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Title] LI QU D MEDI AUM PLASVA DI SCHARGE GENERATI NG APPARATUS [ Tec cal
Fiel d] 5The present invention relates to“lﬁ i um pl asma d| schar ge
apparatus, and nore particularly, to a | pl asma di schar ge
appar at us whi ch includes a power el ectrode. pﬂsws9=ded at .one side within a
main body that is filled with a |iquid nmedium _and a dielectric diaphragm

menber which is 10 provided in the main body, and which has at |east one

hole or slit, thereby providing a mcrotube |i asma di scharge
appar atus, capable of applying a high electri CWMIMIMMMWA th | ow vvat t age
by mnim zing cpididgtberogur rent. [Background Art nerally, a plasna

generating electrode is used in waste or drinkable ater treafrrent such as

sterilization ofImeatdon gairtilsds, removal of organic or inorganic
cont am nants, g\g Vol atil e Organic Fgr}g}g\ounds,_:(p\A 2; or the like, or is
used as a undeFhEYE? YEQLA Mat P Fe5(GF (@ NERATING 'APPARATUS

[Technical Field]

5 The present invention relates to a liquid medium plasma
discharge apparatus, and more particularly, to a liquid medium
plasma discharge apparatus which includes a power electrode
provided at one side within a main body that is filled with a
liquid medium, and a dielectric diaphragm member which 1is

10 provided in the main body, and which has at least one hole or
slit, thereby providing a microtube liquid medium plasma
discharge apparatus, capable of applying a high electric field
even with low wattage by minimizing conduction current.

[Background Art]

15 Generally, a plasma generating electrode is used in waste
or drinkable water treatment, such as sterilization of
microorganisms, removal of organic or inorganic contaminants,
e.g. Volatile Organic Compounds (VOCs), or the like, or is used
as a underwater sound generating source.

20 FIG. 1 is view showing a conventional plasma discharge
apparatus used in a common liquid medium. The conventional
plasma discharge apparatus includes: a main body 1 that is
filled with liquid (a liquid medium); a flat ground electrode 2
which is provided at one side within the main body; a needle or

25 rod type power electrode 3 which is disposed in the main body



20FIG 1 is view showi ng a conventional plasm discharge apparatus used in
a common |iquid nmedium The conventional plasma di scharge appar at us
includes: a main body 1 that is filled with liquid (a liquid nmediun; a
flat ground electrode 2 which is provided at one side within the nmain body;
a needle or 25 rod type power electrode 3 which is disposed in the main
body opposite the ground el ectrode 2; and a high vol tage power supply
device 4 which serves to supply electric power to the power el ectrode 3.
The power electrode 3 is coated with an insulating material 5. A dotted
circlein FIG 1 is the region 5 where corona di scharge, sparks, or arc

di scharge occurs. However, such a plasma di scharge apparatus has
probl ems oppbeityg dhéfigeulihdt @lbetrmite barged, of higdueedtedd i pbesnrcy, and
of being difficult to obtain a permanentl|y-operable power supply device. In
addi ti on, sthelyl asnecedis ciaiche sgppas atas sWwrals elwas ri¢ nbowey obs ofe short
life of an el ectrode and of | ower adaptabilit%%that it can_only be applied

to the |i§AFE° nBUFTMACE. ¢ ul Th%a PRIFE VRIEEFT PP ngSvEP T bW Edhdiitt i vi ty.
1S, 2l SaPrUURGEEAPL D o b o ol S5 51T 5,163 o0
5 where corona discharge, sparks, or arc discharge occurs.
However, such a plasma discharge apparatus has problems of
being difficult to be made larger, of reduced efficiency, and
of being difficult to obtain a permanently-operable power
supply device. In addition, the plasma discharge apparatus
10 also has limitations of short life of an electrode and of lower
adaptability that it can only be applied to the liquid medium
(e.g. ultra pure water) having very low conductivity.
FIG. 2 is a view explaining the liquid medium plasma
generating wattage when wusing the conventional electrode
15 structure. The liquid medium plasma generating wattage of the
plasma discharge apparatus having the conventional electrode
structure will now be described with respect to FIG. Z.
A simple equation for obtaining the plasma generating
wattage is as follows:
20 Electric field strength E=V/d
Here, V 1is wvoltage, and d is a length of conductive
volume.
V=IXR
Here, I is conduction current, and R is resistance across

25 electrodes.



+15 structure.

Here, Vis voltage, and d is a |length of conductive volunme. V=IXR

Her e,

i s conduction current,

el ectrode structure w |
A sinple equation for obtaining the
20El ectric field strength E=V/d

The |iquid nmedium pl asma generating wattage of the plasm
di scharge apparatus having the conventiona
described with respect to FIG 2.

pl asma generating wattage is as foll ows:

now be

and R is resistance across 25 el ectrodes.

| =V/ R R=d/ AxS Here, A is a cross-sectional area of conductive vol une,
and Ais electric conductivity of a liquid nedium 5Wattage WeVxI

Assum ng that the liquid nmediumis super pure water,

the length (d) of the

conductive volune is Icm the cross-sectional area (A) of the conductive
volume is 2X2=4ewR and the conductivity of the ultra pure water is 50x10-6

(S'em,

10

15

20

25

t he

R=d/AXS

Here, A is a cross-sectional area of conductive wvolume,
and A is e_lectric conductivity of a liquid medium.

Wattage W=vXI

Assuming that the liquid medium 1s super pure water, the
length (d) of the conductive volume is lcm, the cross—-sectional
area (A) of the conductive volume 1is 2><2=4cm2, and the
conductivity of the ultra pure water is 50X10™® (S/cm), the
conductive resistance (R=d/AXS) becomes 1/ (50X107%X4)=5000
(). Here, if the electric field strength E for generating
plasma discharge in the ultra pure water equals 5 kV/cm,
required voltage (V=EXd) becomes 5 kV/cmXlcm=5 kV. However, if
electric conduction occurs through ultra pure water, conduction
current (I) equals 5000 (V)/5000 (2)=1 (A), and the wattage (W)
equals 5000 (V)X 1 (A)= 5 (kW).

Next, assuming that the liquid medium is sea water, the
length (d) of the conductive volume is lcm, the cross-sectional
area (A) of the conductive .volume 1is 2X2=4cm?’, and the
conductivity of the sea water is 53X107° (S/cm), the conductive
resistance (R=d/AXS) becomes 1/(53X107°X4)=4.7 (Q). Here, if
the electric field strength E for generating .plasma discharge
in the sea water equals 5 kV/cm, required voltage becomes 5 kV.
However, 1if electric conduction occurs through sea water,

conduction current (I=V/R) equals 5000 (V)/4.7 (R)=1064 (1),



10 conductive resistance (R=d/ AXS) becones 1/ (50X10-6X4)=5000 (Q . Here,
if the electric field strength E for generating plasna discharge in the
ultra pure water equals 5 kV/cm required voltage (V=EXd) becones 5

kV/ cmXlcme5 kV. However, if electric conduction occurs through ultra pure
wat er, conduction 15 current (1) equals 5000 (V)/5000 (Q=1 (A), and the
wat t age RO equals 5000 (M) X 1 (A =5 (kw. Next, assum ng that the
liquid nmediumis sea water, the length (d) of the conductive volunme is |Icm
the cross-sectional area (A) of the conductive volune is 2X2=4cn2, and the
20 conductivity of the sea water is 53X10-3 (S/cm, the conductive

resi stance (R=d/ AXS) becones 1/ (53x10-3X4)=4.7 (Q. Here, if the electric

field strengthnE {igttgrnemal/xng Rhasm® shsgchange igv4at he)sea wat@an) equals 5
kV/cm required voltage becones 5 kV. However, if electrlc conductlon

occurs thmbagh searsgosds 28§ @thhcwabtnaqwrcroelﬁpm(sqi =Ny Rp egeal sc5000 (\/)/4. 7
(Q =1064 % é and the watta %V¢VXI equal s 5000 (V)X 1064 (A= 5.3 (MN,
whi ch cor Fe¥pdtids 4t of aPoUaE t aHEPConSTed by sthll | *Eity. Mweber, such

a power squgxs ve' G8 gggflﬂe()t v%&s' ﬁgmmg mp%ﬁu%' &2 fgg{;ﬂlzen even

using a pu usi ng SUC ectro e structure C nnot generate

pl asma gi %Qhatgﬁiet hgm@%ﬂ»ée csaaowat;@ﬁere{t@ sglsiar edidchaehai eakolgiobl en
Accordingly, the present invention has been made keeping 10 in mind the
above probhense©ocmertng inthe related art, and is intended to provide a

m cr ot ube |iQUIa di um pl asma di schar ge apparatus in which a liquid nedium
fills a gap bet 185 r el ectrode and a ground electrode with a
dielectric diapp{a m. nepber having one or nore holes or slits disposed in
the middl e echnica roblem

Accordingly, the present invention has been made keeping

. 10 in mind the above problems occurring in the related art, and is

intended to provide a microtube liquid medium plasma discharge

apparatus in which a liquid medium fills a gap beﬁween a power

electrecde and a ground electrode with a dielectric diaphragm

member having one or more holes or slits disposed in the middle

15 of the gap, causing conduction current to be minimized, thereby

making it possible to apply a high electric field even with low

wattage.
[Technical Solution]

In an aspect, the present invention provides a liquid

20 medium plasma discharge apparatus including: a main body filled

with a liquid medium; a power electrode provided at one side

within the main body to receive electric power; and a

dielectric diaphragm member provided in the main body and
composed of a dielectric having at least one hole or slit.

25 In the 1liquid medium plasma discharge apparatus, the



-«15 of the gap, causing conduction current to be mnimzed, thereby making
it possible to apply a high electric field even with | ow watt age.

[ Technical Solution] In an aspect, the present invention provides a liquid
20 nmedi um pl asma di scharge apparatus including: a main body filled with a
liquid nmedium a power electrode provided at one side within the nmain body
to receive electric power; and a dielectric diaphragm nenber provided in
the mai n body and conposed of a dielectric having at | east one hole or
slit. 25In the liquid medium plasma di scharge apparatus, the diaphragm
menber may be disposed in contact with the power el ectrode, or otherw se
may be di sposed at a distance fromthe power electrode. |In another aspect,

the presenrtiapRvest | ednrovihdespa bigesbd medieum pasnredi sehapggeappar at us
including: a main body filled with a liquid nedium a power electrode

provi ded a&tleoheods,derwiothérwisee magi he bddspdsedr ecerveéigtacir ifcoponer ; a
dielectric diaphraym nenber provided in the main body and conposed of a

di el ect ri ®°Ha¥i fiFatofeast one hole or slit; and a ground 10 el ectrode

provided in the_nmain . body_opposite the power electrode with the di aphragm
member interpoggda?%éF%béFﬂggﬁ,t&ﬁe 5$%§ﬁhén&?%%c¥b m rEnber %%qﬂngosed in

cont acts WideRi i 6 1 s@HNE i 8:R610dBparatus 1hB1kded:I QUing:i BLHAMER L Bsdra

di scharge apparatus, the diaphragm nmenber may have the diel ectric constant
smal | er thanht hatliqhid heediugui G medietmelectrodd rprdveded qat donedside pl asma
di schar ge apgaratus, the strength of the electric field nmay increase as the
di el ectri ¢1EBh3t Bt BELR heed dphrBRfIRiFEnseeCHELY @y a dielectric

diaphragm member provided in the main body and composed of a
dielectric having at least one hole or slit; and a ground

. 10 electrode provided in the main body opposite the power
electrode with the diaphragm member interposed therebetween,
wherein the diaphragm member is disposed in contact with the
ground electrode.

In the 1liquid medium plasma discharge apparatus, the

15 diaphragm member may have the dielectric constant smaller than
that of the liquid medium.

In the ligquid medium plasma discharge apparatus, the
strength of the electric field may increase as the dielectric
constant of the diaphragm member decreases.

20 [Advantageous Effects]

As described above, the 1liquid medium plasma discharge
apparatus has the effects of being easy to fabricate, and of an
electrode being resistant to corrosion, being cost-effective.

Further, the present invention also has the effects of

25 being adaptable to any of application fields irrespective of



«20[ Advant ageous Effect s] As descri bed above, the |iquid nmedium plasnma
di scharge apparatus has the effects of being easy to fabricate, and of an
el ectrode being resistant to corrosion, being cost-effective. Further, the
present invention also has the effects of 25 being adaptable to any of
application fields irrespective of electric conductivity of the liquid
medi um and minimzing the processing cost needed for such as an existing
pl ati ng process, because of |ess wattage. [Description of Drawi ngs] 5FIG 1
is a view showing a conventional |iquid nedium plasnma di scharge appar at us.
FIG 2 is a view explaining the liquid medium plasnma generating wattage of
a conventional electrode structure. FIG 3 is a view showing a m crotube

l'iqui d medileat pl @sedndlOt dv Ssharfgenappanat dsmater! dbAg 1@ iRgeseat _
invention, wherein FIG 3 (a) shows the construction in which a dielectric

_di aphr agmprenbesings cdss posattd MocoptattasManheai power pébetig gdeceand FI G 3
(b) shows the construction in which the dielectric diaphragm nenber is
di sposed &E°3ueF takéds fYahegRe power

[Description of Drawings]
5 FIG. 1 is a view showing a conventional 1liquid medium
plasma discharge apparatus.
FIG. 2 1is a view explaining the liquid medium plasma
generating wattage of a conventional electrode structure.
FIG. 3 is a view showing a microtube liquid medium plasma
10 discharge apparatus according to the present invention, wherein
' FIG. 3 (a) shows the construction in which a dielectric
diaphragm member is disposed in contact with a power electrode,
and FIG. 3 (b) shows the construction in which the dielectric
diaphragm member is disposed at a distance from the power
15 electrode.

FIG. 4 is a view showing a variant of the microtube liquid
medium plasma discharge apparatus.

FIG. 5 1is a view explaining the wattage for generating
plasma in a liquid medium when using the electrode structure of

20 the liquid medium plasma discharge apparatus.

FIGS. & to 8 are views showing ﬁhe test results of
physical quantities of the liquid medium plasma discharge
electrode 1in which a single microtube is provided in the
dielectric diaphragm member, wherein FIG. 6 1is a graphical

25 diagram showing the relationship between the electric potential



15 el ectrode. FIG 4 is a view showing a variant of the m crotube

| i qui d medi um pl asna di scharge appar at us. FIG 5 is a view

expl aining the wattage for generating plasma in a |iquid medi um when usi ng
the el ectrode structure of 20 the liquid nedium plasna di scharge appar at us.
FIGS. 6 to 8 are views showing the test results of physical quantities of
the liquid nedium plasma di scharge el ectrode in which a single mcrotube is
provided in the dielectric diaphragm nenber, wherein FIG 6 is a graphi cal
25 di agram showi ng the rel ati onship between the electric potential and
field lines, FIG 7 is a graphical diagramshow ng the distribution of
electric field inaliquid nedium and FIG 8 is a graphical diagram

show ng t heqdistnbutines, ofrrthe 7eliectsi gripreldii niaghehe sebwihe dha@phragm
menber. 5FIGS. 9 to 11 are views showing the test results of physical
guant i ti esligtritheilonqwitd efrediim plizdna idi schanged ehastiumpdend nFWhi ch t wo

m crotubes are provided in the dielectric diaphragm nenber, wherein FIG 9

i s a graphiScal JarRYyCah SheWiaTy SPRELrE| HiS GRSATPHethesh ife rEEFiTC

potential ¢5 14 in 2 hole of the diaphragm member.

5 FIGS. 9 to 11 are views showing the test results of
physical quantities of the liquid medium plasma discharge
electrode in which two microtubes are provided in the
dielectric diaphragm member, wherein FIG. 9 is a graphical
diagram showing the relationship between the electric potential

10 and field lines, FIG. 10 is a graphical diagram showing the
distribution of electric field in a liquid medium, and FIG. 11
is a graphical diagram showing the distribution of the electric
field in a hole of the diaphragm member.
| FIGS. 12 to 14 are views of a microtube liquid medium

15 plasma discharge apparatus for test, wherein FIG. 12 shows the
appearance of the plasma discharge apparatus, FIG. 13 shows the
internal structure of the plasma discharge apparatus, and FIG.
14 shows the cross-sectional shape of the plasma discharge
apparatus.

20 FIG. 15 1is a view showing the basic principle of a
discharge mechanism of the plasma discharge apparatus for test
shown in FIGS. 12 to 14.

FIG. 16 is a flow chart of the discharge mechanism of the
plasma discharge apparatus for test.

25 FIG. 17 is a table containing a data of moving velocity of



10 and field lines, FIG 10 is a graphical diagram show ng the distribution
of electric fieldin aliquid nedium and FIG 11 is a graphical diagram
showi ng the distribution of the electric field in a hole of the diaphragm
menber. FIGS. 12 to 14 are views of a mcrotube |iquid nedium 15 plasma

di scharge apparatus for test, wherein FIG 12 shows the appearance of the
pl asma di scharge apparatus, FIG 13 shows the internal structure of the

pl asma di scharge apparatus, and FIG 14 shows the cross-sectional shape of
the plasma di scharge apparatus. 20FIG 15 is a view showi ng the basic
princi ple of a discharge nechani smof the plasma di scharge apparatus for
test shown in FIGS. 12 to 14. FIG 16 is a flow chart of the

di schar ge igrghani sm of the plasma di scharge apparatus for test. 25FI G 17
is a table containing a data of noving velocity of ions. [Mde for

I nventi on] [McHree fpar Inwemitapnkt ruct ure or the functional explanation is

suggested only for the rpose of explainjing_the enbodi nent 5 dependi ng on
t he concept ofTB?e@%ﬁF‘ﬁ#@En?F%ﬁFﬁﬁﬁﬁ Pﬁet%%bgﬂFﬁéﬁP§?a%€6¥ﬂ?ﬁb°?ol?he

ConCEPL oo GISEREEL LN e 087 o7 RO LA KRG 4 RALLBLAB A (|
speci ficatdepan®nd hesrapplheCcattb@Bept of present invention and the
embodiments according to the concept of present invention can
be performed in various patterns and it shall not be
interpreted to be limited to the embodiments explained in this
specification or the application.

10 The particular embodiments are listed as examples on the
drawing and they are explained in this specification and
application in detail because the diversified modifications can
be made on the embodiments for the concept of present invention
and they can take 1n various patterns. However, the

15 embodiments for the concept of present invention are not to be
limited to a certain disclosure pattern and it shall be
understood to include every change, equivalencies and the
alternatives which are included in the range of the idea and
technology of present invention.

20 The terminologies of the 1°° and/or the 2™ can be used to
explain many constituent elements, but the above constituent
elements are not limited to the above terminoclogies. The above
terminologies can be named only for telling one constituent
element from the other constituent elements. For example, the

25 1% constituent element can be named as the 2™ constituent



110The particul ar enbodi nents are listed as exanples on the draw ng and they
are explained in this specification and application in detail because the
diversified nodifications can be made on the enbodi nents for the concept of
present invention and they can take in various patterns. However, the 15
enbodi ments for the concept of present invention are not to be limted to a
certain disclosure pattern and it shall be understood to include every
change, equival encies and the alternatives which are included in the range
of the idea and technol ogy of present invention. 20The term nol ogi es of the
1st and/or the 2'd can be used to explain many constituent el enents, but

t he above constituent elenents are not limted to the above term nol ogi es.
The above et erentiol egitasucaida anangd ordny fthe t ebhdang dane teenstigient

el ement fromthe other constituent el enments. For exanple, the 25 15t

const i t uertcer@&imenttccdmebeonanptd @S thre Drencoest | anertinidhekent §han t hout
deviating fromthe range of the right according to the,concept of the

i nvention? antP&HPERTy SLERE2NnE3R oREL itATERAt B et LcarfPETARYEY as the
1st constgﬁgﬁgﬁtplenent. 5When a certain constituent elenment is "connected"

5 When a certain constituent element is “connected” or
“contacted” to another constituent element, it can be connected
or contacted to another constituent element, but it shall be
understood that there might be another constituent element in
the middle. On the other hand, when a certain constituent

10 element is “directly connected” or “directly contacted” to
another constituent element, it shall be understood that there
must be no existence of another constituent element in the
middle. The other expressions to explain the relation among

w

the constituent elements, i.e. ~ 1in between”, “just ~ 1in

n

15 between” or “adjacent to ~” and “directly adjacent to ~” shall
be understood in the same
The terminology used herein 1s for the purpose of
describing particular embodiments only and is not intended to
limit the invention. As used herein, the singular forms are
20 intended to include the plural forms as well, unless the
context clearly indicates otherwise. It will be further
understood that the terms “comprises” and/or “comprising,” or

(4

“includes” and/or “including,” when used in this specification,
specify the presence of stated features, regions, integers,

25 steps, operations, elements and/or components, but do not



"contacted" to another constituent eleMent, it can be connected or
contacted to another constituent elenent, but it shall be understood that
there m ght be another constituent elenment in the mddle. On the other
hand, when a certain constituent 10 element is "directly connected"” or
"directly contacted" to another constituent elenent, it shall be understood
that there nust be no exi stence of another constituent element in the

m ddl e. The ot her expressions to explain the relation anong the constituent
el enents, i.e. "- in between", "just - in 15 between"” or "adjacent to -"
and "directly adjacent to -" shall be understood in the sane The
term nol ogy used herein is for the purpose of describing particul ar

enbodi NnenbgedNlde arbei Spredericat eagdeddathbfii toff henkenvent indte Astised
herein, the singular forns are 20 intended to include the plural forns as
wel |, unl ésstttes,comegxbngl eairllt;egiendi casespot henmirseiorlst, vvielllembeti,urt her
understood that the terns "corrprl ses" and/or "conprising," or "includes"
and/ or "i FETRURTIYS" 2RAEF FE8HPT n-ateefspeci fication, specify the presence

of stated feat ’I'{mgse 4,891 Q%iFéfopgﬁgcséaeggﬁ fne%%cl%%ﬁatéh% eCE{W.?C nts

and/ or conponents 0 no e presence I't1on one or

nor e Otsheranﬁeasldi'éﬁs.lfi@gtéﬂﬁmndlﬁb@tg@r $1as SRS, sa%er@éam@ v@.t@l”emes
conponents and/or groups thereof. The every terminology used herein

i ncl udi nggtherdlechmiccalkabdiand scitEnt iddrsohewhitmobages haswlédysaire nmeani ng
with the %ener al understanding by the person wth general know edge in the
t echni cal “Pp&rtsELE2pr ééaéﬁt Y"lh‘%/‘%ﬁnt PERSFRE céﬁé@%ﬂ%dlﬁm%%fh@% se

defi ned. 'll'lhE terngrllé)rl 01%' L ed i he di. %t pﬁonar chdare u ed
general | y "Shaft B erpre é& 5to ave thedsdme Fng i TR cont ext

of the re'd@“é‘ﬁorﬁaer%/h'&r@lhelg}’a%‘%ééd %Q%Laﬂ%l 51?1%1&”5@ Px"n?é efSq i geal, or

excessively formative neani ng unl ess ot herwi se clearly defined herein.
The detmi havef theesan¢ naweinig ontearcheeexpbai ned bylexgl aerhngldde
desirabl e enbodi rent of present invention by
and 1t shall not be interpreted as ideal or excessively
formative meaning unless otherwise clearly defined herein.
The details of present invention can be explained by
explaining the desirable embodiment of present invention by
15 referring the attached drawing. The same marks for the
reference suggested on each drawing means the same sub
material.
FIG. 3 is a view showing a microtube liquid medium plasma
discharge apparatus according to the present invention, wherein
20 FIG. 3 (a) shows the construction in which a dielectric
diaphragm member 30 is disposed in contact with a power
electrode 20, and FIG. 3 (b) shows the construction in which
the dielectric diaphragm member 30 is disposed at a distance

from the power electrode 20.

25 The microtube liquid medium plasma discharge apparatus

10



15 referring the attached drawi ng. The sane marks for the reference
suggested on each drawi ng neans the sane sub material. FIG 3 is a

vi ew showing a m crotube |Iiquid nedium plasna di scharge apparatus accordi ng
to the present invention, wherein 20 FIG 3 (a) shows the construction in
whi ch a dielectric diaphragm nmenber 30 is disposed in contact with a power
el ectrode 20, and FIG 3 (b) shows the construction in which the dielectric
di aphragm nenber 30 is disposed at a distance fromthe power el ectrode 20.
25The mi crotube |iquid nmedium plasma di scharge apparatus includes a main
body 10 which is filled with a liquid nedium a power electrode 20 which is
provi ded at one side within the main body to receive electric power, and a
di el ectri endi ey agaenmenbhely 30 which iss fprovd dedn a thguitiredbady and whi ch
is 5 conposed of a dielectric having at | east one hole or slit. The power
el ect r oder2@et seseppldaded AN thichedsr irroyeded fFomna péder wsiippl ytivkevi ce
(not shown). As shown in FIG 2 t he di aphragm nenber 30 may be

di sposed FRIEOMREEWFERET T e&&ﬁé’F CIREF 0 dRID R ddFISFE@r%dslébﬁﬁme

di sposed i sha r ower el e d t her
aspect, F ém84pl sbaw&ggf\}v g%]mjﬁ r?ggge(\ﬁja\fﬁ?anf% o?&atlﬁ‘ b g’r ot ube kill qui d medi um
pl asma i sehasgel aFpar at ¢lsctAS cShahd ﬁtFllgast‘l,onTehﬁolé Qi G1Aedi umdgl asma

di scharge apparatus includes a main body 10 which is filled with a liquid
medi um aptBeponectebdet 20de 20pphich wishpebsstded pbwenefnde powdn n t he
mai n body to receive el ectrl c power, a dielectric di aéohr agm nmenber 30 which
i s provi dEHPPHY t REVHES n (BBHY KRE™hi chPF s SEEIRosEd BiCa di ef¥dct r ke havi ng

at | east %n§§£| | e %rem%e% 3? HQ% grou p%s?l ecgrgde 5(% &ght S &(J)Vrl ded in
eth 0] de wlt

the main bO opposI wer I'ap ¥ agh member

i nter poseditherghetmeen, denerwife diaphr @Q%H@é’ﬂ)%{t 350 diStdheposeth i n

contact with the ground el ectrode 50. That is, the plasnma discharge

appar atws tahopwwdm eEe& ratief @0t her i ncl udes t he ground el ectrode 50 that is
provided in the main body opposite 25 the power electrode 20, with the

di aphr aym nenbék 80°thredsesed FIG. 4 is a view showing a variant of

the microtube liquid medium plasma discharge apparatus. .As
.shown in FIG. 4, the ligquid medium plasma discharge apparatus
includes a main body 10 which is filled with a liquid medium, a

15 power electrode 20 which 1s provided at one side within the
main body to receive electric power, a dielectric diaphragm
member 30 which is provided in the main body and which is
composed of a dielectric having at least one hole or slit, and

a ground electrode 50 which is provided in the main body

20 opposite the power electrode with the diaphragm member
interposed therebetween. Here, the diaphragm member 30 1is
disposed in contact with the ground electrode 50. That is, the
plasma discharge apparatus shown in FIG. 4 further includes the
ground electrode 50 that is provided in the main body opposite

25 the power electrode 20, with the diaphragm member 30 interposed

11



At herebetween, in such a manner as to be contact with the ground el ectrode
50. In the enbodi ment and variant thereof, the electric field around
the hole or slit 31 of the diaphragmnenber 30 is the 5 sanme as in the

di aphragm nenber 30, and a quantity of conduction current that depends on
the conductivity of a liquid mediumis proportional to a cross-section area
of the hole or slit 31, and is inverse proportion to the Iength d thereof
(see FIG 5). 10In addition, the dielectric constant of nobst of polar
liquid nediunms is nuch higher than that of the dielectric diaphragm nmenber
30, so that the strength of the electric field in the hole or slit 31 can
be maxi m zed. That is, the dielectric constant of the dielectric diaphragm

menber 30 therdetihl einthah bhabnedr the cbi gai ébrimdkUM 40.the grouddius, the
guantity of the conduction current is mnimzed so that a high electric
field canebecappld ef-even with | ow wattage. This nmakes it easy to fabricate
the pl asna di scharge apparatus and enables the el ectrodes 20 and 50 to be

resistant 20 t&ncbh? oFEN1IEENE MR MeTABRESTHUE 0 HRR ®MgFeAdFvéiet®ct r odes.

In additiaqn he. pl as di.scharge.apparatus.can be a ied.to. diverse
el ds of SABBITCat Gl Tt ety b BF CORauEtnviay SPRBbT T3 i et um

mnimze thReprocess Cent fdlapBrigm kst | 5@ Plabl Ng poRseIsybesause of
havi ng very | ow wattage, and easi?§ 25 obtain a permanently operabl e power
suppl y dewviocguctiknGeubrést ehaitevdepxplsaioni nhe t tenduat tagey fodr agéhenat i ng

medium is proportional to a cross~section area of the hole or

slit 31, and is inverse proportion to the length d thereof (see

FIG. 5).

10 In addition, the dielectric constant of most of polar
liquid mediums is much higher than that of the dielectric
diaphragm member 30, so that the strength of the electric field
in the hole or slit 31 can be maximized. That 1is, the
dielectric constant of the dielectric diaphragm member 30 1is

15 smaller than that of the liquid medium 40.

Thus, the quantity of the conduction current is minimized
so that a high electric field can be applied even with low
wattage. This makes it easy to fabricate the plasma discharge
apparatus and enables the electrodes 20 and 50 to be resistant

20 to corrosion so that it needs not to use expensive electrodes.

In addition, the plasma discharge apparatus can be applied to
diverse fields of application irrespective of conductivity of a
liquid medium, minimize the process éost for e.g. an existing
plating process because of having very low wattage, and easily

25 obtain a permanently operable power supply device.

12



plasma in a liquid medi umwhen using the el ectrode structure (FIG 3 (b))
of the Iiquid nedium plasnma di scharge apparatus. The wattage for generating
plasma in a liquid mediumcan 5 be obtained by foll ow ng equations.

El ectric field strength E=V/d Here, Vis voltage, and d is a length
of conductive volunme. V=IXR Here, | is conduction current, and Ris
resi stance across el ectrodes. |=V/R R=dl AXS Here, Ais a
cross-sectional area of conductive volune, 15 and Ais electric
conductivity of a liquid nedium Wattage WEVxI Thus, the wattage for
generating plasma discharge in a liquid mediumin the structure of the

pl asma di scharge el ectrode can be obtained by the above equati ons.

FIG. 5 1is a view explaining the wattage for generating
plasma in a liquid medium when using'the electrode structure
(FIG. 3 (b)) of the liquid medium plasma discharge apparatus.

The wattage for generating plasma in a liquid medium can

5 Dbe obtained by following equations.

Electric field strength E=V/d

Here, V 1s voltage, and d is a length of conductive
volume.

V=IXR

10 Here, I 1is conduction current, and R is resistance across
electrodes.

I=V/R

R=d/AXS

Here, A 1is a cross-sectional area of conductive wvolume,

15 and A is electric conductivity of a liquid medium.

Wattage W=VXI

Thus, the wattage for generating plasma discharge in a
liquid medium in the structure of the plasma discharge
electrode can be obtained by the above equations.

20 A test condition is such that the liquid medium is the sea
water, the length (d) of the conductive volume is lcm, an area
of the hole 31 of the dielectric diaphragm member 30 1is
0.1X0.1=0.01cm?, and the conductivity of the sea water is
53X107% (S/cm).

25 The conductive resistance (R=d/AXS) becomes 1/(53X10”



20A test condition is such that the liquid nmediumis the sea water, the

| ength (d) of the conductive volune is |cm an area of the hole 31 of the
di el ectric diaphragm nenber 30 is 0.1X0.1=0.01cn2, and the conductivity of
the sea water is 53x10-3 (S/cm. 25The conductive resistance (R=d/ AXS)
becomes 1/(53x10- 3x0.01)=1887 (2). Here, if the electric field strength E
for generating plasma discharge in the sea water equals 5 kV/cm required
vol t age (V=EXd) becones 5 kV/cnxlcnme5 kV. Electric conduction occurs

t hrough the sea water, and 5 conduction current (1=V/R) equals 5000
(V)/1887 (Q=2.65 (A) so that the wattage (WVXl) equals 5000 (V)x 2.65
(A= 13.2 (kW. Here, if a pulse voltage is used, the plasnma di scharge can

be effectPxel y1misatained. HerR, SENERe e TMMHMAUMENDM N vabogi tyr@f ions in
an 10 electrolyte is limted, ohmc current is hard to flow wi thout plasm
di schar ge 9ehevriginda Masmewdi kohak gsasisagarq rslae warteg| iegpalThis kVYérer wat t age
that is actually required is nuch smaller than 13.2 kW FIGS. 6 to 8 are

vi ews showRAGLIHE 58I eTELS) oPeaRgshys KEA™W @t €Ves of the |iquid

redi um plasma i scharge_glectrode Juhi choa,singke Meroybe 3145

provided in the ectric di aphragm nenber are Views

show ng t Rentigstidresultsntof(1RYR) c@luaGyYanidd i €5 /08st h@ | Lhusd (gpdigim pl asma
di scharge el ectrode in which two mcrotubes 31 20 are provided 1 n the

di el ectri chdt apis agimtagaber=\30L) Hepels @R @)and.85ar®) griaphi ¢al) di agr ans
showi ng the rel ationship between the electric potential and field |lines,
FIGS. 7 afi§¥30 &f e gf'apini &l tapagt angshowifg PLRETRI $455BEEF oftdf PRl ectri ¢

field in %fkggyi\%l@eggmai%gg_ﬂ GS. 8 and 11 are graphi cal

Here, since a maximum moving velocity of ions in an
10 electrolyte is limited, ohmic current is hard to flow without
plasma discharge through a narrow fluid passage (hole or slit).
Thus, the wattage that is actually required is much smaller
than 13.2 kW.
FIGS. & to 8 are views showing the test results of
15 physical guantities of the liquid medium plasma discharge
electrode in which a single microtube 31 is provided in the
dielectric diaphragm member 30. FIGS. 9 to 11 are views
showing the test results of physical quantities of the liquid
medium plasma discharge electrode in which two microtubes 31
200 are provided in the dielectric diaphragm member 30. Here,
FIGS. 6 and 9 are graphical diagrams showing the relationship
between the electric potential and field lines, FIGS. 7 and 10
are graphical diagrams showing the distribution of electric
field in a 1liquid medium, and FIGS. 8 and 11 are graphical

25 diagrams showing the distribution of the electric field in a



.25 diagranms showing the distribution of the electric field in a hole of

t he di aphragm nenber, wherein vertical axes thereof indicate the strength
of electric field, and horizontal axes thereof indicate the position of
line extending from1 to 2 in the mcrotube which is shown in the right,

| ower section of the 5 figures. FIGS. 12 to 14 are views of a

m crotube |iquid nmedium plasma di scharge apparatus for test, wherein FIG
12 shows the appearance of the plasna di scharge apparatus, FIG 13 shows
the internal structure of the plasnma di scharge apparatus, and FIG 10 14
shows the cross-sectional shape of the plasnma di scharge apparat us. In
FIGS. 12 to 14, it is expected that a device characteristic of a reactor is
such that hbesi stante iEapprhn 1mSRodA,2, wiadrd ipapagiti aAt e akss UphtdecX pF. |t
is al so expected that a desired power supply device is such that an out put
vol tage i gndpcate 1thk\strengalieldr mliegtni@r £hilpbl ands quenieonevk, azedut y
cycle is up to 50 usec, Rep f is up o kHz, a current peak is up to 5.2 A
and t he pGgéFe?%rid‘éllFét% % F?S’S?tkW %rlltn@f EreRRE% THBYi hgtVef ot ty of

ions at 1Q,kV | t 2 r i C, a

hydr oxyl ?on Tk§f§:|§ 3%% gﬁigggxgéggo |u§$?g% %Owgf g %ﬁ??ﬁc and a
chlorine if@gutdsl-) is 7.9 cnmsec. Cenerally, the dlelectrlc constant of a
pol ar sol vent including an aqueous solution is greater than that of a solid

25 dielectric. FEes. exanpbe, 14t herediveleget rafc aonstmatiors 1sgohdt hatium

plasma discharge apparatus for test, wherein FIG. 12 shows the
appearance of the plasma discharge apparatus, FIG. 13 shows the
internal structure of the plasma discharge apparatus, and FIG.

10 14 shows the cross-sectional shape of the plasma discharge
apparatus.

In FIGS. 12 to 14, it 1s expected that a device
characteristic of a reactor is such that resistance is up to
1.92 k&, and capacitance is up to 2 pF. It is also expected

15 that a desired power supply device is such that an output
voltage is up to 10 kV, a waveform is + or bipoclar square wave,
a duty cycle is up to 50 usec, Rep f is up to 2 kHz, a current
peak is up to 5.2 A, and the power range is up to 5.2 kW. For
reference, a moving velocity of ions at 10 kV is such that a

20 hydrogen ion (H") 1is 36.3 cm/sec, a hydroxyl ion (OH") is 20.7
cm/sec, a sodium ion (Na') is 5.2 cm/sec, and a chlorine ion
(C17) is 7.9 cm/sec.

Generally, the dielectric constant of a polar solvent
including an aqueous solution is greater than that of a solid

25 dielectric. For example, the dielectric constant is such that

15



distilled water is 80, ethylene carbonate is 89.6, propylene carbonate is
64, alumna ceramc is 10, glass is 5, and acryl is 2.1.1n FIG 15, when
the dielectric diaphragm nmenber is conposed of acryl, the dielectric
constant (cis 2.1, and 5 when the liquid nediumis sea water, the
dielectric constant (c 2) is 80 or nore. The strength E of electric
field at the mcrotude 31 of the dielectric diaphraym nmenber 30 in the

| i qui d nmedi um can be obtained by the follow ng equations. 10 +d2- :20 E7
E2: E Here, El is the strength of electric field at the mcrotube
of the dielectric diaphragm nenber, and E2 is the strength of electric
field in the liquid nedium d, is a length

distilled water is 80, ethylene carbonate is 89.6, propylene

carbonate is 64, alumina ceramic is 10, glass is 5, and acryl

is 2.1. In FIG. 15, when the dielectric diaphragm member 1is

composed of acryl, the dielectric constant (¢ i) is 2.1, and

5 when the liquid medium 1is sea water, the dielectric constant
(¢ ) is 80 or more.

The strength E of electric field at the microtude 31 of

the dielectric diaphragm member 30 in the liquid medium can be

obtained by the following equations.

Vi - €2

|El| :dl '82 ‘l"dz ‘8-1
|| [E2] = €22,

10

Here, E; 1is the strength of electric field at the
microtube of the dielectric diaphragm member, and E. is the
strength of electric field in the liquid medium. d; is a length

15 of the microtube of the dielectric diaphragm member, and d; is a
length of the liquid medium conductive volume. € ; 1is the
dielectric constant of the dielectric diaphragm member, and ¢ ;
is the dielectric constant of the liquid medium.

As can be seen from the above equations, the electric

20 field at the microtube surrounded by the solid dielectric can
be intensified by the influence of the electric field at the

surrounding solid dielectric. Thus, at a given voltage



15 of the mcrotube of the dielectric diaphragm nenber, and d2 is a length
of the liquid nedium conductive volune. C is the dielectric constant of
the dielectric diaphragm nmenber, and 2 is the dielectric constant of the
liquid nedium As can be seen fromthe above equations, the electric 20
field at the m crotube surrounded by the solid dielectric can be
intensified by the influence of the electric field at the surrounding solid
dielectric. Thus, at a given voltage condition, the lower the dielectric
constant of the solid dielectric is, the higher the electric field can be
applied to the mcrotube. According to the above equations, while thinner
thickness 5 of the solid dielectric causes the higher electric field to be

appl i ed t eohbe-16:Gr otdbe loivkr t RBet hiknressits Jmebatthi BAEErsheel e6t11d

resi stance of the mcrotube decreases so that electrolytic conduction
occurs w thel¢cttthe phkasthe beigigrgaher atedirigogsebd ycaonus myrposrtd oss to
i ncrease. 10The conductivity (S) of sea water is 53 nS/cm and specific
resi st ancéPERBICIEUSBa water is 18.9 Qm Conduction resistance Rh at the

hol e of the diglectric diaphraym nenber is 9.6.kS2. Fl 15 .. Vi ew
show ng t he ba§T%O?#¥ﬁ%%8Igh%fggfﬁ%ea%ggﬁg?aeqﬁﬁgﬁaﬁgéﬁi% §¥ﬁ§k§?%ina

di scharge cappasatssid Aictlestrshwiised Bh&SSighert e1dderiandiEL& tdbods a flow
chart of the discharge nechani smof the plasma di scharge apparatus for

test, wherephidd Gto 168hé ahnishowsecavift i g othimkokkes ibeimughgehenated in t he
hole or slit of the dielectric diaphragmnenber, FIG 16 20 (b) shows a
di schar ge ®¢Rahfet beiSigtaesrer atfed i t B HOFePdr ¥GHC2SEPG 526 F3t shows
radi cal s, avi ol.et and chenm cal s_bei i.tted,, .and FLG_ 16 (d)

Choves shoSkRevES Bafng FERar B, RFHES: na BN U DinefBE ChRadse
generated, possibly causing power loss to increase.

10 The conductivity (S) of sea water is 53 mS/cm, and
specific resistance (Rs) of sea water is 18.9 & cm. Conduction
resistance Rh at the hole of the dielectric diaphragm member is
9.6 kR .

FIG. 15 1is a view showing the basic principle of a

15 discharge mechanism of the plasma discharge apparatus for test
shown in FIGS. 12 to 14, and FIG. 16 is a flow chart of the
discharge mechanism of the plasma discharge apparatus for test,
wherein FIG. 16 (a) shows cavities or bubbles being generated
in the hole or slit of the dielectric diaphragm member, FIG. 16

20 (b) shows a discharge channel being generated in the hole or
slit, FIG. 16 ({(c) shows radicals, ultraviolet rays, and
chemicals being emitted, and FIG. 16 (d) shows shockwaves being
generated while the cavity or bubbles collapse.

FIG. 17 is a table containing a data of moving velocity of

25 ions.

17



FIG .17 is a table containing a data of noving velocity of 25 ions.

As such, the electric field at the hole or slit of the dielectric diaphragm
menber is the same as in the dielectric diaphragm nmenber, and a quantity of
conduction current that depends on the conductivity of the liquid nediumis
in 5 proportion to the cross-sectional area of the hole or slit, but in

i nverse proportion to the length of the hole or slit. The dielectric
constant of nost of polar liquid mediuns is much higher than that of the

di el ectric diaphragm nenber, so that the strength of the electric field in
the hole or slit can be 10 maxi m zed. Thus, the quantity of the
conduction current is mnimzed so that a high electric field can be

appl i ed even wathslew, wahd agesctric fiBidhaughnt haoesbedi gemd soof tithe
present invention have been disclosed for illustrative purposes, those

skil | ed i nithectaritc wilaphappn enéraier timattheardapes azodirf itdeat idrdecadd: ti ons
and substitutions are possible, wthout departing fromthe scope and spirit

of the i nFeAPREAFSIYISE oS8y i EREMEETorRfang? I CELar mEUr DO néltat ri al

Appl i cabi | jt The _m crotube |iquid mediu | asnadi.schar.ge apparatus is
applicablé&?%iﬁsvé¥ﬁe%§eof“¥}éT’%Yl%¥cfﬁdr%%? gﬁﬁw%gmﬁﬁéﬁ&WeEéteﬁlfields
such ass dpirBkapt vabetnd reals¥eBlct WSl €aWat &f the hole or slit, but

in inverse proportion to the length of the hole or slit. The

dielectric constant of most of polar liguid mediums is much

higher than that of the dielectric diaphragm member, so that

the strength of the electric field in the hole or slit can be
10 maximized.

Thus, the quantity of the conduction current is minimized
so that a high electric field can be applied even with low
wattage.

Although the embodiments of the present invention have

15 been disclosed for illustrative purposes, those skilled in the
art will appreciate that various modifications, additions and
substitutions are possible, without departing from the scope
and spirit of the invention as disclosed in the accompanying
claims.

20 [Industrial Applicability]

The microtube liquid medium plasma discharge apparatus is
applicable to a variety of fields, including: environment-
related fields such as drinkable water treatment, waste water
treatment, sterilization of ©ballast water in a vessel,

25 agricultural water treatment, substitution of agricultural

18



treatment, sterilization of ballast water in a vessel, 25 agricultural

wat er treatnment, substitution of agricultural chem cals, food processing,
| andscapi ng, sterilization of a water tank, sterilization of a humdifier,
cl eaning of nedical instrunents, cleaning water treatnment, a desalination
system sterilization of a fish cage, sterilization of fishbow, 5 renoval
of red/green tide, or the like; industrial fields such as unit operation,
wet processes for the manufacture of a sem conductor and a flat panel

di splay, electrolytic plating, the manufacture of chem cals; the generation
of underwater shockwaves; sonar equi pnent (the generation of underwater 10
sound); underwater |ight source; underwater jet; or the like. [CLAI M5
[Aai m 1] Rehi@iig] MesbdNMopbasR ndi SChalideagPRAr aktsri0QFREL S NGr 8 Mai N
body filled with a liquid nmedium 5a power el ectrode provided at one side
Wi t hin t heramak ntoody dteriécedtieneléchr hampdiErer, antleaning of medical

instruments, cleaning water treatment, a desalination system,
sterilization of a fish cage, sterilization of fishbowl,
5 removal of red/green tide, or the like; industrial fields such
as unit operation, wet processes for the manufacture of a
semiconductor and a flat panel display, electrolytic plating,
the manufacture of chemicals; the generation of underwater
shockwaves; sonar equipment (the generation of underwater

10 sound); underwater light source; underwater jet; or the like.

19



.a dielectric diaphragm nmenber provided in the main body, the dielectric

di aphragm nenber bei ng conposed of a dielectric having at | east one hole or
slit. [Claim2] The |iquid nmedium pl asma di scharge appar at us
according to claiml1, wherein the diaphragm nenber is disposed in contact
with the power electrode, [C aim 3] The |iquid nmedi um pl asma

di scharge apparatus according to claim1, wherein the diaphragm nenber is
di sposed at a distance fromthe power electrode. [C aim4] The

i quid nmedi um pl asma di scharge apparatus according to 20 any one of clains
1 to 3, wherein the di aphragm nenber has the dielectric constant snaller
than that of the liquid nmedium [Caimb5] The Iiquid nedium plasma

di scharge apparptiusgv@gcording to any one of clainms 1 to 3, wherein the
strength of the electric 25 field increases as the dielectric constant of
t he di aphragm [Claim 1]

A liquid medium plasma discharge apparatus comprising:

a main body filled with a ligquid medium;

5 a power electrode provided at one side within the main
body to receive electric power; and

a dielectric diaphragm member provided in the main body,
the dielectric diaphragm member being composed of a dielectric
having at least one hole or slit.

10 [Claim 2]

The liquid medium plasma discharge apparatus according to
claim 1, wherein the diaphragm member is disposed in contact
with the power electrode,

[Claim 3]

15 The liquid medium plasma discharge apparatus according to
claim 1, wherein the diaphragm member is disposed at a distance
from the power electrcde.

[claim 4]

The liquid medium plasma discharge apparatus according to

20 any one of claims 1 to 3, wherein the diaphragm member has the
dielectric constant smaller than that of the liquid medium.

[Claim 5]

The liquid medium plasma discharge apparatus according to

any one cf claims 1 to 3, wherein the strength of the electric

25 field increases as the dielectric constant of the diaphragm

20



menber decreases. [C ai m 6] The |iquid nmedium pl asma di scharge
apparatus according to any one of clains 1 to 3, further conprising a
ground el ectrode 5 provided in the main body opposite the power el ectrode
wi th the di aphragm nmenber interposed therebetween, wherein the di aphragm
menber is disposed in contact with the around el ectrode. [C aim 7]
The liquid nedium pl asma di scharge apparatus according to 10 cl aim 6,
wherein the di aphragm nenber has the dielectric constant smaller than that
of the liquid nmedium [C aim 8] The |iquid nmedium plasma di scharge
apparatus according to claim®6, wherein the strength of the electric field
increases as the dielectric constant of the diaphragm nenber decreases.
member decreases.

[claim 6]
The liquid medium plasma discharge apparatus according to
any one of claims 1 to 3, further comprising a ground electrode
5 provided in the main body opposite the power electrode with the
diaphragm member interposed therebetween, wherein the diaphragm
member is disposed in contact with the ground electrode.
[claim 7]
The liquid medium plasma discharge apparatus according to
10 claim 6, wherein the diaphragm member has the dielectric
constant smaller than that of the ligquid medium.
[claim 8]
The liquid medium plasma discharge apparatus according to
claim 6, wherein ﬁhe strength of the electric field increases

15 as the dielectric constant of the diaphragm member decreases.
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