recovering gas and the pressure thereof is maintained at
about 0.1 NP6 fipgecomposed.

10057]

According to the modified example of the first exemplary embodiment, since
laser light is irradiated only to the region spaced apart from the channel wall within
channel in the small-bore side of inner wall 51 in which raw water 15a flows to produce
supercritical water or subcritical water, and the organic substances contained in raw
water 15a are decomposed by the supercritical water or subceritical water, the load to be
imposed on the filtration device located downstream may be alleviated and the
corrosion of the facility inchuding piping or the like may be suppressed as in the first
exemplary embodiment.

[0058]

In the modified example of the first exemplary embodiment, a space 53
between inner pipe 51 and outer pipe 52 constituting the double pipe structure is
preferably formed with a vacuum insulation layer depressurized to about 1.33x107 Pa
(1x10™ Torr) to 1.33x10% Pa (1 Torr). By doing this, it is possible to reduce energy
loss caused by heat radiation from inner pipe 51. Further, space 53 between inner pipe
51 and outer pipe 52 may be filled with a filler of high porosity, instead of being formed

with the vacuum insulation layer. By doing this, heat radiation from tapered inner pipe
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[0061] In the modified example of the first exemplary embodiment, heat loss may be reduced by
disposing a heat reflection plate made of, for example, a metal on the inner wall surface of inner pipe
52. [0062] Next, descriptions will be made as to a second modified example of the water treatment
device according to the first exemplary embodiment of the present invention. [0063] FIG. 6Ais a
cross-sectional view of the raw water channel at the time when the raw water is introduced into the raw
water channel which is a main part of the second modified example of the water treatment device

according rfplQgesﬁigﬁ}egmg%g@Qﬁg{wﬁ%@aﬁ%&@éggvention. FIG. 6B is a cross-sectional view
[ a

of the raw water channel at the time when the raw water is pressurized in the raw water channel
which is thﬁDU@P part of the second modified example of the water treatment device according to the
first exemplary embodiment of the present invention. FIG. 6C is a cross-sectional view of the raw
water channel at the dieg wheaitbearaevdiae iscbaales dhaskilightisdriasiatadyds the rasrwater

channel which is the main part of the second modified example of the water treatment device
according ligthertusiasx®mpliésy anmdaotdintanhaf phe: fresedtdnwentips SBlGapDdS@meadsstsectional
view of the raw water channel at the time when the raw water is discharged in the raw water channel
which is theanspargartaofl the @ thetemadified examisie ofqretwagbssreaiyetnideviks.adgcerding to the
first exemplary embodiment of the present invention. The raw water channel is a pressure device that

pressurize$ssiblvatetvisa e atfwpudiarmindg resdigel asasiivitdrly Witdrga breradaEer channel 22
of FIG. 2A and small-bore raw water channel 23 connected to large-bore raw water channel 22. [0064]
In FIGS. 6 d®8, 188t SARSRe of a rotary engine of a car is applied to a raw water channel 60, which
is mainly C%S’[]fi red by a oval case 61 narrowed in the middle portion thereof and a substantially
triangular r B2 rotating in the oval case 61. [0065]

In the modified example of the present exemplary embodiment, a heat
recovering gas may be caused to flow in space 53 between inner pipe 51 and outer pipe
52 to recover the heat radiated from inner pipe 51. In this case, for example, N», a
CFC substitute and CO; may be used as the heat recovering gas and the pressure thereof
is maintained at about (.1 MPa to 5 MPa.

[0061]

In the modified example of the first exemplary embodiment, heat loss may be
reduced by disposing a heat reflection plate made of, for example, a metal on the inner
wall surface of inner pipe 52.

[0062]

Next, descriptions will be made as to a second modified example of the water
treatment device according to the first exemplary embodiment of the present invention.
[0063]

FIG. 6A is a cross-sectional view of the raw water channel at the time when the
raw water is introduced into the raw water channel which is a main part of the second
modified example of the water treatment device according to the first exemplary

embodiment of the present invention. FIG. 6B is a cross-sectional view of the raw
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In the water treatment device having raw water channel 60 configured as described above, raw water
15a is introduced into case 61 by rotating rotor 62 (FIG. 6A), raw water 15a is compressed to be
pressurized between rotor 62 and case 61 (FIG. 6B), then laser light 27 is irradiated to pressurized raw
water 15a only in a region spaced apart case 61 to heat raw water I5a to produce supercritical water or
subcritical water under a high-pressure and high-temperature state, and the organic substances
contained in raw water 15a are decomposed by the supercritical water or subcritical water (FIG. 6C).

After being, freated.in, deamPasE: e A IROIG SURSIBNEESJANYAISHIAR Iawischaraashitgm case 61

(FIG. 6D). A series of processes in FIGS. 6A to 6D are performed while rotor 62 is making one

revolution. {99861s meARSRIYRY 89 the anethermadified-axampls ahdhednsesratrrantierigmbodiment,
since the principle of a rotary engine is employed to pressurize raw water 15a, it is possible to

efficiently pkesstinzersanc i kb pac inalydecampose grestigalvtganie SUtIsiances eontained in
raw water 15a continuously and efficiently, in addition to the effects of the another exemplary

embodimenissdascrited ateovef [006z) watbticthendecohdingtowherathother medifizsdhextadple of the
another embodiment, since rotor 62 is formed in a substantially triangular shape, raw water 15a may
be pressurizedthight tinesipgedaohthe velvtivrtasfoioierd 2vhind thidlsuperortimalol dte serosdbcritical
water may be produced three times by irradiating the laser light three times. As a result, the organic
substancesnedifigthed dmpiay alates 15EaNBpHE MG HPEficierrtydes ol Pasedish@ramtey [0068]

In the another modified example of the another embodiment, at least the laser light-irradiated portion in
case 61 is preTetEBfpndhoOPtFahdpErBIeInatBlal, $Br EXautioRs, seeiipnth Yiadsol serityht 27
emitted from lasey light source 25 and condensed by con m%y be condensed to a

region withTFtFec0a8R°E 34 Ha% WA PG Tt aiHs gF%@%%ﬁ/\; %Jﬁ WIS e laser light
27, therebwggglilg I’E\% g %ﬁi%%]t & ta?nro re%urrblgr-it-iea \é\écaagg%%it&iQﬁg vt i(%rne'a 0%%?]device

according to the first exemplary embodiment of the present invention. The raw water

channel is a pressure device that pressurizes raw water 15a to a predetermined pressure

as similarly in large-bore raw water channel 22 of FIG. 2A and small-bore raw water

channel 23 connected to large-bore raw water channel 22.

[0064]

In FIGS. 6A to 6D, the principle of a rotary engine of a car is applied to a raw
water channel 60, which is mainly configured by a oval case 61 narrowed in the middle
portion thereof and a substantially triangular rotor 62 rotating in the oval case 61.

[0065]

In the water treatment device having raw water channel 60 configured as
described above, raw water 15a is introduced into case 61 by rotating rotor 62 (FIG. 6A),
raw water 15a is compressed to be pressurized between rotor 62 and case 61 (FIG. 6B),
then laser light 27 is irradiated to pressurized raw water 15a only in a region spaced
apart case 61 to heat raw water 15a to produce supercritical water or subcritical water
under a high-pressure and high-temperature state, and the organic substances contained

in raw water 15a are decomposed by the supercritical water or subcritical water (FIG.
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In addition, in the another modified example of the present embodiment, the treatment rate of raw
water 15a may be further increased by increasing the number of revolutions of roller 62. [0070]
described above, the present invention is described using embodiments thereof, but is not limited to
the respective embodiments described above. [Explanation of Symbols] [0071] 12 : water treatment
device 15, 15a : raw water containing organic substances 15b : treated raw water 22 : large-bore

channel

6C). After being treated to decompose the organic substances, raw water 15b is
discharged from case 61 (FIG. 6D). A series of processes in FIGS. 6A to 6D are
performed while rotor 62 is making one revolution.

[0066]

According to the another modified example of the present another embodiment,
since the principle of a rotary engine is emploved to pressurize raw water 15a, it is
possible to efficiently pressurize raw water 15a and finally decompose and treat organic
substances contained in raw water 15a continuously and efﬁcienﬂy., in addition to the
effects of the another exemplary embodiments described above.

[0067]

Further, according to the another modified example of the another embodiment,
since rotor 62 is formed in a substantially triangular shape, raw water 15a may be
pressurized three times per each rcvolpti.on of rotor 62 and the supercritical water or
subcritical water may be produced three times by irradiating the laser light three times.
As a result, the organic substances contained in raw water 15a may be highly efficiently

decomposed and treated.

-~ 10068]

In the another modified example of the another embodiment, at least the laser
light-irradiated portion in case 61 is preferably made of a transparent material, for
examéle, a quartz glass. Laser light 27 emitted from laser light source 25 and
condensed by condensing lens 26 may be condensed to a region within the case spaced
apart from the wall surface of case 61 without attenuating the laser light 27, thereby
producing supercritical water or subcritical water within the region.

[0069]

In addition, in the another modified example of the present embodiment, the
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23 : small-bore channel 24 : pressure pump 25 : laser light source 26: condensing lens 27 : laser light
28 : depressurization device 29 : region spaced apart from channel wall within channel What is
claimed is: I.A water treatment device characterized by comprising: a pressure device that
pressurizes raw water containing organic substances to a predetermined pressure; and

treatment rate of raw water 15a may be further increased by increasing the number of
revolutions of roller 62.
[0070]

As described above, the present invention is described using embodiments

thereof, but is not limited to the respective embodiments described above.

[Explanation of Symbols]
[0071]

12 : water treatment device
15, 15a : raw water containing organic substances
15b : treated raw water

22 : large-bore channel

23 : small-bore channel

24 : pressure pump

25 : laser light source

26 : condensing lens

27 : laser light

28 : depressurization device

29 : region spaced apart from channel wall within channel
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a heating device that heats the raw water pressurized by the pressure device to a predetermined
temperature to produce supercritical water or subcritical water and decomposes the organic
substances contained in the raw water using the supercritical water or subcritical water, wherein the
heating device comprises: a laser light irradiation device that irradiates laser light towards the raw
water pressurized by the pressure device; and a condensing lens that condenses the laser light
irradiated from the laser light irradiation device on a region spaced apart from a channel wall within the
channel wRgse,the Aissaigiked raw water flows. 2. The water treatment device of claim 1, wherein the
pressure device introduces the raw water from a large-bore channel into a small-bore channel of which
the cross-sectional area is smaller than that of the large-bore channel to pressurize the raw water. 3.
The water treatment device of claim 2, wherein at least a part of the channel wall of the small-bore

channel is fransparepltengdine lasQelightdrreiationdeviesrdipadiates the laser light on a region within
the small-bore channel through the transparent channel wall. 4. The water treatment device of claim
2, wherein the smallpbeyehanned fias predaithlespipe sitetuontAnd@orgeticrsuhstiriiondayer is
formed in a space between the inner pipe and the outer pipe of the double pipe structure. 5. The
water treatpretittdavicedofrelaime2andherein the small-bore channel has a double pipe structure, and a
heat recovering gas flows through the space between the inner pipe and the outer pipe of the double
pipe structure. 6. Theaagedarecnthehheéyibe uivclapepivtrardindhe Srmalicbons desmsdblias a double

pipe structure, and the space between the inner pipe and the outer pipe of the double pipe structure is
filled with &m@tﬁmﬁ@ﬂvgﬁg@emture to produce supercritical water or subcritical water and

decomposes the organic substances contained in the raw water using the supercritical
water or subcritical water, wherein the heating device comprises:

a laser light irradiation device that irradiates laser light towards the raw water
pressurized by the pressure device; and

a condensing lens that condenses the laser light irradiated from the laser light
irradiaﬁon device on a region spaced apart from a channel wall within the channel

where the pressurized raw water tlows.

2. The water treatment device of claim 1, wherein the pressure device introduces
the raw water from a large-bore channel into a small-bore channel of which the cross-

sectional area is smaller than that of the large-bore channel to pressurize the raw water.

3. The water treatment device of claim 2, wherein at least a part of the channel
wall of the small-bore channel is transparent, and the laser light urradiation device
irradiates the laser light on a region within the small-bore channel through the

transparent channel wall.

4, The water treatment device of claim 2, wherein the small-bore channel has a
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7. The water treatment device of claim 2, wherein a thermal reflection plate is disposed on the channel
wall surface inside the channel in the channel wall opposed to the channel wall of the small-diameter
channel on which the laser light is irradiated. 8. The water treatment device of claim 1, wherein the
predetermined pressure is 1.5 MPa to 100 MPa, and the predetermined temperature is 200C to 500C.
9. The water treatment device of claim 8, wherein the predetermined pressure is 1.5 MPa to 100 MPa,
the predetermined temperature is 200C to 374C, and the raw water is in the liquid state. 10. The

water treatigpiAGCs Al GaN Sawheralndhmamedeermined pIgasH 15 ¢ Mmade.100MPa, and the

predetermined temperature is 374C to 500C. 11.A water treatment method comprising:

pressuriziqgﬂ%g\fy@t@{dqgemg@m&Mgt@@e;ﬁésg@u@tm@determined pressure; and heating
the raw water pressurized by the pressurizing to a predetermined temperature to produce supercritical

water or subcritical water and decomposes the organic substances contained in the raw water using
the supercritical water or subcritical water, wherein the heating comprises: irradiating laser light
towards thé.raw wéter presstrizeakby dbei@redstlazing; wherein the small-bore channel has a

double pipe structure, and a heat recovering gas flows through the space between the

inner pipe and the outer pipe of the double pipe structure.

6. The water treatment device of claim 2, wherein the small-bore channel has a
double pipe structure, and the space between the inner pipe and the outer pipe of the

double pipe structure 1s filled with a filler having voids.

7. The water treatment device of claim 2, wherein a thermal reflection plate is
disposed on the channe] wall surface inside the channel in the channel wall opposed to

the channel wall of the smali-diameter channel on which the laser light is irradiated.

8. The water treatment device of claim 1, wherein the predetermined pressure is

1.5 MPa to 100 MPa, and the predetermined temperature is 200 to 500C.
9. The water treatment device of claim 8, wherein the predetermined pressure is
1.5 MPa to 100 MPa, the predetermined temperature is 200C to 374C, and the raw

water is in the liquid state.

10. The water treatment device of claim 8, wherein the predetermined pressure is

22 MPa to 100 MPa, and the predetermined temperature is 374 to 500°C.
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and condensing the laser light irradiated in the irradiating on a region spaced apart from a channel
wall of within the channel where the pressurized raw water flows. 12. The water treatment method of
claim 11, wherein in the pressurizing, the raw water is introduced from a large-bore channel into a
small-bore channel of which the cross-sectional area is smaller than that of the large-bore channel to
pressurize the raw water. 13. The water treatment method of claim 12, wherein at least a part of the
channel wall of the small-bore channel is transparent, and in the irradiating, the laser light is irradiated

to a regionywithin m%m&%ﬁﬂ%@ﬁﬂd@&%&% transparent channel wall. 14. The water

treatment method of claim 12, wherein the small-bofe channel has a double pipe structure, and the

water treatment m&%&@@ﬁ%@%&ﬂﬁ'%@@rcé’é{%ﬁiﬂl asdafloviihuuet the %%@@d@%ﬁi‘fﬁﬁéﬁthe Inner
pipe and the outer pipe of the double pipe structure to recover the heat discharged from the inner

pipe. 15. Theswatestreatment method of claim 11, wherein the predetermined pressure is 1.5 MPa to
100 MPa, and the predetermined temperature is 200C to 500C. 16. The water treatment method of
claim 15, wherein teetiptedriceainechpie peeyaize? MPahto fRQMMPAnthepregeiétraingaktemperature
is 200C to 374C, and the raw water is in a liquid state. 17. The water treatment method of claim 15,
wherein thepredsteamingo@hesssrpesci@ddPadEl 00 MPajiaed thetpredétaamingebsesniderature is
374C to 500C.
organic substances contained in the raw water using the supercritical water or subcritical
water,
wherein the heating comprises:
irradiating laser light towards the raw water pressurized by the pressurizing;
and

condensing the laser light irradiated in the irradiating on a region spaced apart

from a channel wall of within the channel where the pressurized raw water flows.

12, The water treatment method of claim 11, wherein in the pressurizing, the raw
water 1s introduced from a large-bore channel into a small-bore channel of which the
cross-sectional area is smaller than that of the large-bore channel to pressurize the raw

water.

13. The water treatment method of claim 12, wherein at least a part of the channel
wall of the small-bore channel is transparent, and in the irradiating, the laser light is

irradiated to a region within the small-bore channel through the transparent channel wall.

14. The water treatment method of claim 12, wherein the small-bore channel has a
double pipe structure, and the water treatment method further includes causing a gas to

flow through the space between the inner pipe and the outer pipe of the double pipe
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structure to recover the heat discharged from the inner pipe.

15. The water treatment method of claim 11, wherein the predetermined pressure is

1.5 MPa to 100 MPa, and the predetermined temperature is 200 C to 500°C.
16. The water treatment method of claim 15, wherein the predetermined pressure is
22 MPa to 100 MPa, the predetermined temperature is 200C to 374C, and the raw

water is in a liquid state.

17. The water treatment method of claim 15, wherein the predetermined pressure is

22 MPa to 100 MPa, and the predetermined temperature is 374 C to 500°T.
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