PLASMA GENERATING METHOD AND DEVICE Technical Field [0001] This invention
relates to a plasma generating method and generating device that cause an electric discharge
to occur between a fluid and a dielectric tube. Background of the Invention [0002] In recent
years, ozone generating devices have been used in the sterilization of bacteria, fungi and
yeast; deodorizing of odorants such as aldehydes, sulfur compounds and nitrogen

compounds, bleaching of dyﬁﬂ%ﬁﬂ%@}&'ﬂﬁﬂ‘ﬁﬂ&%@ﬂ@éﬂ%ﬂﬁ‘ﬁi&é harmful

substances such as organic solvents in water and sewage treatment facilities, chemical
plants, pharhegbeigridfislgints, food factories and the like. [0003] In general, this technique
generates 0zo yng an electric discharge-type ozonizer, which mixes with the water
necessary for the process at the gas-liquid mixing section such as the bubbler, ejector, static
mixer and thdikkiayveatisingalategas npidsrnatgehd il hetredaray geassaingidatvigee of
oxygen and decomposes to oxygen at room,temperature since gzone is,a very unst b%gas.
Storng of STk Tl R ChEL R g e et T B 2 el Ho e
same time, the high processing cost compared to the treatment that utilizes chlorine is also a
problem. Background of the Invention
[0002]

In recent years, ozone generating devices have been used in the sterilization of
bacteria, fungi and yeast, deodorizing of odorants such as aldehydes, sulfur
compounds and nitrogen compounds, bleaching of dye effluents and human
waste and detoxification of harmful substances such as organic solvents in
water and sewage treatment facilities, chemical plants, pharmaceutical plants,
food factories and the like.

[0003]
In general, this technique generates ozone using an electric discharge-type
ozonizer, which mixes with the water necessary for the process at the gas-liquid
mixing section such as the bubbler, ejector, static mixer and the like, causing
the gas-liquid contact.

[0004]
However, ozone is an allotrope of oxygen and decomposes to oxygen at room
temperature since ozone is a very unstable gas. Storing of ozone is therefore
difficult, necessitating the on-site generation of ozone. At the same time, the
high processing cost compared to the treatment that utilizes chlorine is also a
problem.

[0005]

For this problem, an ozone water treatment device has been proposed wherein
a gas passage is formed between a porous ceramic pipe and high voltage
electrode by placing a high voltage electrode inside the center of the porous
ceramic pipe, and a passage for the water to be treated is formed by placing a

grounding electrode on the outside of the porous ceramic pipe as well as
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[0005] For this problem, an ozone water treatment device has been proposed wherein a gas passage
is formed between a porous ceramic pipe and high voltage electrode by placing a high voltage
electrode inside the center of the porous ceramic pipe, and a passage for the water to be treated is
formed by placing a grounding electrode on the outside of the porous ceramic pipe as well as directly
connecting it to the outer surface of the porous ceramic pipe and then connecting a high voltage, high
frequency power supply or a high-voltage pulse power supply between a high-voltage electrode and

grounding elgeEagedimaxrgmeoine Batens RassEnsmhs) pkre0e] daeuvanepipe theocass of the ozone

water treatment device described above, hi%h voltage electrodes are placed inside the center of the

porous cerdfAEHNBANKGHbRIGeUPR BERYERIIARINGES YRR iR Dighy 2iagh PYlEge,
highfrequensywasveeibpipbbteearhighiypliaggelstppnes siapdyoBranigeaiesitsumingoef the high
voltage electrode has to be determined to cause a stable electric discharge, and a dense dielectric
coating tredtERPE: (RSl Bl EHREIEAY an expensive pulse power supply are necessary. [0007]
In contrast, a dpy@Esspas been proposed which has a nozzle with a scaled-down inner diameter for the

water pipe line provided at the latter portion of the pressure part which pressure feeds the water
undergoingi@4avehtihr FeserRidhRoFeamAtes iseatseskderes despEBaIcHPEV ynthesis of

substancesyiide/gping BRAUMRIESHRD 58 ZE3RGIOHE AR IBEthE WWAlRIsIR S HHRAIREEDY

generating an electric discharge plasma by applying a high voltage on the cavitation generator for
generating 8aditigbhveliBBrR 8 ehrHS @ bligher@iase de@PpbedissHtt tHehyyeliagside electrode and

the high voliagerideciestpasop i dp s iaorisiits Ak BdasrRRIgign sfdbis cavitation

generator, and between counter electrodes; and wherein the counter electrodes are arranged along

the inner sIRRRIECHIRGOf it Highevia aesriedhedalitsiontseretenalinedts wrsmardping electric
discharge ofdbgisWia0e-pHENe RiPS HeRdPhRISEIRIC R b et RANEReNt 2)elQRAR] However, in

the case of the plasma generating device described above, the gas to be dissolved in advance to the
water undefybiRGrBathRnE¥RR BRIMEratESSUPPIEY RHRRIVIBIFOPRSERSANINg electric discharge at the
gas-liquid intermgrbitrarily adjusting the amount of gas is difficult and cavitation bubbles are not
generated if the liqu d to be treated is degassed. Further, since electric discharge does not occur in
areas otherlthaonirasteacdeivatiphasubbtes pnepgeadratadhihasdifimaziomtie dedatethbdmwnlarged.

inner diameter for the water pipe line provided at the latter portion of the
pressure part which pressure feeds the water undergoing treatment; which
carries out treatment processes such as degradation or synthesis of substances
undergoing treatment such as organic matter contained in water to be treated
by generating an electric discharge plasma by applying a high voltage on the
cavitation generator for generating cavitation bubbles, on the counter electrodes
consisting of the ground side electrode and the high voltage side electrode
provided to face the vicinity of the latter portion of the cavitation generator, and
between counter electrodes; and wherein the counter electrodes are arranged
along the inner surface of the water pipe line inside the cavitation generator so
as to form a creeping electric discharge on the surface of the pipe line (for
example, see Patent Document 2).

[0008]
However, in the case of the plasma generating device described above, the gas
to be dissolved in advance to the water undergoing treatment will generate
bubbles via cavitation performing electric discharge at the gas-liquid interface.

Arbitrarily adjusting the amount of gas is difficult and cavitation bubbles are not



Prior Art Documents Patent Documents [0009] [Patent Document 1] JP Patent Publica on No.
2002-126769 [Patent Document 2] JP Patent Publication No. 2009-119347 Summary of Invention
Problems to be Solved by the Invention [0010] The results of the intensive research done by the
nventors to solve the problems described above showed that by causing an electric discharge to occur
while passing the fluid through the dielectric tube, any fluid and any gas can be controlled at any flow
rate, which further led to the provision of a plasma generating method and generating device that can

generate plgsisritdder a36 RNAgaape thedigyits plasss vt lerdigpelvismhdeecasiia the fluid with high
efficiency by forming an aspirator structure. Means of Solving the Problem [0011] The plasma

generating HIEHGHIEAOGSHRPLANG HeDiAeRHAL RIVEIRTI RE IE FRMBE Y GURBISHR Dlasma with an

electric discisgeatathin » digfieciticoiuib iedeplYinBaamiagsdto a supplied gas, wherein its first
characteristic is: a high voltage electrode is arranged on the outer side of the dielectric tube, a
grounding electrode is arranged in a fluid that is discharged into the dielectric tube while remaining at a

distance froppigreainmesqeariemgter of the dielectric tube

Patent Documents
[0009]
[Patent Document 1] JP Patent Publication No. 2002-126769
[Patent Document 2] JP Patent Publication No. 2009-119347

Summary of Invention

Problems to be Solved by the Invention
[0010]

The results of the intensive research done by the inventors to solve the
problems described above showed that by causing an electric discharge to
occur while passing the fluid through the dielectric tube, any fluid and any gas
can be controlled at any flow rate, which further led to the provision of a plasma
generating method and generating device that can generate plasma in the gas
phase and the liquid phase while dissolving the gas in the fluid with high

efficiency by forming an aspirator structure.

Means of Solving the Problem
[0011]

The plasma generating method and generating device of this invention is a
method of generating plasma with an electric discharge within a dielectric tube
by applying a voltage to a supplied gas, wherein its first characteristic is: a high
voltage electrode is arranged on the outer side of the dielectric tube, a
grounding electrode is arranged in a fluid that is discharged into the dielectric

tube while remaining at a distance from the inner perimeter of the dielectric tube
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and by applying a voltage to the grounding electrode and high voltage electrode connected to the
power supply, an electric discharge occurs between the inner wall of the dielectric tube and the fluid.
[0012] The second characterislic of the device involves the positioning of a water passage pipe, which
is used for discharging fluid to the dielectric tube, within or above the dielectric tube. [0013] The third
characteristic of the method of generating plasma with an electric discharge within a dielectric tube by
applying a voltage to a supplied gas involves the following: a high voltage electrode is arranged on the

outer side Giri@epfiaigstyinduponatates BRSSREENRIPE) iSlabirb@s Al el whishetkecltiddeasses
through the interior of the dielectric tube, a grounding electrode is arrang%j in a fluid that is discharged
[

through theSRARGHAELQdBDRRNRICHRP ML PIGEE dISRIArRE AGEHMIRE WERRINNG MNSdistance

from the inngaIpefitnetaredé checdighechiiel ttHeeflaiad by applying a voltage to the grounding electrode
and high voltagl]e elecirode connected to the power supply, an electric discharge is caused to occur
between the inh8PV&NI of the dielectric tube and the water passage pipe. [0014] Furthermore, the

fourth charagteriglic,atihn ARsthak AR AMEcEidBah R alHRSBLIIE ARG Vi Agatigned supplied gas

and the volume of the fluid will have a gas-liquid ratio of 0.5 or less, and the fifth characteristic of the
device is thapgs@a® Mleemehifdhistuseppirsdiged tainselbiih ép hgadie\estaming et VeB¥n}ygen or an
inert gas. [AAlT 6 shidibehsr agigyistic of the method and device is that fluid that passes through the
portion where the electric discharge occurs is again used as the fluid that is discharged into the interior
of the dielectrid @53 br it is returned to the upstream side of the water passage pipe again, thus

cireulating the i Fayriher, (e reveni sharaclerplc oL e meied andileyice s pat the
connections of the gie ectric tube, water passage pipe and an SEWhich Introdtces the supplied gas
are formed tisbhaegievitrinctudietd @riaspimtuy applyorgaeghitige tvessuppliegrgdsiced in the gap
between the fluid thaj is di raoed fr. he dischar rt o er pas i the interior
of the dielei?&c% i&%%%v%h@ﬁ@a%@ég (ﬁ .‘gwl?t%??% t%eg gF%Bégg'g n%%?tﬁ%yﬁﬁ?‘ e%e;%g{?ﬁ? (%?(‘:grl%?ge into the
fluid by cavitatidielercaiditibn, theaighffachagacrepistie & thageatigenahtwiy dethesficamsists of a
dielectric tu ' i t tr tSi r ipe that is positioned
within or ab%%%%%%&%%ﬁ%ﬁ%@gé § rSﬁ%e.?\!’ggeFFSCﬁ%Z@?r%%?éﬁ pelitiey (ﬁlg?:gﬁtact with a fluid
that is disclatrgedeatinthdlintktiatds tieakislgedidnumeghvitiie veatarimiagsaige @igaritto ffoen the inner

perimeter Ofn%‘?iQﬂeé?ﬁﬁgfifb‘%)fegﬁﬂBqLﬂ;B‘?N"Y{?l%%‘é‘PRQH%" hich &g dHel HRtRYReSislpde and grounding

electrode are connecte
perimeter of the dielectric tube, and by applying a voltage to the grounding

electrode and high voltage electrode connected to the power supply, an electric
discharge is caused to occur between the inner wall of the dielectric tube and
the water passage pipe.

[0014]
Furthermore, the fourth characteristic of the method and device is that the
volume of the above-mentioned supplied gas and the volume of the fluid will
have a gas-liquid ratio of 0.5 or less, and the fifth characteristic of the device is
that the above-mentioned supplied gas can be either a gas containing at least
oxygen or an inert gas.

[0015]
The sixth characteristic of the method and device is that fluid that passes
through the portion where the electric discharge occurs is again used as the
fluid that is discharged into the interior of the dielectric tube, or it is returned to
the upstream side of the water passage pipe again, thus circulating the fluid.

Further, the seventh characteristic of the method and device is that the
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The ninth characteristic is that the high voltage electrode is arranged outside the dielectric tube at the
portion where the dielectric tube and the water passage pipe overlaps. The tenth characteristic is that
the grounding electrode is positioned in the fluid that is excreted from the interior of the dielectric tube
or from the dielectric tube. [0017] In addition, the eleventh characteristic is that the grounding electrode
is coated with an insulating compound, and the twelfth characteristic is that the insulating compound is
glass. [0018] Further, the thirteenth characteristic is that the dielectric tube is at least made of either

ceramic or glsmse80A8ldntAdditisIBcthe fobslerBtBrobasastsiplisd sftphimMeiaiBRSSage pipe is

made from one of the following materials: ceramics, glass, resin or metal. The fifteenth characteristic is

that the afolSLQRMRESIHNE SYRIIIRL IRSBERIIY; %@W#Gr&ﬂ@ﬁt{ﬁ’é’%\ﬁe@‘rﬁﬂ ESRIRIZri&ic is that the

portion whesgdhg alegitivéliseage es presinasdinttnetyep thatwestinhduftuiddbal has passed
through to the upstream side of the water passage pipe again to circulate the fluid, The seventeenth

characterisfSE FALEAdr a0 &6 i sGHardRA ha Ly WAIEE RARPANS RRSABHIRS 18I '0R He dielectric
tube is formed WdiauRitEISEUehith s espikoN tiffesid tsIgeatged by the electric

discharge into the fluid by cavitation. In addition, the eighth characteristic is that
the generating device consists of a dielectric tube with a high voltage electrode
placed outside, a water passage pipe that is positioned within or above the
dielectric tube, a grounding electrode arranged so as to be in contact with a fluid
that is discharged into the interior of the dielectric tube while remaining at a
distance from the inner perimeter of the dielectric tube, and a power supply to
which the high voltage electrode and grounding electrode are connected.

[0016]

The ninth characteristic is that the high voltage electrode is arranged outside
the dielectric tube at the portion where the dielectric tube and the water
passage pipe overlaps. The tenth characteristic is that the grounding electrode
is positioned in the fluid that is excreted from the interior of the dielectric tube or
from the dielectric tube.

[0017]

In addition, the eleventh characteristic is that the grounding electrode is coated
with an insulating compound, and the twelfth characteristic is that the insulating
compound is glass.

[0018]
Further, the thirteenth characteristic is that the dielectric tube is at least made of
either ceramic or glass.

[0019]
In addition, the fourteenth characteristic is that the water passage pipe is made
from one of the following materials: ceramics, glass, resin or metal. The fifteenth
characteristic is that the aforesaid resin is a fluorine-based resin.

[0020]

Further, the sixteenth characteristic is that the portion where the electric
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[0021] The following superior effects are obtained from the plasma generating method and generating
device of this invention. [0022] (1) By using the plasma generating method and plasma generating
device of the present invention, it is possible for the plasma to be irradiated directly or in the vicinity of
the fluid to be treated. (2) If the supplied gas contains oxygen, it is possible to generate a large
amount of ozone. Thus, it is not only possible to supply a large amount of ozone directly to the fluid,
but also possible to generate active species such as OH radicals. (3) By controlling the gas-liquid ratio

of the gas anddhieyt becingodiscadinietihe thaledtitighpelfiisidassitiadpdissdvaibegpzone
generated by the electric discharge into the fluid with high efficiency. _(4)|g€/ﬁforming the aspirator

structure, a'8ttBRJ'REHERATR PSSl IBS VAT RSP RPTRIBE FBRINVEL ARG AR aiarged from

;he dilscharh@@\mrtey‘rmeowatgﬁt@z%tgg@ Enﬁ(e tﬁ@ogﬁb%mtﬁrim, twgtdieaﬁgdgfgutpﬂpwbm fl;rtEer
issolves the ozone gas into the fluid with hjgh efficiency by cavitation. Brief Description of the
Drawings [(DE42S Il aQviseran i AIRIEs i Ubp S HENES (e nay S ieir b ShaRent of the

invention. aspirator.

Effects of the Invention

[0021]
The following superior effects are obtained from the plasma generating method
and generating device of this invention.

[0022]
(1) By using the plasma generating method and plasma generating device of
the present invention, it is possible for the plasma to be irradiated directly or in
the vicinity of the fluid to be treated.
(2) If the supplied gas contains oxygen, it is possible to generate a large amount
of ozone. Thus, it is not only possible to supply a large amount of ozone directly
to the fluid, but also possible to generate active species such as OH radicals.
(3) By controlling the gas-liquid ratio of the gas and fluid to be introduced into
the dielectric tube, it is possible to dissolve the ozone generated by the electric
discharge into the fluid with high efficiency.
(4) By forming the aspirator structure, a strong negative pressure is produced in
the gap between the fluid that is discharged from the discharge port of the water
passage pipe and the interior of the dielectric tube, which further dissolves the

ozone gas into the fluid with high efficiency by cavitation.



Figure 2. A diagram showing the plasma generating device of the first embodiment of the invention.
Figure 3A. A photograph showing the experimental results in the first embodiment of the invention.
Figure 4..A schematic view of the plasma generating device of the second embodiment of the
invention.  Figure 5. A graph showing the changes in the generated ozone concentration and
dissolved ozone concentration with electric discharge time in Example 1. Figure 6. A flow diagram of
the experimental set-up in Example 1.  Figure 7. A graph showing the relationship between the

gas-liquid rg@ieandsaestioscbsting effinigngy from Example 2 through Example 5 and Comparative

Example 1. Figure 8.
graph showing f@

diagram showing the plasma generating device in Example 6.  Figure 9. A
nges in the generated ozone concentration and dissolved ozone concentration

with electric disghgrge Yme ok RIS of tHdBEH A BRrRBIPBME N Fngsgidhe generated

ozone concentration and dissolved 6zone concentration with electric discharge time in Example 7.
Figure 11. Riphetdtrapioshowing the experimental results in Example 8. Figure 12. A graph

showing the changies 1 tAeieReiAleH SRRPIRENSBHA g BRIG dEGicisshmgqitipe in Example 9.

embodiment of the invention.

Figure 3A. A photograph showing the experimental results in the first

embodiment of the invention.

Figure 4..A schematic view of the plasma generating device of the second

embodiment of the invention.

Figure 5. A graph showing the changes in the generated ozone

concentration and dissolved ozone concentration with electric discharge time in

Example 1.

Figure 6. A flow diagram of the experimental set-up in Example 1.

Figure 7. A graph showing the relationship between the gas-liquid ratio and

the dissolution efficiency from Example 2 through Example 5 and Comparative

Example 1.

Figure 8. A diagram showing the plasma generating device in Example 6.

Figure 9. A graph showing the changes in the generated ozone

concentration and dissolved ozone concentration with electric discharge time in

Example 6.

Figure 10. A graph showing the changes in the generated ozone

concentration and dissolved ozone concentration with electric discharge time in

Example 7.

Figure 11. A photograph showing the experimental results in Example 8.

Figure 12. A graph showing the changes in the generated ozone

concentration with electric discharge time in Example 9.

Figure 13. A diagram showing the plasma generating device in Example 10.

Figure 14. A photograph showing the experimental results in Example 10.

Figure 15. A schematic diagram of the generating device in Example 10.

Figure 16. A graph showing the changes in the generated ozone



Figure 13. A diagram showing the plasma generating device in Example 10. Figure 14. A photograph
showing the experimental results in Example 10. Figure 15. A schematic diagram of the generating
device in Example 10. Figure 16. A graph showing the changes in the generated ozone concentration
with electric discharge time in Example 11 and Comparative Example 2 through Comparative Example
4. Figure 17. A graph showing the changes in the amount of methylene blue decolorization with
electric discharge time in Example 11 and Comparative Example 2 through Comparative Example 4.

Figure 18. Asliegraratiliowing sheoplauniuerey aing idamiemipiExanle Ednmiaweivid. A photograph

showing the_experimental results in Example 12. Fi?;illge 20. A schematic diagram of the plasma

generating FEGEPIR £{AmPRN LLomPgrie XA showing the changes in the generated ozone

ggncentfat:qonhambdiﬁiqfﬂe}:l 92@|BIE W@%@Wﬂﬁ@?&e@gﬂﬁ&ﬁﬁb@gﬁ?ﬁ W@ﬂﬁr@@lﬂﬁlﬁell Fi?ure
. A graph showing the relationship between the gas-liquid ratjo and the dissolution efficiency from
Example LSRFAIGEHARTIE FISSHLE CAPRIE ISR SSRE the AVLRETPRIHNE 23. A diagram

showing theEpiasipia gahesatRoCRvicaritikx@x@iapld 4rigure 24. A graph showing the changes in the
gigfnfgfg O O e B R ATadrs Showing A8 Plastna Ganeraing devica i Exampi 15 e "
Figure 19. A photograph showing the experimental results in Example 12.
Figure 20. A schematic diagram of the plasma generating device in
Example 12.
Figure 21. A graph showing the changes in the generated ozone
concentration and dissolved ozone concentration with electric discharge time in
Example 12.
Figure 22. A graph showing the relationship between the gas-liquid ratio
and the dissolution efficiency from Example 13 through Example 16 and
Comparative Example 5 of the invention.
Figure 23. A diagram showing the plasma generating device in Example 17.
Figure 24. A graph showing the changes in the generated ozone
concentration and dissolved ozone concentration with electric discharge time in
Example 17.
Figure 25. A graph showing the changes in the generated ozone
concentration and dissolved ozone concentration with electric discharge time in
Example 18.
Figure 26. A photograph showing the experimental results in Example 19.
Figure 27.A graph showing the changes in the generated ozone

concentration with electric discharge time in Example 20.

Mode For Carrying Out the Invention
[0024]
Embodiment 1
The first embodiment of the invention will be explained below based on Figure 2

and Figure 8, although it is to be understood that the invention is not limited to



Figure 25. A graph showing the changes in the generated ozone concentration and dissolved ozone
concentration with electric discharge time in Example 18. Figure 26. A photograph showing the
experimental results in Example 19. Figure 27.A graph showing the changes in the generated ozone
concentration with electric discharge time in Example 20. Mode For Carrying Out the Invention [0024]
Embodiment 1 The first embodiment of the invention will be explained below based on Figure 2 and
Figure 8, although it is to be understood that the invention is not limited to this embodiment.

this embodiment.

[0025]
The plasma generating device of this invention in Figure 2 consists of the
dielectric tube 1, water passage 2, high voltage electrode 3, grounding
electrode 4, power supply 5 and gas inlet tube 6 and is formed to have the
structure of an aspirator.

[0026]

The dielectric tube 1 is made of glass and is substantially cylindrical-shaped.
Although the cross section of the dielectric tube 1 may be square, diamond-
shaped, or even polygonal, it is preferable for the high voltage electrode 3 to be
circular for ease of placement.

[0027]

The water passage pipe 2 is located with its center of circle being identical to
that of the dielectric tube 1, and the discharge port of the water passage pipe 2
is arranged at the upstream side of the high voltage electrode 3 portion that is
positioned on the dielectric tube 1. Although the cross section of the water
passage pipe 2 may be square, diamond-shaped, or even polygonal, since the
water passage pipe 2 will function as a dielectric, it is preferable for the water
passage pipe 2 to have the same shape as the dielectric tube 1 so that its gap
with the dielectric tube 1 will be uniform.

[0028]

The fluid introduced into the water passage pipe 2 should be supplied under
pressure by a difference in elevation or by pump, wherein the fluid is a liquid or
a gas containing a liquid as exemplified by steam. The introduced fluid goes
through the water passage pipe 2, passing through the interior of the dielectric
tube 1. However in order to cause the generation of the electric discharge
plasma between the fluid and the inner wall of the dielectric tube 1 at the portion
where the high voltage electrode 3 is positioned, it is preferable that the fluid
does not adhere to the inner wall of the dielectric tube 1 at the portion where the
high voltage electrode 3 was positioned. However, even if the fluid adheres to

the inner wall of the dielectric wall 1, the electric discharge plasma will still be
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[0025] The plasma generating device of this invention in Figure 2 consists of the dielectric tube 1,
water passage 2, high voltage electrode 3, grounding electrode 4, power supply 5 and gas inlet tube 6
and is formed to have the structure of an aspirator. [0026] The dielectric tube 1 is made of glass and
is substantially cylindrical-shaped. Although the cross section of the dielectric tube 1 may be square,
diamond-shaped, or even polygonal, it is preferable for the high voltage electrode 3 to be circular for
ease of placement. [0027] The water passage pipe 2 is located with its center of circle being identical

to that of thgehelegbiirditee farnsptirediardasem @ ihahthRUNRIRIPRSERYMBIBEUStIDRIBARGSd at the
upstream side of the high voltage electrode 3 portion that is positioned on the dielectric tube 1.

Although th8&oss section of the water passage pipe 2 may be square, diamond-shaped, or even
polygonal, sincpoiiieoyyater passage pipe 2 will function as a dielectric, it is preferable for the water
passage pipe 2 to have the same shape as the dielectric tube 1 so that its gap with the dielectric tube

1 will be unifofie[veiRg]ty Phéhrftuit reauee S o tisaiiteb phit da geaipsablestalPpessapplied under
pressure by, Jiffgeenes KbRIEYRHIRELIINE Wb XBRSEIRR L iScaichticharia gRerrtaining a

liquid as exemplified by steam. The introduced fluid goes through the water passage pipe 2, passing
through thedigehryiost fiesdasextidieihis caltslaiodiTamrthe teeatass i HiaprwohSHIPY electric

discharge piaggiRPEIWEERINEIUIR S addsenaiehdpl PEIBERe st i8S dcp dacpgHion where the

high voltage electrode 3 is positioned, 1t is preferable that the fluid does not adhere to the inner wall of

the dielectri®t@beerflyidhi [soptieferantedanthrigmesipi gl Buidiphdea@sis st as:igbitever, even if
the fluid adhsficoplasPRRS Rl e dilRstie gt slsatic s Rsasplhsa will sill be

generated since gas spaces are formed in the fluid dué to the introduction of the gas.
structure, a strong negative pressure is produced in the gap between the fluid

that is discharged from the discharge port of the water passage pipe 2 and the
interior of the dielectric tube 1, which increases the dissolution efficiency due to
resultant cavitation that occurs at the discharge port.

[0030]

The high voltage electrode 3 is wrapped around the outside of the dielectric
tube 1 while the grounding electrode 4 is positioned at the center of the interior
of dielectric tube 1, and each is connected to the power source 5. When the gas
is introduced from the gas inlet tube 6 while voltage is being applied to the fluid,
an electric discharge is generated circumferentially between the fluid and the
inner wall of the dielectric tube 1 at the portion where the high voltage electrode
3 is positioned.

[0031]

The grounding electrode 4 can be positioned in the interior of the dielectric
tube 1 as shown in Figure 2 or in the fluid that is discharged from the dielectric
tube 1 as shown in Figure 8. If the grounding electrode 4 is positioned in the
interior of the dielectric tube 1, the gap between the high voltage electrode 3
and the grounding electrode 4 decreases, inducing a strong electric field that
makes electric discharge easy. However, if the electric conductivity of the fluid
is high, for example in the case of seawater, a strong electric field is generated
and electric discharge will be easy, even if the grounding electrode 4 is

positioned in the fluid that is discharged from the dielectric tube 1. Therefore,
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[0029] The velocity of the fluid can be set arbitrarily, but it is preferable to choose a flow rate that
corresponds to the purpose of the fluid to be treated via electric discharge frequency which is
calculated from the frequency of the power supply 5 being used. To dissolve gas generated by electric
discharge such as ozone into the fluid, it is preferable for the amount of fluid and gas to have a
gas-liquid ratio of 0.5 or less. Further, as shown in Figure 2, by forming the aspirator structure, a
strong negative pressure is produced in the gap between the fluid that is discharged from the

discharge ppis pbiIgoNBETRAGREGIMIREcR-nddeeti B s the dislacsrakbeaturhickhiacreases the

dissolution efficiency due to resultant cavitation that occurs at the discharge port. [0030] The high
voltage elediiflie 3is wrapped around the outside of the dielectric tube 1 while the grounding
electrode 4 is Jemior)ed at the center of the interior of dielectric tube 1, and each is connected to the
power source 5. When the gas is introduced from the gas inlet tube 6 while voltage is being applied to

the fluid, an eldeneevpsdngigEsisufihastearacanftaairRe ploehsbonighbelghrans fre theer wall of the
dielectric tug, 1 i oLV ACHR Bih BiRG ¥RIAGSEIRFL e IR RASHIBRRY ORIty dde grounding

electrode 4can be positioned in the interior of the dielectric tube 1 as shown in Figure 2 or in the fluid
that is disclRiised@oie the aleréenieftitaial eenapeneNts ik @8 Wheiewashitgri§electrode 4 is

positioned ig dag-gHRr 104 @ S URRATHMY BR dirlif IPBREIY RN IBS DN Y0 SRR Slpgirpsle 3 and the

grounding electrode 4 decreases, inducing a strong electric field that makes electric discharge easy.
However, ifGABBRbIE: RiaRVigiatsiehiehdiahaypntell diglafiriciaansteatans iessvater, a strong
electric field;|gsnprisdangglectric discharge will be easy, even if the grounding electrode 4 is
positioned in the fluid that is discharged from the dielectric tube 1. Therefore, the position of the
grounding elech@R@3] may be set based on the nature of the fluid. [0032] Moreover, metals such as

copper or staipiasa-slpel ShguILoRaeRen [RIhegrounding gleaiode i depanding on the nature of
due o the el% P Ig[ asw

the fluid. However, iTissues arise tion of metal components suc en washing the
electronic pplasnbergs@iadinhedécasidantshulbizbe evasistanthvenlmglastritpeorg oand|ipreferably

glass whichdtiwgg &ﬁé‘b%h@{%ﬁ%%&?@%%‘i&aﬂd less elution into the fluid. [0033]
[0034]

Any material can be chosen for the water passage tube 2. Because a material
serves as a dielectric as long as it is highly insulating, any material may be
selected based on its dielectric constant. Ceramics, glass and resins are good
for their excellent plasma-resistance, ozone-resistance and durability, with glass
and fluorine-based resins being particularly preferable. In addition, highly
conductive metallic materials can also be used. In the case of a metallic
material, a strong electric field is generated at the dielectric tube 1, making
electric discharge easy. Moreover, if a metallic material is chosen for the water
passage pipe 2, the installation electrode 4 may be arranged on the water
passage pipe 2 itself, which would save time and effort in the production.

[0035]

The gas to be introduced can either be supplied under pressure by a blower,
compressed gas cylinder and the like, or it can enter by itself using the negative
pressure generated when the fluid passes through. In either case, the gas is
introduced into the interior of the dielectric tube 1 through the gas inlet tube 6.
The gas to be utilized can be determined arbitrarily according to the purpose of

the fluid that is to be treated, however, in order to generate active species such
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The material of the dielectric tube 1 may be ceramics or glass which are plasma-resistant,
heat-resistant and ozone-resistant, while glass having a small dielectric constant is preferable. [0034]
Any material can be chosen for the water passage tube 2. Because a material serves as a dielectric as
long as it is highly insulating, any material may be selected based on its dielectric constant. Ceramics,
glass and resins are good for their excellent plasma-resistance, ozone-resistance and durability, with
glass and fluorine-based resins being particularly preferable. In addition, highly conductive metallic

materials cas @ls6riRed/<OH fadicalsagaotarmatmis MatRiial sHinaGelestinaldds generated at the

dielectric tube 1, making electric discharge easy. Moreover, if a metallic material is chosen for the

water passdHRBED, RS ARSI LRI BIBSBHPa N Y B S s RAUVESH IHES AW passage pipe 2 itself,

which woulgsryrerine and inBergisthtapredusiéan. [0035] The gas to be introduced can either be
supplied under pressure by a blower, compressed gas cylinder and the like, or it can enter by itself
using the negati efﬁ ssure generated when the fluid passes through. In either case, the gas is
introduced into the interior of the dielectric tube 1 through the gas inlet tube 6. The gas to be utilized
can be determined arbitrarily according to the purpose of the fluid that is to be treated, however, in
order to gefeTleHRRRE pecies such as ozone or OH radicals, gas containing oxygen 7 should at
least be used. Moreover, if the gas containing oxygen 7 will be dissolved in the fluid beforehand, an
inert gas may be used. [0036] Embodiment 2 Next, second embodiment of the invention will be

explained beldl@Haseadi mahedmeiaiLes the dnertipnavilbbe xelan etedplpn Bes 8 Bt limited to

this embodiggife 4, Figure 13 and Figure 15, however the invention is not limited to this
embodiment.
[0037]
The description of the plasma generating device will be omitted because it is
the same as that of the first embodiment.

[0038]

As shown in Figure 13, the water passage pipe 2 is located on the center of
the same circle as the dielectric tube 1, and the discharge port of the water
passage pipe 2 is arranged at the downstream side of the high voltage
electrode 3 portion that is positioned on the dielectric tube 1.

[0039]

In the plasma generating device, the electric discharge basically occurs
between the fluid and the inner wall of the dielectric tube 1 at the portion where
the high voltage electrode 3 was positioned, but it is not necessary for the fluid
to be present at the inner wall of the dielectric tube 1 at the portion where the
high voltage electrode 3 was positioned. Since an electric discharge is
generated in a region where the electric field becomes strong, by placing the
discharge port of the water passage pipe 2 at the vicinity downstream of the
inner wall of the dielectric tube 1 where the high voltage electrode 3 is
positioned as shown in Figure 13, a strong electric field is generated between
the fluid and the inner wall of the dielectric tube 1 as shown in Figure 15,
causing the electric discharge to occur.
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[0037] The description of the plasma generating device will be omitted because it is the same as that
of the first embodiment. [0038] As shown in Figure 13, the water passage pipe 2 is located on the
center of the same circle as the dielectric tube 1, and the discharge port of the water passage pipe 2 is
arranged at the downstream side of the high voltage electrode 3 portion that is positioned on the
dielectric tube 1. [0039] In the plasma generating device, the electric discharge basically occurs
between the fluid and the inner wall of the dielectric tube 1 at the portion where the high voltage
electrode 3 wagggpitjoned, but it is not necessary for the fluid to be present at the inner wall of the
dielectric tube 1 at the portion where the high voltage electrode 3 was positioned. Since an electric

discharge is g%ﬁ@fmwimd:_i@@mrﬂvdﬁﬁ?@_ fecdisceiechicitopdt anesreiesip, by ﬂl&diﬁ@fﬂf@@ischarge
port of the water RASFOMEIBR R AHINRIKE 1IN HVBSHRA ARG YL REJReiRieayie tube 1

where the high voltage electrode 3 is positioned as shown in Figure 137 a strong electric field is
generated Betsveesiinaemid imoapessaet wanantal @«desstiantbisteassshetwernrigifits, causing

the electric gispRuasdROGRAIOR LsaheiR e aibi slgsiindpciians ggneratedin

the fluid and the inner wall of the dielectric tube 1 at the portion'where the high voltage electrode 3 is

positioned, @ fioneesiiay sbavid Raimawdastinthpsiieco betike walerfRAgRELtRPEI I8¢ tric tube 1

for a stable glegHie-AEE RGOV B L RRERMBURS BelloMsVRRIHISE BlloWdiBr faguRiRd in the
interior of the water passage pipe 2 or a constant pressure valve or the like should be _E_rowded at the

water pass®iReptpéP. 1bp eteesthandaih e dirchriGmpgst irkher WRisTRapsRES 2 is placed at
the vicinity dpwasimaRsafitiapaswalos B AReRiHe YRR brhE s HiehdadsiiRstrode 3is

positioned to generate an elecfric discharge as shown in Figure 15, the distance between the fluid and

the inner wilioPig vRtiRga el aaidastisePpsitienafHeraanerrigr-AoRiast 6l isFEaRIdDositioned
would be fixgfhgiRGR FIGUHSABRTGR BREHIIODNAEENATS IR 2HE Thiseh Waneesyen without a

flow rectifier, constant pressure valve or the like in the water passage pipe 2, a stable electric

discharge CARIBSHIREDBCLASEHAROTIAR et dNR I IR SIREIRee 3RO TRABRY. upon the
application gl auiicisiarsiireaie Medislea bR heawiianp.alesic igl ssalsaenerated at the

interior of the water passage 2, so a gas-liquid interface electric discharge Is generated between the
gas and the 1Rf8-i6 YBE WHBoHE P FerdiliascanstamBrResHfenatie QR s idiige water

passage pipgatefpddagdanapuall 9isias digikeiie HeenhajdhaRUTMMYB eI RighovRlige
electrode 3 is positioned must be the length in which the electric discharge is extended. This length

can be deteé?hfiriB8 MPerevAlbpidhsrdifiantic: RenbiELENe HRIBINR PRRYIQ2HAR Bfcouter diameter

of the watespfirsageRIRgge fodthe @eBkritf thsdnfer/atohihe Eneat diameies b herdipiesdric pipe 1
and the outer diameter of the water passage gégte 2 is 0.5 mm, and the distance between the

discharge pRirt¥t IRETIRRAS HAR RIS HAAS PR K RO RrRASVIIUA IRteHRRECR IR AHiISEHS RN the high

voltage elegirgdactitrppiingschitedyasraatlass Ihan tharlagie discharge will be generated
between the inng(r)d\i\qalll of the dielectric tube 1 and the fluid that was discharged from the discharge

port of
In this case, the distance of the discharge port of the water passage pipe 2 and

the inner wall of the dielectric tube 1 at the portion where the high voltage
electrode 3 is positioned must be the length in which the electric discharge is
extended. This length can be determined by the interval of the inner diameter of
the dielectric pipe 1 and the outer diameter of the water passage pipe 2. For
example, if the interval of the inner diameter of the dielectric pipe 1 and the
outer diameter of the water passage pipe 2 is 0.5 mm, and the distance
between the discharge port of the water passage pipe 2 and the inner wall of
the dielectric tube 1 wherein the high voltage electrode 3 is positioned is 20 mm
or less, then the electric discharge will be generated between the inner wall of

the dielectric tube 1 and the fluid that was discharged from the discharge port of
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the water passage pipe 2. Further, if a porous ceramic is used for the water passage pipe 2, the fluid
will effuse from the porous holes, and since the electric discharge is generated between the fluid
effusing from the pores and the inner wall of the d electric tube 1 at the portion where the high voltage
electrode 3 is positioned, the effort to rectify the fluid is eliminated. Any material can be chosen for the
water passage tube 2. A material also serves as a dielectric as long as it is highly insulating, so any
material may be selected based on its dielectric constant. However, ceramics, glass and resins are

good for thefeewerbiepriasgeaniesistangaherone- [frRIstRNES - antcdyraddifyowittalrgsand

fluorine-based resins being preferable, In addition, highly conductive metallic materials can also be

used. In caS@SSAREAMR kit udl e R HgIdiiRAiar S gase Ale PR dGaEiC ube 1,
making elecfiieifisgbatogersutddaseavesanitadiriiallisrinairyinbis chessirderdhe wataiassage pipe

2, the grounding electrode 4 may be arranged on the water passage pipe 2 itself, which would save
time and eﬁ’&ﬁ”iﬁ%‘?éep B’dﬁaﬂfn.L@fa?n%ié'%ﬂd’morb‘ﬁﬁf‘d&rgﬁg'ﬁ?ér’g’{%&ﬁﬁiﬁﬁ%qﬁ@é?ectric
discharge, podigshadstinzeffetapcestBtivr Antdissdivathesonamontastiatieanesss were performed
using the abpve-mentioned embodiment of Eh%%nvention The measurement methods for the test are

shown belo'48623P{ 1) fIWALE 8RR tHR e AR S ARCSSER fRd AL IBRSse 0zone
concentratigghgnetert i©highlynasufatiyesoyny kiafERA Griportier cibievezedeseoinsentration sensor

is inserted Lti%the %EQ of thi%vfi tér receivircl%%ank, andlthe enerated ozone confcertl ration was
measured ﬁ'lﬁ rbga%‘?ﬁﬁ 0ZMNELBhEH NG PERT . Si Kﬁéé[%%?é&@ﬂf’gf e'Bi€solved Ozone
Concentratigxcell2issplasthazes’s eongse riraiienewstiitsnde-aadriunratsiiityredibyy RKKa@A Corporation

fluorine-based resins being preferable. In addition, highly conductive metallic

materials can also be used. In case a metallic material is used, a strong electric

field is generated at the dielectric tube 1, making electric discharge easy.

Moreover, if a metallic material is chosen for the water passage pipe 2, the

grounding electrode 4 may be arranged on the water passage pipe 2 itself,

which would save time and effort in the production.

Example
[0042]

Photographs were taken during the electric discharge, and exhaust ozone
concentration and dissolved ozone concentration tests were performed using
the above-mentioned embodiment of the invention. The measurement methods
for the test are shown below.

[0043]

(1) Measurement of the Generated Ozone Concentration

Gas-phase ozone concentration meter: OZ-30 manufactured by DKK-TOA

Corporation

The ozone concentration sensor is inserted to the top of the water receiving
tank, and the generated ozone concentration was measured using a gas-phase
ozone concentration meter.

(2) Measurement of the Dissolved Ozone Concentration
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The dissolved ozone concentration is measured by placing the dissolved ozone concentration sensor
in the circulation tank. [0044] Example 1 Figure 1 shows the flow diagram of the experimental set-up.
The experimental set-up consists of the plasma generation device, a water receiving tank (6 L volume
of water) that receives the treated water discharged from the plasma generating device and which is
equipped with an ozone concentration sensor in the upper surface of the water, and a circulation tank
(2 L volume of water) that circulates the tap water, which is equipped with a dissolved ozone
concentration5RRsMR! 830 H\ssrisdinegioh thwatea 200 imsaonesteddoihptFORCeiving tank by
a pipe. The experimental set-up is connected from the circulation tank to the plasma generating device
using a ma f?@'@ﬁ\%"pump and silicon rubber tubing, while the gas inlet of the plasma generating

device and thgigx\{iesolasl areBeeIeatRifaNDIacvandd PP Asrhevndisdopee 2, the main
body of the plasma generatin_gfﬂdevice is,made of glass and is formed to have the structure of an

aspirator. THEANGEPRERAUFLAN DS 1R LrHIaHoL NS mm inner diameter) is positioned with its
center of circle[iggaygal to that of the dielectric tube 1 (10 mm outer diameter, 8 mm inner diameter)
and a high voltage electrode 3 made of a 10 mm width copper tape is wrapped around the outside of
the dielectric tube 1 so that the 10 mm point at the downstream side from the discharge port of the
water pass&@pipte 4 becomes the center. The stainless steel grounding electrode 4 with a diameter
of 1mm is inserted from the vicinity of the gas inlet to the water passage pipe 2 and the dielectric tube
1, and the higpygltagesalaciare RAandidepunfbicrlegkada<uAta I cuInastfido the power supply 5.
The magnetic drive pump is activated to Circulate the tap water at a flow rate of 8 L/min. At the other
side, voltageXBPPREG(SRIUB RENSisdscal e plagmalsemer alitih dr)acR hABipE ERCRIMeing
introduced fiark {Be QBBRTL BRI RsdIRKdRIRhS Lsmigalvdns: wRighuie e flggdic discharge

was observed and the ozone concentration and dissolved ozone concentration were measured. As
shown in FiB\&R(PRORIGEHEhY eSS ARNAAVRIG IeAtitiBRESMEM PRHZANR RS NGEREE P Mat a purple

electric dischargs WaaRARERSAIUES the nae alkos birdislestiadie L aptling p water.

Further, it is known that ozone is generated if the electric dis_,chargge.occurh?, in the presence of oxygen.
As proof thatiRitatiesdriehie dapunier Figuied 5SsPMBRAEWIE GeisrE©LBRB oncentration

became 1008 Rttt $ap SBpsalved IBaRIS GRRCR MK RAERAEO ERBCIIMEIHES from the

start of the electric dis_charge.%{SO%] Exam\)%lf 2 As shown in Figure 6, a continuous flow of water
was maintaMei@wiessixicgdantiny heirg WatcexpRrimrRNEImetapitirimasiatBmpiEe was carried

out, except gl iAIPBITRIR hOHIESHE YahdkigRiderse ishratin L5 ARdkiBaR e dissolved

ozone concentration was measured. The results, as shown in Figure 7, indicated that the ozone
dissolution 8fftiRHiegmedebes Lhipgjonhits theamid et phdheariasaid Sanarmting BeyifBle 2 was
carried out gxeefplliagl Hihitank ale bAnuesdbyaRdutd-ADibn AnEiHe A eYRFPIMad Rrene

concentration was measured. The results, as shown in Figure 7, indicated that the ozone dissolution
efficiency bécHifd8it,body of the plasma generating device is made of glass and is

formed to have the structure of an aspirator. The water passage pipe 2 (7 mm
outer diameter, 5 mm inner diameter) is positioned with its center of circle
identical to that of the dielectric tube 1 (10 mm outer diameter, 8 mm inner
diameter) and a high voltage electrode 3 made of a 10 mm width copper tape is
wrapped around the outside of the dielectric tube 1 so that the 10 mm point at
the downstream side from the discharge port of the water passage pipe 2
becomes the center. The stainless steel grounding electrode 4 with a diameter
of 1mm is inserted from the vicinity of the gas inlet to the water passage pipe 2
and the dielectric tube 1, and the high voltage electrode 3 and grounding
electrode 4 are connected to the power supply 5. The magnetic drive pump is
activated to circulate the tap water at a flow rate of 8 L/min. At the other side,

voltage is applied (9 kV, 6 kHz) to carry out the electric discharge while oxygen
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[0047] Example 4 The same experiment as Example 2 was carried out except that the flow rate of
oxygen 7 was 0.8 L/min, and then the dissolved ozone concentration was measured. The results, as
shown in Figure 7, indicated that the ozone dissolution efficiency became 48%. [0048] Example 5
The same experiment as Example 2 was carried out except that the flow rate of oxygen 7 was 0.4
L/min, and then the dissolved ozone concentration was measured. The results, as shown in Figure 7,
indicated that the ozone dissolution efficiency became 67%. [0049] Example 6 As shown in Figure

8, the same7a¥psiMEIMR7 Brad P thaD Lpgaadanik axeePhimbihaesafBlinericatiadg 4 which is
made of stainless steel wire (1 mm diameter) was placed in the water receiving tank, and then the

ozone conc¥RiERLBM AReRIEGIS H SRR W BRI S AR dhites DROR SRR REITRUAY shown in
Figure 9, indis@igidSbRicto gsns c¥REPAAIIR BONSRN U RREIREShAWARIFIYOHe $he dissolved

ozone concentration became 0.18 ppm 30 minutes from the start of the electric discharge. [0050]
xampie 1 QG SR HIGHIS EATIE U ASEe e TS HISPIRG B2 Bt the water

passage pipRipkasagtitodisthangeontas Baied drdvieatintie inner tamefenanricleetinstallation
S e e RVl B R mee e b capparaton and
generated @eogicAisEirgaoscharamean® prepenckibitaxydissaly gl angtesisceiration became
0-38 ppm 38igncirr1]g}8§ Lrggn Jggu?}gcr}, (I):figeﬁeelf (S:Hic?wdsi%ﬁgﬂﬂg'generated ozone concentration

became 1000 ppm, while the dissolved ozone concentration became 0.47 ppm

30 minutes from the start of the electric discharge.

[0045]

Example 2

As shown in Figure 6, a continuous flow of water was maintained without
circulating the tap water, and the same experiment as Example 1 was carried
out, except that the flow rate of oxygen 7 was 4 L/min (gas-liquid ratio of 0.5),
and then the dissolved ozone concentration was measured. The results, as
shown in Figure 7, indicated that the ozone dissolution efficiency became 21%.

[0046]

Example 3

The same experiment as Example 2 was carried out except that the flow rate
of oxygen 7 was 2.4 L/min, and then the dissolved ozone concentration was
measured. The results, as shown in Figure 7, indicated that the ozone

dissolution efficiency became 27%.

[0047]

Example 4

The same experiment as Example 2 was carried out except that the flow rate

of oxygen 7 was 0.8 L/min, and then the dissolved ozone concentration was
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[0051] Example 8 The same experiment as Example 1 was carried out except that the gas introduced
to the plasma generating device was argon gas. The results, as shown in Figure 11 (photograph) and
Figure 4 (schematic diagram) indicated that a purple electric discharge was observed between the
inner wall of the dielectric tube 1 and the tap water. [0052] Example 9 The same experiment as
Example 1 was carried out except that the material used for the water passage pipe 2 of the plasma
generating device was either PFA (tetrafluoroethylene-perfluoroalky! vinyl ether copolymer) resin or

stainless stagdareiald aNAhesUhe, aensisind inZoige _ONCRIYIGiIRastMEE18a6HESd as proof of the
occurrence of the electric discharge. The results, as shown in Figure 12, indicated that the generated

ozone conceifFatBIOBEHRNEYEBEATEHCI043 ppm, respectively, 30 minutes from the start of the

electric dischasp48[P053] Example 10 As shown in Figure 13, an electric discharge was carried out
in the same manner as Example 1 except that the discharge port of the water passage pipe 2 was
arranged 1EXamBl&e downstream side from the center of the high voltage electrode 3, which was
positioned on the dielectric tube 1, and the gas introduced was argon, and then the electric charge

was observedrapddhe 0z0ne GORFRIEAIRAAPR PS7AY dAZATSERREERI il eip paguUred. The

results, as shown in Figure 14 (photograph) and Figure 15 (schematic diagram), indicated that a
purple elec@fcoxvanargavaad doseniedanshiitasm thredinsalvedine esleemeatitiewasnd the outer

wall of the watet passapReiag Aiansshatyranitsdunevalirbiae tielefidoiip 1 and the tap water.
[0054] Example 11 -
dissolution efficiency became 67%.

[0049]

Example 6
As shown in Figure 8, the same experiment as Example 1 was carried out

except that the grounding electrode 4 which is made of stainless steel wire (1
mm diameter) was placed in the water receiving tank, and then the ozone
concentration and dissolved ozone concentration were measured. The results,
as shown in Figure 9, indicated that the generated ozone concentration became
527 ppm, while the dissolved ozone concentration became 0.18 ppm 30
minutes from the start of the electric discharge.

[0050]
Example 7

The same experiment as Example 1 was carried out except that the size of

the water passage pipe 2 was set to 7 mm in outer diameter and 6 mm in inner
diameter and the installation electrode was coated with a glass of 0.5 mm in
thickness, and then the ozone concentration and dissolved ozone concentration
were measured. The results, as shown in Figure 10, indicated that the
generated ozone concentration became 700 ppm, while the dissolved ozone
concentration became 0.38 ppm 30 minutes from the start of the electric
discharge.

[0051]
Example 8

The same experiment as Example 1 was carried out except that the gas
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The same experiment as Example 10 was carried out except that the introduced gas was oxygen 7,
and methylene blue was added to tap water to achieve a concentration of 5 mg/L. The changes in the
integrated amount of generated ozone with time are shown in Figure 16 while the changes in the
amount of methylene blue decolorization with time are shown in Figure 17. [0055] Comparative
Example 1 The same experiment as Example 1 was carried out except that the air flow rate of
oxygen 7 was 4.8 L/min, and then the dissolved ozone concentration was measured. The results, as

shown in Figifed(dedicatasbtprighe erane slingodiarealiitiengo RS kes (I@5ekComparative
Example 2 The same experiment as Example 11 was carried out except that t-BuOH, which is an OH

radical supSRAYEh{AI EHguRe, IWaPhatrar %%fﬂ@/g igus ¢ dRtRemREF di2grnrRdicAEhes in the

integrated aRumuNpOfgientEdieid arsuiaé iR BRVBEVE tRd st dnetanges in the
amount of methylene blue decolgrization with time are shown in Figure 17. The results show that the

decolorizatii¢'ERH G dHRE AN B R BRMABH of t-BUOH even though the generated ozone remained

the same, whicjpguggests the generation of OH radicals by the plasma generating device. [0057]
Comparative Example 3 The same experiment as Example 11 was carried out except that t-BuOH,
which is anfEXamaiec8l supplemental agent, was added to achieve a concentration of 1 mM. The

changes in th?H@%%W\@Q)&SBHHYErﬂf&eE%ﬁ‘FﬁﬁeOWVé‘sV@é'Pr@Heoﬁf%i@é’ﬁ‘ﬂﬁ%tﬁi?é’Fﬁé‘t@ﬁ’é‘ﬂi'e the

changes in the amount of methylene blue decolorization with time are shown in Figure 17. The results
show that thiSeR EerdheatiaiprRasiége fiee B piieamp@anR dansiRinG:dexerotgh eidgenerated

323{(‘:2 _remaﬂm (& AR oRIANB SUQREALRD HIS IRFNARI QIR CbpBigiRalS RysiR®Pasifzgsnerating
steel metal, and then the generated ozone concentrations were measured as
proof of the occurrence of the electric discharge. The results, as shown in
Figure 12, indicated that the generated ozone concentration became 956 ppm
and 1043 ppm, respectively, 30 minutes from the start of the electric discharge.
[0053]

Example 10

As shown in Figure 13, an electric discharge was carried out in the same
manner as Example 1 except that the discharge port of the water passage pipe
2 was arranged 15 mm at the downstream side from the center of the high
voltage electrode 3, which was positioned on the dielectric tube 1, and the gas
introduced was argon, and then the electric charge was observed and the
ozone concentration and dissolved ozone concentration were measured. The
results, as shown in Figure 14 (photograph) and Figure 15 (schematic diagram),
indicated that a purple electric discharge was observed between the inner wall
of the dielectric tube 1 and the outer wall of the water passage pipe 2 and
between the inner wall of the dielectric tube 1 and the tap water.

[0054]

Example 11

The same experiment as Example 10 was carried out except that the
introduced gas was oxygen 7, and methylene blue was added to tap water to
achieve a concentration of 5 mg/L. The changes in the integrated amount of

generated ozone with time are shown in Figure 16 while the changes in the
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[0058] Comparative Example 4 The same experiment as Example 11 was carried out except that
t-BuOH, which is an OH radical supplemental agent, was added to achieve a concentration of 10 mM.
The changes in the integrated amount of generated ozone with time are shown in Figure 16 while the
changes in the amount of methylene blue decolorization with time are shown in Figure 17. The results
show that the decolorization rate decreased by the addition of t-BuOH even though the generated
ozone remained the same, which suggests the generation of OH radicals by the plasma generating

device. [00%29h&xaapindhylAas bRk dedoiar: idn thermaiekadysabg plasgagarerating device is
made of glass and is formed to have the structure of an aspirator. The water passage pipe 2 (7 mm

outer diameter, 8%a inner diameter) is positioned with its center of circle being identical to that of the
dielectric t“é%r%ﬁépa‘ﬁv@ EB{%gigrqleter, 8 mm inner diameter) and a high voltage electrode 3 made of
a 10 mm width copper tape is wrapped around the outside of the dielectric tube 1 so that the 25 mm

point at the uprcaaMERXABHMABBtASIREFPO Wetheatkest palsexerpbihabtbhe @hileyhe center.
The stainlesgsteehaiyunfing slesEode AW A HiaMA uRisbieD iS558 ¢8R R dhgnvicinity of the

gas inlet to the water passage pipe 2 and the dielectric tube 1, and the high voltage electrode 3 and
grounding eMaaragaaused cohndetdito assspewarislppiye./mndirmgadhatdhecoan® is activated to

circulate they i Watsy éFf%i@?i\é’yrB@cgfrﬁe'—fW: At the other side, voltage is applied (9 kV, 6 kHz) to

carry out the electric discharge ‘while oxygen 7 is being introduced from the oxygen tank at an air flow
rate of 3 L/min[8G8AJ which time the electric discharge was observed and the 0zone concentration
and dissolvi% %%r}gtﬁlonﬁgg%ati nwere measured. As shown in Figure 19 (photograph) and Figure
20 (schemaiic dfagram), the results indicated that a purple electric discharge was observed between
the inner wall bifi¢hsadiel etperinieni amBxbentde hiwasreathed daus éxcemt that BBotHs generated if

Fiaure 21 SHol et RIS A g oW s A LSS S e solved ozone
concentratioomeyanadd4s Pphm3d.ninetesaingestite thain tfgtrad exlemtnicuwit ohgeyeerd@db0] Example
13 ozone with time are shown in Figure 16 while the changes in the amount of
methylene blue decolorization with time are shown in Figure 17. The results
show that the decolorization rate decreased by the addition of t-BuOH even
though the generated ozone remained the same, which suggests the generation
of OH radicals by the plasma generating device.

[0057]

Comparative Example 3

The same experiment as Example 11 was carried out except that t-BuOH,
which is an OH radical supplemental agent, was added to achieve a
concentration of 1 mM. The changes in the integrated amount of generated
ozone with time are shown in Figure 16 while the changes in the amount of
methylene blue decolorization with time are shown in Figure 17. The results
show that the decolorization rate decreased by the addition of t-BuOH even
though the generated ozone remained the same, which suggests the generation
of OH radicals by the plasma generating device.

[0058]

Comparative Example 4
The same experiment as Example 11 was carried out except that t-BuOH,

which is an OH radical supplemental agent, was added to achieve a
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As shown in Figure 6, a continuous flow of water was maintained even without circulating the tap water
and the same experiment as Example 1 was carried out, except that the flow rate of oxygen 7 was 4
L/min (gas-liquid ratio of 0.5), and then the dissolved ozone concentration was measured. The results,
as shown in Figure 22, indicated that the ozone dissolution efficiency became 21%. [0061] Example 14
The same experiment as Example 13 was carried out except that the flow rate of oxygen 7 was 2.4
L/min, and then the dissolved ozone concentration was measured. The results, as shown in Figure 22,

indicated the Heerzansndissmution aifisiensy gssamaitedensdldmemmiergendhasame

experiment as Example 13 was carried, out except that the flow rate of oxygen 7 was 0.8 L/min, and

then the disSBRSIVEYd HEERERRANBHWRGRE A& Ve lerile Saangesdns ReR e 22, indicated

that the ozanetdigeplalinncctiiciorsizaaeana’ dtae[@RSShEwampridere TilTe TRBR:EHASIIMENt as
Example 13 was carried out except that the flow rate of oxygen 7 was 0.4 Lémin and then the

dissolved oSBRY BALMRSRGRFiraHAUL QR deFiRaRes R 1R edaibRT E HObb e¥Ricated that the
ozone dissohdighatisigongratsadrondeiffinél the same, which suggests the generation

of OH radicals by the plasma generating device.
[0059]

Example 12

As shown in Figure 18, the main body of the plasma generating device is
made of glass and is formed to have the structure of an aspirator. The water
passage pipe 2 (7 mm outer diameter, 5 mm inner diameter) is positioned with
its center of circle being identical to that of the dielectric tube 1 (10 mm outer
diameter, 8 mm inner diameter) and a high voltage electrode 3 made of a 10
mm width copper tape is wrapped around the outside of the dielectric tube 1 so
that the 25 mm point at the upstream side from the discharge port of the water
passage pipe 2 becomes the center. The stainless steel grounding electrode 4
with a diameter of 1 mm is inserted from the vicinity of the gas inlet to the water
passage pipe 2 and the dielectric tube 1, and the high voltage electrode 3 and
grounding electrode 4 are connected to the power supply 5. The magnetic drive
pump is activated to circulate the tap water at a flow rate of 8 L/min. At the other
side, voltage is applied (9 kV, 6 kHz) to carry out the electric discharge while
oxygen 7 is being introduced from the oxygen tank at an air flow rate of 3 L/min,
during which time the electric discharge was observed and the ozone
concentration and dissolved ozone concentration were measured. As shown in
Figure 19 (photograph) and Figure 20 (schematic diagram), the results
indicated that a purple electric discharge was observed between the inner wall
of the dielectric tube 1 and the tap water. Further, it is known that ozone is
generated if the electric discharge occurs in the presence of oxygen. As proof
that electric discharge has occurred, Figure 21 shows that the generated ozone
concentration became 990 ppm, while the dissolved ozone concentration

became 0.45 ppm 30 minutes from the start of the electric discharge.
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Example 17 As shown in Figure 23, the same experiment as Example 12 was carried out except that
the grounding electrode 4 which is made of stainless steel wire (1 mm diameter) was placed in the
water receiving tank, and then the ozone concentration and dissolved ozone concentration were
measured. The results, as shown in Figure 24, indicated that the generated ozone concentration
became 534 ppm, while the dissolved ozone concentration became 0.19 ppm 30 minutes from the
start of the electric discharge. [0065] Example 18 The same experiment as Example 12 was carried
out except that[ihyesije of the water passage pipe 2 was set to 7 mm in outer diameter and 6 mm in
inner diameter and the installation electrode was coated with a glass of 0.5 mm in thickness, and then
the ozone dexeatt@tleh and dissolved ozone concentration were measured. The results, as shown in

Figure 25, indicaled gl dNR BRIFEIELEMMEBISHIREPIVARGAME SRaRRMey iR he dissolved

ozone concentration became 0.37 ppm 30 minutes from the start of the electric discharge. [0066]
Example 19vithpetseiraelatipeihfeiammy#eaapikthe saue eReIiBif e fr@aPiae gda8sntroduced to

the plasma generalig dSuss: s AEARAASI I SXULR RSSROMY RS RAANaIRgEPN) and

Figure 20 (schematic diagram), indicated that a purple electric discharge Was observed between the
inner wall oPthb arddber thedlipseivat©sone sparentrtiaaieppaseagerpihel De[oewits,

as shown in Figure 22, indicated that the ozone dissolution efficiency became
21%.
[0061]

Example 14
The same experiment as Example 13 was carried out except that the flow
rate of oxygen 7 was 2.4 L/min, and then the dissolved ozone concentration
was measured. The results, as shown in Figure 22, indicated that the ozone
dissolution efficiency became 26%.
[0062]
Example 15
The same experiment as Example 13 was carried out except that the flow
rate of oxygen 7 was 0.8 L/min, and then the dissolved ozone concentration
was measured. The results, as shown in Figure 22, indicated that the ozone
dissolution efficiency became 50%.
[0063]
Example 16
The same experiment as Example 13 was carried out except that the flow
rate of oxygen 7 was 0.4 L/min, and then the dissolved ozone concentration
was measured. The results, as shown in Figure 22, indicated that the ozone
dissolution efficiency became 73%.
[0064]
Example 17
As shown in Figure 23, the same experiment as Example 12 was carried out
except that the grounding electrode 4 which is made of stainless steel wire (1

mm diameter) was placed in the water receiving tank, and then the ozone
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Example 20 The same experiment as Example 12 was carried out except that the material used for
the water passage pipe 2 of the plasma generating device was either PFA
(tetrafluoroethylene-perfluoroalkyl vinyl ether copolymer) resin or stainless steel metal, and then the
generated ozone concentrations were measured as proof of the occurrence of the electric discharge.
The results, as shown in Figure 27, indicated that the generated ozone concentration became 281
ppm and 348 ppm, respectively, 30 minutes from the start of the electric discharge. [0068]

Comparativeoh¥antriticn ahbB)IRYBRGXRROME BbASRAMBIE erameRisiaeduTrGeRtIRAL the flow
rate of oxygen 7 was 4.8 L/min, and then the dissolved ozone concentration was measured. The

results, as SOMPWHR WS, 2Ruilosticated thak B eGRGH RFP RHERNE HELISMe 17%.
[DescriptiometHindFiarppas WHREasHIOO69bd. o Aditectie eteatlon \BEdanRASSEg e 3 High

voltage EIE%E)O%?nutes from the start of the electric discharge.
[0065]
Example 18
The same experiment as Example 12 was carried out except that the size of
the water passage pipe 2 was set to 7 mm in outer diameter and 6 mm in inner
diameter and the installation electrode was coated with a glass of 0.5 mm in
thickness, and then the ozone concentration and dissolved ozone concentration
were measured. The results, as shown in Figure 25, indicated that the
generated ozone concentration became 685 ppm, while the dissolved ozone
concentration became 0.37 ppm 30 minutes from the start of the electric
discharge.
[0066]
Example 19
The same experiment as Example 12 was carried out except that the gas
introduced to the plasma generating device was argon gas. The results, as
shown in Figure 26 (photograph) and Figure 20 (schematic diagram), indicated
that a purple electric discharge was observed between the inner wall of the
dielectric tube 1 and the outer wall of the water passage pipe 2.
[0067
Example 20
The same experiment as Example 12 was carried out except that the material
used for the water passage pipe 2 of the plasma generating device was either
PFA (tetrafluoroethylene-perfluoroalkyl vinyl ether copolymer) resin or stainless
steel metal, and then the generated ozone concentrations were measured as
proof of the occurrence of the electric discharge. The results, as shown in
Figure 27, indicated that the generated ozone concentration became 281 ppm
and 348 ppm, respectively, 30 minutes from the start of the electric discharge.
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4... Grounding electrode 5... Power Supply 6... Gas inlet tube 7... Oxygen CLAIMS 1. A plasma
generating method characterized by a method for generating plasma with an electric discharge within
a dielectric tube by applying a voltage to a supplied gas, wherein a high voltage electrode is arranged
on the outer side of the dielectric tube and a grounding electrode is arranged in a fluid that is
discharged into the dielectric tube while remaining at a distance from the inner perimeter of the
dielectric tube, and an electric discharge is caused to occur between the inner wall of the dielectric
tube and the flfiggas jpplying a voltage to the high voltage electrode and the grounding electrode
connected to a power source device. 2. A plasma generating method described in Claim 1 wherein a
water passégenmeeatiee ixamiges the fluid to the dielectric tube is positioned within or above the
dielectric tuberpc3s Arplaskaa aRaRtaling MRIRRd ChpIeeiairerdy e stiendofaensipting plasma
with an electric discharge within a dielectric tube by applying a voltage to a supplied gas, wherein a
high voltag@efeoteste’iyvag hgddnoin iand jfansite drssri@eieeanrcgoacaiaéepaasmge pipe is
arranged through) which the digpassen gAY IgE-Lesianaldhe dislscire bRshand a grounding
electrode is arranged in a fluid that is discharged through the water passage pipe into the dielectric
tube while r@ﬁ%ﬂﬂﬁgra@ﬁi@igmc@%m%gﬁgaer perimeter of the dielectric tube, and an electric
discharge is %Bé@ﬂﬁﬁ&?S?%ﬁ@%@%%iWﬁﬁ%ﬁg‘?f the dielectric tube and the water passage pipe
by applying a voltage to the high voltage electrode and the grounding electrode connected to a power
source device.[0868]plasma generating method described in Claims 1 to 3 wherein the volume of the
above-mentioned supplied gas and the volume of the fluid will have a gas-liquid ratio of 0.5 or less. 5.
A plasma generating nglediRidPBed in any of Claims 1 to 4 wherein the above-mentioned supplied

gas is either a gasxconfgitipakiaass piygen or an inert gas.
3... High voltage electrode

.. Grounding electrode

.. Power Supply

.. Gas inlet tube

N o 0 bk

.. Oxygen
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6. A plasma generating method described in any of Claims 1 to 4 wherein the fluid that passes through
the portion where the electric discharge occurs is again used as the fluid that is discharged into the
interior of the dielectric tube, or it is returned to the upstream side of the water passage pipe again,
thus circulating the fluid. 7. A plasma generating method described in any of Claims 1 to 6 wherein
the connections of the dielectric tube, water passage pipe and an inlet which introduces the supplied
gas are formed to have the structure of an aspirator, a strong negative pressure is produced in the gap
between the fluid that is discharged from the @iggyage port of the water passage pipe and the interior
of the dielectric tube, which causes dissolution of the gas generated by the electric discharge into the
fluid by cavitation. 8. A plasma generating device that consists of a dielectric tube with a high voltage

electrode placedrpplisiiea rRitRRE ARSI ddPshiNalke Resdippedriathibdoforlkey R Fagrdjelectric tube, a
grounding electrode arranged so as to be in conﬁlgt with a fluid that is discharged intg the interior of

the dielectrit BSHRAWNKIR AERSIRAIRG SISCRRTEmUtRIOA HIEIRMER SuPGRYARRIMIGANYRSSuUbe, and a

plower supply a)_submtemge(*jﬁgwgi%geagile;mogmeﬁaﬁ@%eiﬁ@wl@r@ renoewed. 9.dA y
pasma gener tin evice descCri n alm W _erelnt e nign.vo tage e Ctro e |s arrange outside
B e e ISR BIRErNc AU e S S AP S A e o B e 10, .

plasma gengisdigdginyietodescaieescirilabn Yildrohenainghs araisiding éleairateiimpesitioned in
the fluid that is_excrete‘;i rorg_étege iglerior of 25 the dL%Ie;[CIric.tu e or from the djelectric tube. 11. A
plasma gen%‘?gﬁﬁ%t%lregé YL iwgﬁy%?q;"f’é]rﬁ g'tly %rl%‘ﬁﬁh?tj? t(ﬁ’ir?é:%lféctrode is

coated withtvirgiriatiedraesnpeungt thd Jidiqyakmatgeartatingfilayioe dpshibgd indlitage 11 wherein
the insulati ompound js glass. , 13. A plagsma generating device described ip any of Claims 8 to 12
wherein e GBI BLAS e ISP AR BB R ey QBRI GRS COMIoR S G ating
device des&theddrdanicef Claims 8 to 13 wherein the water passage pipe is made from one of the
following materials: ceramics, glass, resin or metal. 15. A plasma generating device described in

Claim 14 wherein the aforesaid resin is a fluorine-based resin.
2. A plasma generating method described in Claim 1 wherein a water

passage pipe that discharges the fluid to the dielectric tube is positioned within

or above the dielectric tube.

3. A plasma generating method characterized by a method for generating
plasma with an electric discharge within a dielectric tube by applying a voltage
to a supplied gas, wherein a high voltage electrode is arranged on the outer
side of the dielectric tube, a water passage pipe is arranged through which the
fluid passes through the interior of the dielectric tube and a grounding electrode
is arranged in a fluid that is discharged through the water passage pipe into the
dielectric tube while remaining at a distance from the inner perimeter of the
dielectric tube, and an electric discharge is caused to occur between the inner
wall of the dielectric tube and the water passage pipe by applying a voltage to
the high voltage electrode and the grounding electrode connected to a power

source device.
4. A plasma generating method described in Claims 1 to 3 wherein the
volume of the above-mentioned supplied gas and the volume of the fluid will

have a gas-liquid ratio of 0.5 or less.
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16. A plasma generating device described in any of Claims 8 to 15 wherein the portion where the
electric discharge occurs has a structure that returns the fluid that has passed through to the upstream
side of the water passage pipe again to circulate the fluid. 17. A plasma generating device described
in any of Claims 8 to 16 wherein the dielectric tube, the water passage pipe and the gas inlet provided
on the dielectric tube are formed to have the structure of an aspirator.

5. A plasma generating method described in any of Claims 1 to 4 wherein the
above-mentioned supplied gas is either a gas containing at least oxygen or an

inert gas.

6. A plasma generating method described in any of Claims 1 to 4 wherein the
fluid that passes through the portion where the electric discharge occurs is
again used as the fluid that is discharged into the interior of the dielectric tube,
or it is returned to the upstream side of the water passage pipe again, thus

circulating the fluid.

7. A plasma generating method described in any of Claims 1 to 6 wherein the
connections of the dielectric tube, water passage pipe and an inlet which
introduces the supplied gas are formed to have the structure of an aspirator, a
strong negative pressure is produced in the gap between the fluid that is
discharged from the discharge port of the water passage pipe and the interior of
the dielectric tube, which causes dissolution of the gas generated by the electric

discharge into the fluid by cavitation.

8. A plasma generating device that consists of a dielectric tube with a high
voltage electrode placed outside, a water passage pipe that is positioned within
or above the dielectric tube, a grounding electrode arranged so as to be in
contact with a fluid that is discharged into the interior of the dielectric tube while
remaining at a distance from the inner perimeter of the dielectric tube, and a
power supply to which the high voltage electrode and grounding electrode are

connected.

9. A plasma generating device described in Claim 8 wherein the high voltage
electrode is arranged outside the dielectric tube at the portion where the

dielectric tube and the water passage pipe overlaps.

10. A plasma generating device described in Claim 8 or 9 wherein the
grounding electrode is positioned in the fluid that is excreted from the interior of
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the dielectric tube or from the dielectric tube.

11. A plasma generating device described in any of Claims 8 to 10 wherein

the grounding electrode is coated with an insulating compound.

12. A plasma generating device described in Claim 11 wherein the insulating

compound is glass.

13. A plasma generating device described in any of Claims 8 to 12 wherein
the dielectric tube is at least made of either ceramic or glass.

14. A plasma generating device described in any of Claims 8 to 13 wherein
the water passage pipe is made from one of the following materials: ceramics,

glass, resin or metal.

15. A plasma generating device described in Claim 14 wherein the aforesaid

resin is a fluorine-based resin.

16. A plasma generating device described in any of Claims 8 to 15 wherein
the portion where the electric discharge occurs has a structure that returns the
fluid that has passed through to the upstream side of the water passage pipe
again to circulate the fluid.

17. A plasma generating device described in any of Claims 8 to 16 wherein

the dielectric tube, the water passage pipe and the gas inlet provided on the
dielectric tube are formed to have the structure of an aspirator.
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