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SPECIFICATION

Discharged from Internal

Method and Apparatus for Cleaning Exhaust Gasha-n&

or External Combustion Engine
Redueing—Neise by Using High Voltage Electric Field

Technical Field

The present invention relates to a method and an
apparatus to clean exhaust gas conveying through the
chamber, by burning up granular particles under plasma
atmosphere, by're%%%%%gﬁgaseous materials with negative
ions, and by eliminating NOx with ultravi?let rays,
which are induced by high voltage electric field.

Specifically, the present invention relates to a method
and an apparatus which éan clean exhaust gas and reduce

noise, wherein it comprises the step of burning up the

granular particles with corona discharge after changing
y ‘ state

particles 1nt0'p1asma‘FEmesphere, the step of removing

gaseous materials with negative ions, the step of

eliminating NOx with ultraviolet rays, and the step of

reducing noise.

The main causes of circumstance pollution are smoke and

noise produced by industrial equipmenté ~ and

Met hod and Apparatus for O eani ng Exhaust Gas and
Reduci ng Neiosss2u515Usi ng Hi gh Vol tage Electric Field 5 PCT/KR96/00007
Technical Field The present invention relates to a nethod and an
10 apparatus to cl ean.exhaust gas conveying through the
burni ng up granul ar particles under plasna at nosphere, by renoving
gaseous materials with negative . ions, and by elimnating NOx with
rays, whi ch are i nduced by high voltage electric field.

chanber,

by



15 Specifically, the present invention relates to a nethod and an
appar atus whi ch can cl ean exhaust gas and reduce noi se, wherein it
conpri seswWoigg/24316p of burning up the granul ar partiéFE@“ﬂFpﬁmzorona
di scharge after changing ' particles into plasnma atnosphere, the step
of renmoving 20 gaseous nmaterials with negative ions, the step of
elimnating NOx with ultraviolet rays, and the step of reduci ng
noi se. The mai n causes of circunstance pollution are snoke and 25
noi se produced by i ndustri al equi pnent s and WO 97/ 24515
~PCT/ KR96/ 00007 , - aut onobi | es. Especi al ly, diesel engines are
used in popufaromebiies- by virtue of

Especially, diesel engines are used in popular, psinee

their low_cost
k:.—&-ha-s» ‘high power and Acos-t—g—f-—d—i—ese&:—i-s—-lw. By the

way, in the event of using diesel engines, there occur
5 some problems that diesel engines push out smoke

including granular particles, hydrocarbons, NOx,

noise and so on, which must be solved to prevent the

circumstance pollution.

In order to solve these problems, intensive studies
10 have been carried about cleaning exhaust gas and

reducing noise.

Background of Art

15 Heretofore known methods make use of catalytic filters,

electric field and recombustion of exhaust gas.

In DE 3834920, the system has been described, wherein
it burns up the deposited carbon particles in ceramic
20 filter with ozone produced by electric field of 20KHz

and 20MV.

In WO 9200442, method and device have been described,
wherein exhaust gases are taken into a channel of

25 ceramic body where an electric field is generated
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it has high power and cost of diesel is low By the way, in the event
of susi ny di esel engines, there occur 5 sone problens that diesel engines

push out veowkBI51S i ncluding granul ar particl es, hy®GRISREN@I7 NOX,
noi se and so on, which nust be solved to prevent the ci rcumst ance
pol | ution. In order to solve these problens, intensive studies 10
have been carried about cleaning exhaust gas and reduci ng noi se.
Background of Art 15 Her et of ore known net hods make use of catal ytic
filters, electric field and reconbusti on of exhaust gas. In
DE 3834920, the system has beenf8fescribed, wherein It burns up the
deposi ted cardsmesgsar thel ebingetd tow20 and j ther s#9h ®2&RKacPeEduced by
electric field of 20KHz and 20W. :

deposited on the walls of the channel are first
negatively charged by a discharge electrode and then
oxidized by ions adhering to oxygen.
5 . <___.
| In DE 3314168, the system has been described, wherein
neutral particles are divided into two side streams
which are directed over electrodes of large surface

area, held at opposite potentials.

10
in DE 3711312, the method and apparatus have ‘beenw
'described, wherein particles are removed by being
ionized with UV rays and by being collecggd to the
" plate. -
15

In US 5074112, an apparatus has been described, wherein
a filter disposed within the cavity removes particulate
products of combustion from exhaust gases passing the
cavity and electrémagnetic waves produce heat for
20 incinerating particulate products of combustion.
conventional methods

described
AS“?heWﬁ—én—%he above, &?ﬁ?ﬂﬁeéheé can be applied to

\ eliminate only a kind of%%%éggéggﬁﬁm_and so the other

ingredients including NOx and noise are pushed out

25 without eliminating.



In WD 9200442, nethod and devi ce have been descri bed, “mherein exhaus
gases ate taken into a channel of 25 ceram c body where an electric

field is wovopaisd 2 pOEIKRE6/80607 5

PCT/ KR96/ 00007 across the direction flow, and the soot particles
deposited on the walls of the channel are first negatively charged by
a di scharge el ectrode and then oxi di zed by ions adhering to oxygen.
In DE 3314168, the system has been descri bed, wherein neut r al
particles are divided into two side streans whi ch are directed over

el ectrodes of |arge surface.
Accordingly, the inventors of the present imvention

invented a method and apparatus for cleaning exhaust

gas as well as reducing engine noise.
5 SUMMARY OF THE INVENTION

An object of this invention is to provide a method and
an apparatus for cleaning exhaust gés pushed out from
engines or industrial equipments and reduce engine
10  noisef.
Specifically, the object of the present invention is to
provide method and apparatus which can clean exhaust
gas and reduce engine noise, by partitiening the
granular particles and noxious materials in exhaust
15 gas, and then by burning up directly the granular
particles under plasma atmosphere, by burning up again
the minute particles by means of DC%?%ltage:and AcxgghV
voltage, by removing noxiéus materials with negative
ions, by removing NOx by oxidizing it into NO; with
20 ultraviolet rays and ozone, which can be easily solved
in water which is produced by Sellen's effect of PN

diode in this apparatus, and by cutting of f engine

noises and electromagnetic interference.

25 The apparatus in the present invention is divided into
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area, held at opposite potentials. 10 In DE 3711312, the nethod and
apparatus have been descri bed, wherein particles are renoved by being
i oni zed wiwb 9ZW4518ys and by being collected to the pPCI/BRI6/AH07
In US 5074112, an apparatus has been described, wherein a filter
di sposed within the cavity renoves particul ate products of conbustion
from exhaust gases passing the cavity and el ectromagneti c waves
produce heat for 20 i ncinerating particul ate products of conbusti on.
As shown in the above, one nmethod can be applied to elimnate only a
kind of ingredient, and so the other - ingredients including NOx and
noi se are pusHREBuUMNLES iR tpvdereliai eahpnge productiyvity and
3. .
efficiency of after-service, which can be used in
according to the kind of exhaust gas
- combination or in separationg '
since it has an exhaust gas reducing effect in each unit,

5 In this invention, partition unit (%899 renders exhaust
gas to pass through at high speed and burns up
particles which. has been collected in partition
unit (3-669 |
In partition unit (3€€9d, to pass exhaust gas at high

10 speed, EHD (electro-hydro  dynamics) method and
electrostatic method are applied at bottle necked
nozzle to accelerate the flow of exhaust gas. ’

The negatively charged particles accelerate; much more
by voltage difference between ionpin ¢+3+6% and at{'.ractor

15 electrode ¢2€¢}, and therefore staying or slowing down
of exhaust gas in a chamber ié prevented.

The negatively charged pérticles are attracted by
electrostatic force on the collector electrode (36
which is made of a metal mesh 233} and pa’rticl_es which

20 can not pass through the collector electrode (¥3€¢) of a
metal mesh{233) drop down into the manhole wheie one
set olf discharge pole 4463469 are disposed to burn up
large particles. |
In plasma unit 2649), par.ticles passed. through collector

25 electrode {399 are burned by using corona process,
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Accordiingly, the inventors of the present invention I nvented a net hod
and appawatar@4bi3r cl eani ng exhaust gas as well as r edgkRg/00007i Ne

noi se. 5 SUMVARY OF THE | NVENTI ON An obj ect of
this invention is to provide a nethod and an apparatus for cleaning
exhaust gas pushed out from engi nes or industrial equipnments and
reduce engine 10 noi ses. Specifically, the object of the present

i nvention is to provi de nethod and apparatus which can cl ean exhaust

gas and reduce engi ne noise, by partitioning the
wherein small particles are burned by streamep corona

generated between plasma unit pole (236) and mesh4233+.
In order to clean exhaust gas more efficiently, exhaust
gaé is conveyed to electron unit{3884 after passing

5 through plasma unit ¢2669 . Electron unit 3689 burns up

high high

minute particles by means of DCAyOItage-andﬂACéﬁfifageﬁ“
AC high voltage is applied across pole plate (3583 and
hole plate4336+ in order to generate streamer corona to
burn up minute particles.

10 DC high voltagé is applied across hole plate {336+ and
ionpin pletet320—to —generate—electricwind hy
tenpin(i+6y which pushes particles to hole-platefﬁﬁﬂﬁ
in order to enhance the efficiency of corona gischarge
between hole plate (399 and pole plate (3569 .

15 By the above-mentioned process, granular ingredients of
exhaust gas are nearly cleared. |
Also, there are noxious chemical materials including
NOx in exhaust gas, which are removed with negative
ions generated by ionization unit 466+ which generates

20 UV rays between plasma jet and opposite electrode (4367,
and this UV rays genefate lots of negative ions.
Noxious materials combine with negative ions and ozones
to be changed into other materials.

In order to rgmove.NOX which is not removed in the

25 above-mentioned ionization unit (4663 screen unit {666}~



granul ar particles and noxious materials in exhaust 15 gas, and then by
burni ngiup directly the granul ar particles under plasma at nosphere,
by bur ni ngWp9oZa4ain the mnute particles by neans of HOI/KRIGMEYE and

AC vol tage, by renoving noxious materials wth negative i ons,
by renoving NOx by oxidizing it into NGB with 20 ultraviolet rays and
ozone, which can be easily sol ved in water which is produced by
Sellen's effect of PN - diode in this apparatus, and by cutting off
engi ne noi ses and el ectromagnetic interference. 25 The appar at us
in the present invention is divided into 4
WO 97/ 24515 1s used. PCT/ KR96/ 00007

) _ £ R

The screen unitGG&&h'comprisesAceramic"plate L6399 ,
- second '

andhCeramic plate Bt6%484 having

' . - o iodes
hexagonal holes(610) in. which PN N +628) are

5 disposed.
By action of 10K volﬁage applied across plates, UV rays
are generatéd around hexagonal hole(G%G) in a large
amount, and this UV rays let O, to be changed into
ozone. In addition, PN diodes 2684 cause temperature

gaseous
10 dropping by Sellen's effect to condensatehgg)"into

water.

During above process, the efficiency of removing'NOx

will be enhanced by taking air into plates?_

This invention can contain a union unit+{#66}, which
15 - absorbs engine noised and shields electromagnetic wave

to be radiated by high frequency. Union unit is used

to meet the regulations of EMI, EMC specification of

this inventive apparatus.

According to the above, this invention can clear
20 exhaust gas and can be substituted for a noise

absorber.

Brief Description of the Drawings

25 This object, and other objects and advantages of the

7



seven units in order to enhance productivity and ~efficiency of

after-service, which can be used in conbi nation or in separation. 5
In this wo/emysen, partition unit(100) renders exhaust pcra&@%obdd7Pass
through at high speed and burns up particles which has been coll ected
I n partltlon unlt(lOO) In partltlon unlt(100) to pass exhaust
gas at hy i Y- YR y

el ectros

accel eyate

accelera 7 hdgnfs :

attractof p5eseateamwede@b30)wnmnjdﬁpyaﬁ(Mdreneﬁeamnprﬁsb@mtng down

of exhpuft gas in a chanber is prevented. The negatively charged
partic eE afelavwiagt ed dpecificatel®@ct r oshat i edropoetaort he edthect or
el ectrpdg(130)

accompanying schematic drawing, in which:

of entire components
5 FIG.1l is an exploded_viewA?f the inventive apparatus

;and

FIG.2(a) is a schematic view showing the wexlcing
_ cleaning exhaust gas in
principle'oany partition unit -; and-

discharging tvpe of a
FIG.2(b) illustrates ahPrush corona’ d&eehaige ;and.

(a) assembling components
10 FIG.3) 1s anpembodiment. of a partition unitjp;and..
> : _ . N _ _ N
FIG.4 (a) is ajschematiec view showing-the—dispesition of ,

plasma unit cell and—epposrte—e&ettrode ; and
FIG.4(b) 48~ illustrates aAstreamer corona gisehaxge

an _exploded perspective
15 FIG.5(a) isﬂa—ée%aéied:view;of ome—set—in an electron

unit ;1unf*

FIG.S(b) is a schematic view to calculate the distance
high voltage electrodes
betweenAa—é&s%—ee&&eeter-at soot clean-up space

rend
and FIG. sgg) are : s
20 FIG. 5(c)'\a=s- a- c1rcu:1.t ‘to supply D Avo tage'\ %nm“::_ .

25



which is made of a nmetal nesh(211) and particles which 20 can not pass

t hrough it he coll ector el edtrode(130) of a nmetal nesh(211) drop down
i nto the nayd8l5¥her e one set of di scharge pol e(140,PC¥RIRIGN0607

di sposed to burn up | arge particles. In plasma unit (200),
particles passed through collector 25 el ectrode(130) are burned by

usi ng corona process, 5 WO 97/ 24515
PCT/ KR96/ 00007 wherein small particles are burned by streaner
corona generated between plasma unit poI e(210) and rresh(211) In

order to clean exhaust gas nore effi cisueing a dng (typeQ
to el ectron ufif{-B00F &f cetajdses vgewp o ughsslr§§ﬂau@}altt 6@66-)
Etectron unit E(ISOQJ burns up ‘ high
is a circuit —of 'high-frequency—-’\-voltage"
generator ;and-
a .
FIG.9(b) isAvoltage multiplier circuit to multiply

S voltage applled across a thlrdly order coil ;amd-

FIG.10

7 FIG. 11 is an external perspective view of the whole a 'aratus
according to the present invention.

Detailed Desgcription of the Preferred Embodiment

10
In the following, the present invention will be
explained in detail referring to the drawings.
: componefits of the apparatus
Referring to Fig.l, which shows the entire'/?-ree-pee&ef
15 > dng ex] Eas. according : invention, the :

a partition unit (100) which renders exhaust gas to pass

through at high speed and burns up large particles
which have been collected in a partition unit (100), a
plasma unit(200) which burns up directly granular
20 particles by making them into plasma state with
streamer corona, electron unit(300) which burns up

) ) high hi g&
minute particles by means of DCNpaltage and AC‘YO tage,
;gn@zg;igg

a ﬂ#ﬁﬁfﬁﬂ@ﬁkﬁfiﬂaéien unit (400) which eliminates the

noxious materials by generating lots of negative ions,

25 a screen unit(600) which removes NOx by generating



m nute particles 'by means of DC voltage and AC vol t age. AC hi gh

volFtagetis applied across pole plate(350) and hol e plate(310) in order

t 0 gener @iccolsg@aner corona to burn up mnute parti gdca%roshoo7 DC hi gh
voltage is applied across hole plate(310) and ilonpin plate(320) to
generate elgctr] wi nd by | onpi n(110) which pushes particles to

hol e pl at e( 350 B RS AT L Q £ ; i

di schar ge ) oy PHL A5 PE-Teans t he
above- menti one , hou o f KBS exhaust gas are

nearly cl eared. Al so, there are ngyg s chem cal materials including
NOx in exha@szbngasqinmiw]ktm\eld]&rmvedywbﬁh 1 vieo oxiddzenNOgener at ed by

i oni zation unit(400) which generates 2 WV rays between plasm jet and

opposi te el enttood¥e; ( 480)ch can bearhdiliys ddd vealy S rgerereat ghliohsief negati ve
I ons. Noxi ous materials conbine with negative ions and ozones
to be changedodutcedobhiesebhberrs adBfect of PN diode(620) in screen : .-
unit (400), a union unit(700) which reduces engine
5 noisef and shields electromagnetic waves irradiated
from the above-mentioned unions(100, 200,300, 400,

600), and“hlgl; vo&tage generator (not drawn) to supply

high voltage to each unit.

10 Each wunit will be explained in detail in the
followings.

. a
A partition unit (100) is shown in detail in PRig. A 2D )

(a) and (b)
Flg . 3&
15 Referring to Fig.2(a) ,*-a partition unit(100) comprises

high-frequency
ionpin(110) which induces Anega-t-jﬁe high voltage to

ionize air and granular particles in exhaust gas, an
(105)

the_
attractor electrode(120) in a—rbeé*e-l-e—aee-leed nozzleA

which indu%%tage to accelerate exhaust
20 gas, a meshed collector electrode(130) which partitions
granular particles, that is, larger particles drop down
into the manhole below the méshed collector
electrode(130) and small particles are passed through
the collector electrode(130), and discharge poles (140,

(see page 10a)
25 ¥46) which burns up the dropped materials in manhole. p

10



In order to renbve NOx which is not renoved in the 25 above- nenti oned

i oni zat;i on unit (400), screen unit (600) 6
WO 97/ 24515 ' PCT/ KR96/ 00007

i s used. The screen unlt(600) conprises ceramc plate A(630),

ceramic plate C(650) and ceram c plate B(640) having hexagonal

hol es(610) in which PN di.ode(620) are 5 di sposed. By action of 10K
vol tage applied across plates, UV rays are generated around hexagonal
hol e(610) in a |large amount, and this U/ rays let Q2 to be changed

into ozone. In addition, PN dlodes(620) cause tenperature 10
droppi ng by Sefﬂu%nt& Léﬁ(‘ttmﬁqm‘i Gl ~ '

10(a)



During above process, the efficiency of renoving NOx

wat er .

w Fl be*enhanced by taking air into plates. This invention can

contai n a WR9HRIMHi t (700), which 15 absorbs engi ne noi SREI/KR/9M7e| ds

el ectromagneti c wave to be radiated by high frequency. Union unit is
used to meet the regulations of EM, EMC specification of this
I nventive apparatus. . According to the above, this invention can clear

20 exhaust

gas and can be substituted for a noise absor ber.

Brief Description of the Draw ngs 25 Thi s object, and other objects

and advant ageﬁié)fzi

10

e
bh> shows a brush corona which is discz'xalfged from

ionpin(110) to charge the granular particles in exhaust
gas.

(a) _illustrates perspective view of partition unit sui s
190 . These assemblies (190 as shown in Fig, 1 re ran i

Fig.BA shews—one—eof—the—embodinents—uwhere—above
own ina casing of thg artition unit (100). The
F3 [ n

ﬁﬁirﬁ-(-i-@@-)—,—-wherei-n-—a partition unit (100) comprises a

occurs brush corona,

pa*‘eﬁe&—ua—&-t—-p;a.‘ee-(.;,&g.)ﬁ ionpin(110) whlch,\l-eﬁ-:bz-ee
granutar-partiaeles, an air inlet hole(150) which takes
exhaust gas into channel, a partition unit guider(160)
where bottle-necked nozzle is mounted,' and a partition
unit poie(170) which burns up larger particles which is

mounted at discharge poles (140 1409 below a collector
arti 0

15 >(see page lla) are nmounted

20

25

Fig.4(a) shows a unit cell (250) 'of the plasma unit (200)
which is composed of several unit cells, wherein a
plasma unit cell(25_0') comprises several plasma unit
pole(210) in hemispheric shape which generate streamer

corona to burn up the particles passed through the

collector electrode(130) of the partition unit (100),

'sever_al pole hole(220) in which the above plasma unit

pole(210) are inserted, meshes kﬁfﬁ‘ not shown in
Fig.4(a)l which act as a discharge electrode of the

plasma unit pole(210) and a ground hole(260) which is

11
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present:invention, will appear nore clearly fromthe fol |l ow ng

speci fication in conj unction W th acconpanyi ng schemati c

drawi ng, in which: 5 FIG 1 is an expl oded view of the inventive

appar at us ; and FIG 2(a) is a schematic view showi ng the
wor ki ng principle of an partition unit ;and FI G 2(b)
illustrates a brush corona di scharge ;and 10 FIG 3 is an enbodi nent of a
partition ugit_;and FIG4 (a) |§a§c en%tlc vi ew show ng {he

d| SpOS| t| on Of is " ;’""; Mm‘5 \"J % = p 0;5 nd

Fl G.4(b) is i rlo Led o 9 il 1O !. g 2 A-un % . Dissimi ?ro Ugh

heni spheric pl d.bglll:l T {im} oS0 d iR T e ) rEw of one

set in an el ec mbled n.o t e;pal 1t on_unit oth there can bé attaclie
%ﬂg?ﬂ;iELg -necked nozzle (105) at the partition unit guide assembly

from Fi 3 As shown in Fig. 2(a the partition

unit pole (170) may be substituted for ion pin (110).

lla



unit ;and FIG 5(b) is a schematic view to cal cul ate the distance

bet weenr a dust collector at soot clean-up space ;and 20
FI G 5(C) icfcuit to supply DC vol tage ; and Flgaﬁ?gﬁg' 003 Circuit
to suppl‘3'/vl %’6 \?ig)]:st age ; and FIG 6 is an enbodi nent of the 3fogsrra jet to
generate a negative ion FIG7 is an ionization cel
nmounted on a cell-plate 25 ; and WO 97/ 24515
PCT/ KR96/ 00007 FIG8 is a detailed view to show a screen unit
; and FIG9(a) is a circuit of high-frequency voltage
generator ;and
connected to the meshes(211). s

Fig.4(b) shows the streamer corona which is generated -

between the plasma unit pole(210) in the plasma unit
(see pp. 12a - 12d)
A .

used as opposite electrode
5 cell (250) and meshesA(211) .

10
- 15
discharge electrode £6r streamer corona, and a pole-
plate(350) wi many air inlet hole(150) and many
plasma yaft poles(210) which generate streamer corona
’;}[These ates (310, 320 e
: lectrod b1 ;
20
Fig.5(b) shows the embodiment that the above & ryw d
in a various
plates (310, 320, 350) are disposed in a electron circalar

vertical or .

elliptic type
"of _shape. j

unit (300) . K
Practically, the efficiency of cleaning exhaust gas

25 depends on size, shape, disposition of the plates (310,

12
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FIG 9 (b) is voltage nultiplier circuit to nultiply 5

vol t age

appliedacross a thirdly order coil ;and FI G 10 shows an externa

view of this invention :
of the Preferred Enbodi nent 10 In the foll ow ng,

appar at us Det ai | ed Description

t he present

invention wll be explained in detail referring to the draw ngs.

Referring to Fig.1l, which shows the entire prospect of

15 t he present

invention, the present invention conprises a partition unit (100)

whi ch renders exhaust gas to pass t hrough at hi gh speed and burns up
| arge particles whi ch have been collected in a partition unit(100),

pl asma unit (200) which burns up directly granular 20

particles by

making them into plasma state wth streaner corona, electron

uni t (300) which burns up m nute particles by nmeans of DC voltage and

AC vol t age,

example, if the wunit pole(210) and the opposite
electrode (211) are supplied with high voltage such as

+10KV and -10KV respectively, streamer discharge

20 phenomenon is occurred between each pole,

pole (210) and opposité electrode (211)

Fig.4 (b). THe electric figure of electron moving status

in such a streamer discharge phenomenon is shown in the

right side of Fig.4(b).

25 Plasma ts a highly ionized gas in which particles

12q

as shown in

For

namely, unit

a



a ionic ggyérization uni t (400) which elimnates. the noxi ous
materi al /by generating lots of negative ions, 25 a screen unit(600)

whi ch rghoves NOx by generating 9 WO
97/ 24545 PCT/ KR96/ 00007

ozong with ultraviolet rays in order to oxidize NOX i nto NG3, which
can/be easily solved in water which is produced by Sellen's effect of
PM di ode(620) in screen uni t (400), a union unit(700) which reduces
engine 5 noi ses and shiel ds el ectromagnetic waves irradi ated from
t he above-nenti oned uni ons(100, 200, 300, 400, 600), and high voltage
generator (not drawn) to supply hi gh voltage to each unit.

carrying a postive or negative electric charge exist
equivalently in a differentiated state and which is of
high density and entirely maintains electric neutrality.
Especially streamer corona as illustrated in Fig.4(a) is
5 an electric discharge phenomenon in which luminous
portions are seemingly mingled with each other between
'both electrodes. In other words, it is an electric
discharge phenomendn in which luminous portions are
widened in apperance since fine light flux are gathered
10 together. | |
In order‘to utilize such a corona discharge, as shown in
Fig.4(b), the plasma unit pole(210) is installed in line
with the flow passage of the plasma unit cell(250) and
the meshes(211) which may be served as an opposite
. 15 electrode is installed on the flow passage. On the
contrary, plasma unit pole(210) inserted, as shown in
Fig.4(c), into the pole hole(220) of the connecting
cap(255) mounted vertically to the flow passage of plasma
unit cell (250) and opposite electrodé(not shown) mounted
20 on the inner periphery opposite to the pole(210) can be
used for above corona discharge.
Also, unless the exhaust gas reduction efficiency is
required to be maintained high level, meshes(211) used as
an opposite electrode can be removed. This means that

25 although the plasma unit pole(210) is installed in any

12b



10- Each wunit wll be explained in detail in the f ol | owi ngs.

A partition unit(100) is shown in detail in Fig.2 and Fig.3. 15
Referring to Fig.2(a), a partition unit(100) conprises . i onpin(l10)

whi ch,i nduces negative high voltage to i oni ze air and granul ar
partfcles in exhaust gas, an attractor electrode(120) in a

botA | e- necked nozzl e whi ch induces negative voltage to accelerate
exhaust 20 gas, a nmeshed collector electrode (130) which partitions
ranul ar particles, that is, larger particles drop down into the

nhol e bel ow the neshed collector el ectrode(130) and snal |

articles are passed through the collector electrode (130), and

di scharge pol edifegdion25¥or 1agamphech dsur as w@rihealr ofead zemtardi abs |i n
manhol e. reversé direction to the flow passage of exhaust gas,
much the same exhaust gas reduction efficiency and

capacity can be acquired. Both of the electrode (210, 211)

5 of the plasma unit cell(250) should be supplied with
high-frequency high volﬁage in order to generate a

streamer corona and thus the pointed end of the plasma

unit pole(210) is dense with electrons thereby to

generate corona plasma such as arc dischargé caused by

10 movements of electrons initiated with their inertia force

by self-vibration.

As shown in Fig.S(af, the electron unit (300) for burning
up minute particles with DC and AC high voltage comprises
15 -hole-plte(310), ion pin plate(320) and pole-plate(350) as
one of unit set having same size.
The hole-plate(310) is a plate having a plurality of air
inlet holes(330) aranged at regular intervals in every
direction and each hole(330) makes the flow of exhaust
20 gas smooth .and. meshes (211), not shown in Fig.5(a),
mounted at the inlet hole(330) makes the flow of
electrically charged particles smooth and at the same
time acts as an electric discharge electrode.

The ion-pin plate(320) applied with high-frequency high

25 voltage is also a flat plate with which a plurality of

12¢
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ows a brush corona which is discharged from lonpin(110) to
charge tWe granul ar particles in exhaust gas. 5 Fig.3 shows one

enbodi nrents -where above el enent s(110, 120, 130, 140) are

mountZd in a partition uni t (100), wherein a partition unit(100)
' partition unit plate(180), a ionpin(110) which ionizes
nul ar particles, an air inlet hole(150) which takes 10 exhaust gas
to channel, a partition unit guider(160) where bottl e-necked nozzl e

s mounted, and a partition unit pole (170) which burns up | arger
i cl whi S . d l.sgh I 140, 14 X
ol lector  LohRippifTa0rS; REpySHRaCRE] LN s s CoakRLES

the center of the air inlet holes(330) in the same number
thereof.
By the way, each ion pin(110) generate a number of
5 eiectrons thereby to occur an eléctron wind, which causes
a large number of ions to make it easy to capture the
particles in the exhaust gas. Thus the ion pin plate(320)
should be provided with a plurality of air inlet
holes (331) located at the geometrical center of any
16 rectangle formed with 4 ion pins(ilo) adjacent to each
other in every direction in order to make the flow éf
exhaust g;s smooth similarly to above.
THe pole-plate(350) equally sized to the hole-plate (310)
and ion pin plate(329) has a plurality of plasma unit
15 pole(210) attached to the same location where the ion
pin{110) of the ion pin plate(320) isg located.
These plasma unit poles(210) are caused to discharge a
streamer corona for burning up electrically chared
particles captured by themselves. The pole-plate is also
20 provided with a plurality of air inlet holes(332) at the
center of any rectangularly positioned 4 unit poles(210)
similarly to the plate(320) for the purpose of
maintaining a good flowing condition of electrically

charged ,particles.

124



15 Fig.4(a) shows a unit cell (250) of the plasma unit (200)

whikch i s conposed of several unit cells, wherein a pl asma unit
cel |l (250) wopridsiss several plasma unit pol e(210) i n POAVKENE06007 C
shape whi ch generate streaner 20 corona to burn up the particles passed
t hrough t he col l ector el ectrode(130) of the partition unit(100),
several pole hole(220) in which the above plasma unit pol e(210) are
inserted, meshes [211 ; not shown in Fig.4(a)] which act as a

di scharge el ectrode of the 25 pl asma unit pol e(210) and a ground

hol e(260) which is ' 11 WD 97/ 24515

PCT/ KR96/ 0000220, 350) and applied voltage and current.

The appropriate area of cleaning exhaust gas in a
electron unit(300) is characterized by :
5 S = WNH
wherein distance between plates(310, 320, 350) is W,
the height of plates(310, 320, 350)is H, the amount of
exhaust gas is L, and the cross-sectional area for
cleaning exhaust gas is S, if space is composed of n
10 plates.
The space between plates(310, 320, 350) is lane, and
the e« area of one lane is 2LH so that the total area
of cleaning exhaust gas in a electron unit (300) is as
the followings. | ’
15 A = 2NLH
pin
DC-7KV is applied to each ionpémpplate(320) and hole-
plate(310) to ionize the minute particles by a ion
pin(110) on the ionpégﬁ%late(320) and then to deposit
20 the ionized particles on the meshes(211) of the a hole-
plate(310) and to cause electron wind between a ionpin

plate(320) and a hole-plate(310).

ﬂE 15E§ is applied  to pole plate(350)} to generate

A

streamer ccrona to burn up the particles collected on

25 meshes (211) .

13



connected to the nmeshes(211).

Fi g.4(b) shows the streanmer corona

whi ch is gener at ed between the plasma unit pole(210) in the plasm

uni t wo%‘?)zlagl 50) and neshes(211). Fig.5(a) shewg8R806@% Of a
electron unit (300) which is conposed of several units. One set of
the el ectron uni t (300) has a ionpin plate(320), a hole-plate(310) 10
and pol e-plate(350), wherein the ionpin plate(320) applied negative
hi gh vol t age conpri ses many i onpi n(110) which ionize the mnute
particles and generate electron wind, and many air inlet hol e(150)

whi ch gas pass through, a hole-plate (310) with many air 15 I nl et
hol e(150) rfwgtsrdcomlsesh@&éa&ﬁ wﬁh@h §Q§g§-§es pDC véiesyarge ghectrode for

streanmer corona, and a pol e- pl at e(

1onﬁ%§l’m) UnhduPed®s G2L0knWhi shpaenendte slaeansrogor ona
to burn up the

and many

10

15

20

25

ticles.
comprises a transformer(T) to multiply voltage, a

rectifying diode (D1, D2), a filtering resistor(R1l, R2)
to attenuate ripple signal, resistor (R3) the time
constant of this circuit and capacitor(Cl) which

determine the time constant of this circuit.

FIG.5(d) is another circuit which supplies DC voltage
Bin Bin
to an ionpéqﬂllo) mounted on a ionpéaAunlt plate (320).
A circuit comprises a transformer(T) to multiply
voltage, a rectifying diode(D3), resistor(R6) and
capacitor (C2) which determine the time constapt of this
circuit when positive voltage is applied, and
resistor (R6) and capacitor(C2) which determine the time

constant of this circuit when negative voltage is

applied. .

Here, Electric field(E) generated at a ionpin(liO)
v
R (RC/RD)
V : voltage applied at a ionpin(110)]
R : the radius of corona discharge generated at a’

i
ionp%.'rl.n&llo)

RD : the radius of discharging current generated at

14

0) with many air inlet hol e(150) -



20 Fig.5(b) shows the enbodinent that the above

pl at es(B810, 320, 350) are disposed in a electron uni t (300).

Practi cal WO 9%24815ef f i ci ency of cl eani ng exhaust gas 25 PEEFRMGHN®A si ze,
shape, disposition of the plates(310, 12
WD 97/ 24515 PCT/ KR96/ 00007

320, 350) and applied voltage and current. The appropriate area of
cl eani ng exhaust gas in a el ectron unit(300) is characterized by 5
S = WNH wherei n di stance between plates(310, 320, 350) is W

.
.

. __pin
an 1onpaen&110)
RC : the radius of meshes(211) set up on an air

inlet hole(150).

5 Referring to Fig.6, the ionization unit (400) comprises

many ionization cells(405) composed of an inner
pipe(410) and an outer pipe(420) pwhere gas passes
a hole plate (430) served as

through at high speed, andjan opposite electrode (43863

ee P 152, Bb and IS¢
applied with high voltage.ch Pd-}'g—ehé—pee-n-e-eﬁ)é-(-q—e-s-)—e-f—

10

15

QIS '~V o - P e -~ = e oD -

20 plate A(630), plate B(640), and plate C(650L7wherein
it comprises plate A(630) and plate C(640) having
several hexagonal holes (6187 which generate UV rays to
render O, into ozerfe and then NOx into NO;, and plate
B(640) having several PN diodes(620) to generate H,O by

25 = 2;‘: ~a sy

15



t he hei ght of plates(310, 320; 350)is H, the anmount of exhaUst gas is

L,. and <t he cross-sectional area for cl eaning exhaust gas is S, if
space is conposed of n 10 pl at es. The space between pl at es(310,
320, 350) is |ane, and the an area of one lane is 2LH so that the
total area of cl eaning exhaust gas in a electron unit(300) is as

the followi ngs. 15 A = 2NLH DC-7KV is applied to each

i onpi n plate(320) and hol e- pl ate(310) to ionize the mnute particles
by a ion pin(l10) on the ionpin plate(320) and then to deposit 20
the ionized particles on the meshes(211) of the a hole- - plate(310)
and to cause electron wind between a ionpin pl at e(320) and a

hol e- pl at e(310) . AC 10KV is applied to pole plate(350) to generate

streaner corona to burn up the particles collected on

Both of the inner and outer pipes(410,

20 420) are formed into a tapered off cylinder like a
5yringe.

The hole-plate(430) which acts as a opposite electrodé

can be shaped into a £flat plate as shown in Fig.1 and

15a



es(211). 13 WD 97/ 24515

1/ KRe6/ 00007 Fig.5(c) is acircuit which supplies DC voltage to
an i onpi n(110) .mounted on an ionpin unit plate(320), conprises a
trgAsfornmer(T) to nmultiply voltage, a rectifying diode(Dl, D2), a
ffitering resistor(RL, R2). 5 to attenuate ripple signal, resistor (R3)
he tine constant of this circuit and capacitor(d) which
determ ne the tine constant of this circuit. FI G 5(d) is another
circuit which supplies DC voltage 10 to an ionpin(l10) nmounted on a
lonpin unit plate (320). A circuit conprises a transforner(T) to

mul tipl
i tipty provided with a plurality of air inlet holes(431) which

equal in number to the ion pin plate(320) of the electron
unit (300). A plurality of ionization cells(405) are
attached to the cell plate(409) assuming the form of flat
5 plate as seen from Fig.7 in the case of applying in
practice to the éxhaust gas cleaning apparutus as showﬁ
in Fig.1l and each ionization cell (405) is attached to the
location centered on the axis passing through the center
of any rectangle formed with 4 adjacent air inlet
10 hole(431). o
Fig. 8 s‘hows are set of écreen unit (600) which 1is
composed of several sets. Each set of screen unit has the .
first plate(601) made of ceramic material coated with
15 metal film which is 20-30um thick and formed with
hexagonal hole(610) shaped as h_oneycomb, depicted in
detail by A, to generate UV rays and the second
plate(603) having PN diode(620) inserted into the
hexagonal holes(610) formed in the same way of the first
20 plate(601l) in order to remove NOx gas with moisture
generated by temperature drop of the exhaust gas. The
screen unit (600) comprises the first and the second
plate(601, 603) stacked one by one as a module.

At this time, the operating voltage of the PN diode(620)

25 is 0.7V. Accordingly, the number of diode which is

15b



i

vol tage, aAectifying diode(D3), resistor(R6) and capaci tor (C2) which

determ nefthe tinme constant of this circuit when positive voltage

is appl#fed, and 15 resi stor (R6) and capacitor(C2) which determ ne the
time constant of this circuit when negative voltage is appl i ed.
Her e |l ectric field(E) generated at a ionpin(110) 20 .

E =4 R( RC/ RD) V : voltage applied at a

i offpin(110)] R : the radius of corona discharge generated at a 25
i @pin(ll0 RD the radius of-discharging current generated at

1 WD 97/ 24515 PCT/ KR96/ 00007

needed, N, is specified as

N= DC Voltage (V)
0.7V

15¢



an ionpin(110) RC the radius of neshes(211) set up on an air

I nl et hol e(150). 5 Referring to Fig.6, the ionization unit(400)

conpri ses many ionization cells(405) conposed of an_inner

pi pe(410YOHHSAH outer pi pe(420) where gas passes tﬁ#%%@%“tm%i gh
speed, and an opposite el ectrode(430) applied with high voltage. And
the point end(406) of 10 each ionization cell (405) is disposed between
opposite el ectrodes(430). Referring to Fig.7, the ionization
uni t (400) conpri ses a cell plate(409) on which several ionization
cell (405) 15 nount ed, and hol e-pl ate(310, shown in Fig.l) which acts
as an 0pposiLg, ekeci Lode(430).. :

Fig.9{(a) shows a high-frequency voltage generator,
wherein it comprises a firstly order coil applied with
5 AC voltage, a transistor(T) to amplify signal, bias -
resistor(R7) to stabilize operation, a thirdly order
coil applied with high voltage according to the turns
ratio, a secondly order coil to modulate carrier having
50KHz-100KHz, a voltage multiplier circuit(D5), and

10 capacitor(C5) to charge a thirdly order voltage.

Fig. 9(b) shows a voltage multiplier circuit (DS) %n
detail shown iﬁ.Fig.9(a), which comprises & thirdly
order coil to induce high voltage according to turns
1S rétio, diode (D10, ...,D80) to rectify AC voltage, high
voltage is charged across capacitor(C5,...,C70).

And the equivalent circuit of a voltage multiplier

circuit (D5) is shown.

20

25

16



one set of screen unit(600) which is “conposed of several

et of screen unit has 20 pl ate A(630), plate B(640), and

0), wherein it conprises plate A(630) and plate C(640)
several hexagonal hol es(610) which generate UV rays to

02 into ozone and then NOx into NO3, and plate B(640) having

Pral PN di odes(620) to generate HO by 25 dr oppi ng down the

nperature of exhaust gas resulted 15

D 97/ 24515 PCT/ KR96/ 00007

fromSellen' s effect. Fig.9(a) shows a high-frequency voltage

gener at or,

sets. Ote
pl at e
havi n

20 Fig.10 shows the horizontal section of the wunion
unit (700) . This unit (700) comprises a mechanical-electric

filter, to absorb engine noises and to shield

electromagnetic waves to be radiated £from corona

16a




conprises a firstly order coil applied with 5 AC Voltage, a

transi sjor(T) to anplify signal, bias resistor(R7) to stabilize
operatfon, a thirdly order coil applied with high voltage accordi ng
to t turns rati o, a secondly order coil to nodulate carrier having

Z- 100KHz, a voltage nmultiplier circuit(D5), and 10 capacitor(C5) to
rge a thirdly order voltage. : Fig. 9(b) shows a voltage multiplier
rcuit(D5) in detail shown in Fig.9(a), which conprises a thirdly
rder coil to induce high voltage according to turns 15 ratio,

| ode(D1Q,...,D80) to rectify AC voltage, high vol tage is charged
across capacitor(C5,...,Cr0). And the equivalent circuit of a voltbge
‘mul tiplier disghaqge ECYSE -shown. 20 Fig.10 shows the entire

external form.the present ., .invention, which is housed with netal ip
order to cut Namely, this unit is used to meet the regulations of EMI,

EMC specification of this inventive apparatus. BY
inserting a plurality of ferrite cores(720) into metal
5 house(710) and by winding wire(730) around ferits
| cores (720), this unit(700) shields EMI and EMC.
To shield EMI, EMC effectively, a wide range L and C with
resonant frequency is recommended. A fine ceramic
material can be substituted for the metal house(710) and
10 ferite material Cén be used for the cores(720) mountea
outwardly to the metal house(710).
The ferit; cores (720) are divided into 2 groups one of
which is oprated for a positive magnetic field and
another of which is operated for a negative magnetic
15 field so as to shut off the electromagnetic waves found
near the exhaust port. Also, as shown in Fig.1ll, the
‘entire external housing is prefered to have an exhaust
port bended towrad the ground and is more effective when
used duplicately in parallel arrangement.
20
Fig.1l1l shows the entire external form of the present
invention, which is housed with metal in order to cut off
the outer impact and to prevent irradiating engine noise
and electromagnetic waves caused by each unit.

25 The outlet of the case is forwarded to the ground.

16b



off the outer inpact and to prevent irradi ati ng engi ne noi se and

el ectromagneti ¢ waves caused by each unit. The outlet of the case is
f or war ded wo ovhss1gr ound. 25 PCTYER96/00007 \\D
97/ 24515 PCT/ KR96/ 00007

Finally, a union unit(700) in Fig.1 absorbs noi se and shi el ds

el ectromagneti c waves, wherein it conprises a secondly order ferrite
core to neet the regulations for noi se absorber, EM and EMC. 5

The operation of the apparatus in the present invention will be

expl ained in the follow ngs.

and
shields electromagnetic waves, w it comprises a
secondly oxrder ferxi ore to meet the regulations for

noise Sorber, EMI and EMC.

The operation of the apparatus in the present invention

will be explained in the followings.

10 Partition unit(100) takes exhaust gas pushed out from
an engine and sends it to a plasma unit (200) fluently.
In a partition unit (100), EHD(electro-hydro dynamics)
method is applied between inhaling sitﬁia—a) and
exhaling site(b-b) to accelefate the flow of exhéust

15 gas and electrostatic method of Coulomb's force is
used.
Exhaust gas mixed with air is inhaled into a partition
unit(100), and the granular particles in exhauét-gas
ére decomposed and ionized into negatively. The

20 negatively charged particles pass through a bottle-
necked nozzle, where the speed of the gas accelerates
by means of EHD method. | |
In addition, negatively charged particles. accelerates

' the ion pi

much more by voltage difference between R-1-0-Hpin(110)
then

25 and.%h attractor electrode (120) induced negatively, and

17



10 Partition unit(100) takes exhaust gas pushed out from an engi ne
and sends it to a plasma unit (200) fluently. In a partition
uni t (100), EHD(el ectro-hydro dynani cs) met hod i s applied between

i nhal i ng @ PH4813) and exhaling site(b-b) to accel ePQTEROHPT ow of
exhaust 15 gas and el ectrostatic nmethod of Coulonb's force is

used. Exhaust gas mxed with air is inhaled into a partition
unit(100), and the granular particles in exhaust gas are deconposed
and ionized into negatively. The 20 negatively charged particles
pass through a bottle- © ore necked nozzl e, where the speed of the gas
accel erates SOQPERALREERILEHD et ho addi ti.on, negatively
char ged parfﬁ81e Racear gFevent ﬁﬁE%UﬁBrgaﬁyiﬁsr?aaé HFP?ef@hce bet ween

2 1Lonpi n(11 Q) (285 09, A% AL A0 LSt R0 WIussd ggeti vel .

above process as EHD(electro-hydro dynamics) method.
Exhaust éas after passing througﬁai—nozzle is diffused
5 to ;1 collector electrode(130), where the diffusion
theory of waveguide is applied. That is, exhaust gas
diffused after passing throuéﬁ_khe narrow space can
spread widely without slowing down the speed. The
negatively charged particles are attracted by
10 electrostatic force on the collector electrode(130)
which is made of metal mesh and larger particles which
can not pass through the collector electrode(130) of
metal mesh(zllfidrop down into the manhole fhere one
set of discharge poles(140,—348) are disposed to burn
15 up large particles.
While large particles in exhaust gas are eliminated by
burning up in a manhole where small particles may pass
through the collector electrode(130). It is preferred
that ﬁlﬁiftition unit pole(170) has a round head in
20 shape to increase ignition energy.
The high speed of exhaust gas is helpful in preventing
.the collector electrode(130) filled up with .small
particles.

the
25 In & plasma unit (200), particles are burned by applying

18
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this phenonena prevent exhaust gas from staying or

the partitWoP73f3e
EHD( el ectro- hydro dynam cs) net hod.

PCT/ KR96/ 00007
EB%&SG/%W in
above process a

Exhaust gas after passing through

(100). We call the

a nozzle is diffused 5 to a col l ector electrode(130) where the

di ffusion that 5E C { S Lied. e kBroiNAUS

diffused af t e PASR ¥ R AR I nng shroua Lt IS Y

wi t hout sl oW ig Vel'y charge i cl es
are attracte r gg%gfg

el ectrode(13 lasha a-pvﬁc 'l\s%ﬂn%csiéea%jfé:s“(af &nrggs]hag%% rger psarafrlecl es V\/m ch

can not pass
drop down int

10

15

20

25

&P?ﬁg&&mﬁ]\?? gﬂﬁ]l%ﬁ%r aBliehbE2de¢L3BhrPicles, of BirlcHresh(211)

(0]

the amounts are the same, and therefore they show

neutral state in total.

Small particles which can pass through the collector
electrode(l30);§t¥¥ up in a plasma unit cell(250) by
streamer corona generated between a plasma unit

pole(210) applied with + voltage and mesh({211) applied

with - voltage.
At this time

the

sinc

o_the unit ole (210) and meshes (211

 wWeem the high voltage is applied, for a short time,

flowed into the plasma unit cell (250) ar¥e charged and burned uyp by

particles in exhaust gasAare—eharged—and—busneé—up—by
flame discharge which occurs between a plasma unit

pole(210) and mesh(211).

In addition, particles oscillate due to property of

‘attracting each other by electrostatic force and this

prevents the meshed net (211) filled up with particles.

Further, electrons oscillate in plasma state, and

electron's oscillation frequency enhance the particles

oscillation.

Oscillation frequency(f,) is characterized by;

19



set of discharge pol es(140, 140) are disposed to burn

15

up | arge

particles. Wiile large particles in exhaust gas are elimnated by

bur ni ng ' nhol e where snall particles may pass
col | ect o;w%t);}%{%%gm

ng@&&&&ﬁ@ﬁ the

0de(130). It is preferred that a par

I on unit

pol e(170) has a round head in 20 shape to increase ignition energy.

The hi gh speed of exhaust gas is hel pful in preventing
el ectrode(130) filled up with small particles.
unit (200), particles are burned by applying

18 WD 97/ 24515

f, = 8.9 x 10%VN

25

t he coll ector
In a plasm

PCT/ KR96/ 00007

-
-

, where N is electron density and oscillation frequency

depends on air pressure.

> (see 9. ?.oa)

Y 7.

aust

gas is conveyed to electron unit(300) after pagsing

through plasma unit (200).

The air inlet hole{150) of hole plate(310)

plate set

is composed of metal meshed net(211, ot drawn in

10 Fig.S5(a)] through which exhaust gas f£an flow freely,

and metal meshed net (211) acts as gAscharge electrode.

AC high voltage is impressed #® pole plate(350)

and

hole plate(310) in order to génerate-streamerfcorona to

burn up minute particles And oscillating AC voltage

15 prevents the metal mpéshed net[ 211, not drawn in

Fig.5(a)] filled up/with particles.

DC high voltage ié impressed across hole-plate(310) and

ionpin platef320) to generate electric

wind by

ionpins(114) on the ionpin plate(320) which pushés

20 particlgs to hole plate(BSO) in order to enhance the

effifiency of corona discharge between hole plate(310)

The above-mentioned process will Dbe

25 systematically in the following.

20

explained



pl asma proocess, where plasnma neans that particles are divided into
positive and negative particles, of which the anbunts are the sane,
and therefore they show neutral state in total. 5 Smal | particles
whi ch can pass through the collector el ectrode(130) burn up in a

pl asma unit cell (250) by streaner corona generated between a pl asna
uni t pol e(210) applied with + voltage and nesh(211) applied

with - voltage. 10 In the present invention, the streanmer corona is
generated by using a hem spheric plasma unit pole (210). By using a
hem spheric plasma unit pole, a |arge anount of streaner corona can
be generat ed. 15 When the high voltage is applied for a short tine,
particles in exhaust gas are charged and burned up by . flanme di scharge
whi ch occurs between a plasnma unit pol e(210) and nesh(211).

Then, the exhaust gas passes through the electron i

_25;;pn1t(300) 1s prov1ded with air inlet holes(330) for the
—

exhaust gas to pass through unlformly At this time,
meshes such as the meshes (211) can be mounted to the flow
passage as a discharge electrode. AC high voltage is
impressed between the pole-plate(350) and the hole-
5 plate(310) in oxder to generate electric Qind from ion
pin(110) of the ion pin unit plate(BéO) and thereby to
push the particles toward the hole-plate(310). Thus the
minute particles passing through the meshes are burned up
again effeétively by the corona discharge generated

10 between the hole-plate(310) and-the pole-plate (350}

20a



In addition, particles oscillate due to property of 20 attracting each

other by electrostatic force and this prevents the neshed net(211)
filled upwaam4pisrticl es. Further, el ectrons oscil | REKRIHOYUI g
state, and _ el ectron's oscillation frequency enhance the particles
oscillation. 25 Gscillation frequency(fk) is characterized by;

19 - WD 97/ 24515 PCT/ KR96/ 00007
flerr] = 8.9 x 10[err]N where N is electron density and oscillation
frequency depends on air pressure. 5 In order to clean exhaust
gas nore effE%ientl , exhaust '

e noxlous materials in exhaust gas are nearly cleared
preliminary Burned ug to bel
by several steps, wherein large particles are,
removed in partition unit(100), and then small
particles passed through the partition unit (100) are
5 -removed in plasma unit(200) by streamer corona, and

then minute particles are eliminated in electron

unit (300) .

There are noxious chemical materials in exhaust gas,
10 and two different methods are used to remove noxious
chemical materials in the present invention.
First, noxious materials are removed with negative ions
generated by ionization unit(400). }onization
e
" unit (400) which generates ultraviolet rays between
15 outer pipe(420) and opposite electrode(430), and this
ultra-violet rays generate lots of negative ions.
While the general negative-ion generator has a pointed-
end in order to produce negative ions, negative ion
generator of the present invention has an ionization
20 cell (405) structure which has inner cylindrical wall
dividing the space into two routes, that is, inner
pipe(410) and outer pipe(420) in addition to the known
form. By the above-mentioned ionization cell (405)
structure, the negative ion generator of the present

25 invention emits more negative ions several thousand
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gas is conveyed to electron unit(300) after passing t hrough pl asma
unkt (200). The air inlet hole(150) of hole plate(310) In plate set
i's conpOﬁ&ﬁ,&f et al nmeshed net[211, not drawn in d; %&mghrough
whi ch exhau gas can flow freely, and net al neshe net 11) acts as
di scharge el ectrode. AC high voltage is inpressed to pole plate(350)
and hol e plate(310) in order to generate streaner corona to

burn up mnute particles. And oscillating AC voltage 15 prevents the
nmetal neshed net[ 211, not drawn in Fig.5(a)] filled up with
particles. DC high voltage is inpressed across hol e-pl ate(310) and

ionpin pl atgm@d0thahOrh@enAlAl e €k | on Yebrdtbr, whilkoppéns(110) on
the ionpin plate(320) which pushes 20 particles to hole plate(350) in

order to enhargoukh@ases pasbihgl eRgwyugh cer oBzydhighaspeelet ween hol e
pl at e( 310) and pol e pl ate(350).
We call this method as plasma jet, where the
appropriate distance between outer pipe(420) and
5 oppqsite_electrode(430) should be maintained in order
to generate negative ions in a large amount.
Corona is also generated at the pointed end of plasma
jet, and its temperature is 800°C-1500°C.
The noxious material molecules are excited by ultra-
10 violet rays and the excited noxioué materials combine
negative ions and ozones to be changed into other
materials. And in this process noxious positive ions

are also removed. : Vs

15 In order to remove NOx which is not removed in the
above-mentidned'ionization.unit(400), screen unit (600)

is used in the present invention.
the first plate (601) and the second plate

The screen unit (600) comprises Eeramte—p&aﬁe—kﬁEHH— (603)

eeramie—plate—€{658—and—ceranic—piate—B{646+ having
20 hexagonal holes(610) in which PN diodes(620) are.

disposed.

When 10K voltagé is impressed to plates; ultra-violet

rays.are generated around hexagonal hole(610) in a

large amount, and ﬁltra-violet rays let O, be changed

25 into ozone.
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The above-nentioned process wll be explained 25 systematically in

the fold ow ng. 20 WO 97/ 24515

PCT/ KB96/ G90®7124515 The noxious nmaterials in exhaust mESKRseoooeEar |y
cl eared by several steps, wherein large particles are first

renoved in partition wunit(100), and then snall particles passed
through the partition unit(100) are 5 renmoved in plasnma unit(200) by
streaner corona, and then mnute particles are elimnated in electron
uni t (300). - There are noxious chemical materials in exhaust gas, 10

and two different nethods are used to renove noxious )
Ozone is generated in a large amount when thigckness of

.metal is 20pum-30um

The impedance matching is important, since the printed

metal may be separated from ceramic plate, if higher
5 voltage than 1KV is impressed for a long time.

Also the separation of the printed metal from ceramic

plate can be prevented by scratching the ceramic plate.

Such an apparatus has been used for sterilization of
10 food or for generator of ozone, but it has been never

used for eliminating of smoke.

In addition, - PN diodes(620) mounted in , hexagonal
. &
holes(610) of plate B(640) cause temperature dropping
.15 by Sellen's effect to condense H,0 into water.

Ultra-violet rays are generated in a large amount when
< d ces of the first plate (601) and

‘high voltage is impressed to the'P&a-Ee—A-(-Ga-ea—a-né-p%a-Ee-x—-—-——'t £ secoll
plate (603> faced to each other, .

L6503, ’\and this ultra-violet rays make oxygen into
ozone th_.ch renders NOx into NO; which can be easily

20 solved in water.

During this process, the efficiency of removing NOx
will be enhanced by taking air into platesh in serial and parallel
' arrangement.

The method of dropping temperature by using PN
diodes (620} is called as Sellen's effect and this

25 method has been used for refrigerator, but has never
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chem cal materials in the present invention. First, noxious materials
are renpved with negative ions generated by ionization unit(400).
‘loni zati on uni t (400) which generates ultraviolet r Aq§ 15

out er BV? 317é7dfﬁand opposite el ectrode(430), and this ¥Cr 6\!@&3\% ol et
rays generate | ot s of negative ions. Wil e the general negative-ion
generator has a pointed- end in order to produce negative ions,
negative ion generator of the present invention has an ionization 20
cel 1 (405) structure which has inner cylindrical wall di viding the
space into two routes, that is, inner pi pe(410) and outer pipe(420)
in addltlonb%%ntﬁge@nqw@ eliminb®ifg sBbkehe above-menti ened ionization

cel | (405) structure, the negative ion generator of the present 25

i nvention emts nore negative ions several thousand

21

5 The operating voltage is 0.7V.
Accordingly, the number of diode”which is needed, N, is

specified as;

10 7 olv

Most of noxious chemical gas in exhaust gases is

removed inﬁ%ﬁ’ionization unit (400) and a NOx, which is

not filtered'in:%%Eionization unit, is removgd through
15 ih%creen unit (600).

Therefore, the granular ingredients and noxious

chemical gas of exhaust gases are completely purified.

A high voltage generator with a high £frequency
20 comprises by a high frequency oscillator and a high
voltage rectifier with transformer.
The high voltage generator with a high frequency of
this invention supplies positively and negatively
polarized high voltage.
25 A high voltage generator in the ﬁresent invention is

different from the usual one in the point that it has
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WO 97/ 24515

times tshan the usual negative ion generator,
passi ng t Q5K very hi gh speed. W call this PrEHRI§0009Z
plasma jet, where the appropriate distance between outer

pi pe(420) and 5 opposite el ectrode(430) should be maintained in order
to generate negative ions in a |large anount. Corona is al so generated

PCT/ KR96/ 00007
whi |l e the NnoXi oOus gases

at the pointed end of plasm jet, and its tenperature is
800[err]C—1500[err]C The noxious material nolecules are excited by
ultra- e excit d Noxi oys ,mat er | nbi ne
negative - |on? 3§ c%?% ‘?ﬁgbggﬁﬁinﬁsa Fn?%:fﬁ ion s rﬁﬁ?éﬁi%?@ And in

ositive . ons

o FRuEAgh 2

voltage, if a secondly order coil is abnormal.

noved 15

t-his process n% 2 S 1rsrt%.y order coil

| n order
to renopve NQ( :

5 This high voltage generator shown in FIG 9(a) comprises
a transistor to amplify a modulated signal, a thirdly
order coil to induce a high voltage, a secondly order
coil to shutdown a firstly order coil voltage,

when

second orderly coil does not work well, a capacitor(C5)

10 to charge voltage, and a voltage multiplier circuit (DS)
to multiply a voltage.
A voltage multiplier circuit(D5) is used to multiply
voltage needed for the above-mentioned units }100, 200,
300, 400, 600), wherein E is a charged volt;ge across
15 a capacitor(Cs5), 2E is a charged voltage across a
capacitor (C10), 3E is a charged voltage across a
capacitor(Cz.O), 4E is a charged voltage across a
capacitor(C30), S5SE is a charged voltage across a
capacitor (C40), 6E is a charged voltage across a
20 capacitor(C50), 7E is a charged voltage across a
capacitor(Ce0), 8E is a charged voltage across a
capacitor (C70)
A ceramic resistor filter(R100) is used to prevent
circuit breakdown, and to avoid dangerous situation
25 .

which are caused by the remained high voltage across

25



above-nentioned ionization unit (400), screen unit(600) s used in

the present invention. The screen unit(600) conprises ceramc plate
A(630), ceramic plate C(650) and ceram c plate B(640)._ havi 20
hexagonalYORHPEL 610) in which PN diodes(620) are PT’E?‘%%@“@%.
When 10K voltage is inpressed to plates, ultra-violet rays are
gener ated around hexagonal hol e(610) in a | ar ge anmount, and
ultra-violet rays let 02 be changed 25 into ozone.

22 WO 97/ 24515 _ PCT/ KR96/ 00007
Ozone is generated in a | arge anobunt when thickness of metal is
20pm 30pm capacitor({€10,---,C7G) in case of a thirdly oxder coil

voltage "“OFF".
As modulating a carrier (400KHz) and a signal (50KHz-
100Hz) at a secondly order coil, a transistor outputs
5 spec;aliy high‘voltage without excessive current.

To reverse an output voltege polarity, the connection
of diode(D10,---,D80) is reversed.
As E is a charged voltage across a capacitor(Cs),
discharge voltage (Vo)

10 . C, E C, + G,

Vos—— {1 -ce (t) }
C1+C2 C1+C2Rs

15 ) .
This invention can contain a union unit(790), which

comprises a mechanical-electric filter, to absorb
engine noises and to shield electromagnetic waves to be
radiated from corona discharge process.

20 Namely, this unit is used to meet the regulations of
EMI, EMC specification of this inventive apparatus. By
inserting ferrite cores into metal house and by winding
wire around ferite cores, this unit (700} shields EMI
and EMC.

25 To shield EMI, EMC effectively, a wide range L end C

with resonant frequency is recommended.

As above-mentioned, this invention relates to a method
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The i npedance matching is inportant, since the printed nmetal may be
~separated fromceramc plate, if higher 5 .voltage than 1KV is inpressed
for a | onwa9mmesis Al so the separation of the printed BGEERISOP
ceramc pl ate can be prevented by scratching the ceram c plate.

Such an apparatus has been used for sterilization of 10 food or for
generator of ozone, but it has been never used for elimnating of
snoke. In addition, PN diodes(620) nounted in hexagonal

hol es(610) of plate B(640) cause tenperature dropping 15 by Sellen's

effect to condense H20 into water. Utra-violet rays_are gfnerated in
a | arge amoufif* apparatiis ik, fhesfe §x3u{r SR oa{‘péngf*ﬁfl A(630) and

pl ate 650), .and thi,s ultra-violet rays ,make. oxygen.intg ozone
whi ch render &N%‘(‘SFHPG AT TG ¢ AT SXIRF s | FYOURF LOR GFUEHF n 2Rt er .

rin hi r h fficien vin C o .
I;)u g this B %.qsﬁ)sé’llht%o% eqﬁigmgtha%esrg) on'J II\Ikg(thlS invention

can clean exhaust gas and reduce noise?, it can be
5 substituted for a noise absorber, for example, the

muffler of automobiles.

10

i5

20

25
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wi |l be enhanced by taking air into plates. The net hod of dropping

t enper at’ure by using PN di odes(620) is called as Sellen's effect and
this 25 nmet hod has been used for refrigerator, but has never

23 W 471532515 PEKREGH00D007
been used for elimnating snoke. In the present invention, PN

di odes(620) are connected in serial and parallel to induce Sellen's
effect. 5 The operating voltage is 0.7V. Accordi ngly, the nunber
of diode which is needed, N, is specified as;

what is claimed is:

1. A method for cleaning exhaust gas by using high
voltage field, which comprises:

5 (a) step 1, diffusing exhaust gas at high speed by
using the bottle-necked attractor electrode(120)
and burning up the partitioned large particles
with corona discharge;

(b) step 2, burning minute particles which are not
10 removed through step 1 under plasma atmosphere;
(c) step 3, burning gaseous particles by using AC
voltage and DC voltage}
(d) step 4, réﬁoving noxious gas by using” lots of
negative ions; and
15 (e} step 5, oxidizing NOx with ozone generated by
ultraviolet ray and removing NOx by dissolving in

H,0 generated from heat exchanging method by PN

diodes.

20 2. A method for partitioning exhaust gas by using
high voltage field, which comprises;
(a) ionizing particles and air by using electric
discharge;
(b) diffusing the ionized particles and air to the

25 collector electrode(130) at high speed by using
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DC vol tage(\/) N = 10 0.7V Most of noxi ous

chem cal®* gas in exhaust gases is renmoved in an ionization unit(400)
and a NOx, WRPTHSIY not filtered in an ionization uniRCIT/KR9&086WVed

through 15 a screen unit(600). Therefore, the granular ingredients
and noxi ous chem cal gas of exhaust gases are conpletely purified.

A high voltage generator with a high frequency 20 conprises by a
hi gh frequency oscillator and a high voltage rectifier with

transf or ner. The high vol tage generator with a high frequency of

this invention supply i 1ivel nd negativel ol ari zed hi gh
voltage. 25 A h%l?lg\s;%l %ag%.%%?{é?it%l?t’f‘%c?% ?Jﬁleé'sre’?ﬂder Rt on i s
ghfferent frOnxéhepa§eaki8ﬂfnbnﬂg¥%ﬂgﬁég,twaéré{nh%%all particles

pass through collector electrode(130) and large
particles drop down to deposited in the manhole;

5 and

(d) burning up large particles with electric discharge.

3. A method for burning up particles in exhaust
gas by using high voltage field, characterized in that
10 particles in the plasma state are burned up by using

oscillatory corona discharge;

4. A method for burning up particles as in Claim
. ' ra
3, characterized in that corona discharge is a streamer

15 corona having a large discharging area.

- 5. A method for burning up minute charged
particles in exhaust gas by using high voltage field,
which comprises;

20 (a) burning up charged minute particles by using corona
discharge generated by AC voltage; and
(b) burning again minute particles which are not burned

up in the step(a) by using DC voltage.

25 6. A method for burning up charged particles as in
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a speciqal circuit which needs an isolation strength and a feedback
circuit to shutdown a firstly order coil voltage, .if a secondly order
coi | i sWADTEAR . 5 This high voltage generator shd’\ﬁTW‘%P?ﬁQ (a)
conpri ses atransistor to anplify a nodul ated signal, a thirdly

order coil to induce a high voltage, a secondly order coil to
shutdown a firstly order coil voltage, when second orderly coil does
not work well, a capacitor(C5) 10 to charge voltage, and a voltage
multiplier circuit (D5) to multiply a voltage. A vol t age

mul tipl i er caitiglist (o tigad 4 AR Yoorona JPLLAGEGECEEed T Of the

above-nenti oned units(100,

streamer corona having a large discharging area.

7. A method for neutralizing noxious gas in
5 exhaust gas by using plasma jet which comprises;
(a) generating lots of negative ions; and

{b) decomposing noxious gas by using negative ions.

8. A method for neutralizing noxious gas as in
10 Claim 7, wherein a sharp pointed-end plasma jet

generating negative ions comprises a cylindrical inner

pipe and a cylindrical outer pipe A:iivided by
cylindrical wall. F
15 9. A method for removing NOx in exhaust gas by

using high voltage field, which comprises;

(a) generating ultraviolet rays,

(b) oxidizing NOx with ultraviolet rays; and

(c) dissolving oxidized NOx in H,0 which is generate:by

20 using heat exchanging method of PN diodes.

10. A method for removing NOx as in Claim 9,
wherein a step of generating ultraviolet rays by using
a plurality of multi-holed plates comprises;

25 (a) printing electrode circuit pattern with metal on
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300, 400, 600), wherein E is a charged voltage across 15 a
capacitor(C5), 2E is a charged voltage across a capaci torﬁipCéL(%), 3E
is a char&\_f)@w%ﬁ age across a capacit or (C20), AEPCHERISPNH,, ged
voltage across a capacitor(C30), 5E is a charged voltage across
a capacitor(C40), 6E is a charged voltage across a 20
capacitor(Cs0), 7E is a charged voltage 'across a capaci tor (C60),
8E is a charged voltage across a capaci tor (C70) A ceram c
resistor filter(R100) is used to prevent circuit breakdown, and to
avoi d dangerous si tl 25 which are caused by the remained high

vol t age across CHE ke 25 WO 97/ 24515

PCT/ KR96/ 0000 printing electrode circuit pattern on opposite
electrode in the same way; and
(c) supplying high voltage to each electrode for

5 generating ultraviolet rays

11. A method for removing NOx as in Claim 9
wherein each plate has lots of polygonal holes for
generating ultraviélet ray effectively.

10

12. A method for removing NOx as in Claim 10 or
Claim 11, wherein electrode circuit pattern on the
plate is printed with metal of which thickness is 10um

7
- 50um.
15

13. A method for removing NOx as in Claim 9,
wherein heat exchanging method for condensing H,0 is
induced by arranging PN diodes in serial or in parallel
between plate and plate. |

20
14. A method for removing NOx as in Claim 11,

wherein ultraviolet rays are genei‘ated from hexagonal

holes when supplying power to plates.

25" 15. A method for generating high voltage for
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capacitor (Cl0, .. C70) in case of a thirdly order coil vol t age " OFF".

As: nodw ating a carrier(400KHz) and a signal (50KHz- 100Hz) at a
secondly order coil, a transistor outputs -5 specially high voltage

Wi t hout W09g8431e current . To reverse an out put vol PEFERASO7ty t he
connection of di ode(D10,...,D80) is reversed. As E is a charged
vol tage across a capacitor(C5), di scharge vol tage (Vo) [err]

This invention can contain a union unit(700), which conprises a
mechani cal -electric filter, to absorb engi ne noi ses and to shield
electronagnetic waves to be radi ated from corona di scharge process.
20 Nanely, i unit is used to neet the re uI ti.ons 8fI red EM, EMC
specificati§ =6P19ﬂ|§x?%9§ht9§ﬁ?aﬁﬂﬁﬁ%&Qﬁﬁ is modulated by

10

15

20

25

a carrier

16. A method for generating high voltage as in
Claim 15, wherein a signal is modulated by a carrier of

400KHz-500KHz.

17. Apparatus for cleaning exhaust gas by using
high voltage field, which comprises;

(a) partition unit (100), which takes exhaust gas into
and then diffuses to the collector electrode(130)
where particles are partitioned, and burns up
large particles with corona discharge;,f

(b) plasma unit(200), which burns minute particles
which pass through partition unit(100) by using
sé%amer corona;

(c) electron unit (300), which burns gaseous particles
by using AC voltage and DC voltage

(d) ionization unit (400), wh1ch*remevee—ae*&eesqﬁyi4ﬁh

: s e —awd ultraviolet ray and removes Ng; by
dlssolv1ng in ﬂp generated by temperature
. dropping induced
by PN diodes.

generated by ultraviolet ray and oves NOx by

dissolving in H,0 rated by temperature

dropping induc&d by PN diodes.

32



inserting ferrite cores into netal house and by w nding wire around

feritescores, this unit(700) shields EM and EMC. 25 To shield EM,
EMC ef f ectwiommlzgsisa wi de range L and C wi t h resonant pCramIeDEg7 i S

r ecomrended. . As above-nentioned, this invention relates to a nethod
26 WO 97/ 24515 PCT/ KR96/ 00007

and an apparatus to cl ean exhaust gas of an internal conbusti on

engi ne, an external conbustion engi ne and anti-pollution equipnents
an so on. As this invention can cl ean exhaust gas and reduce noi ses,
It can be

18. Apparatus for cleaning exhaust gas Claim 17,
comprises further union unit (700) in addition to said
units (100, 200, 300, 400, 600), wherein union

unit (700) shields electromagnetic wave and reduces

5 noise.

19. Apparatus for partitioning exhaust gas by
using high voltage field, which comprises;
(a) ionpin{(110) ionizing particles with high voltage to
10 remove particles;
(b) partition unit guide(iGO) to make the smooth flow
of exhaust gas; |
(c) partition unit plate(180) mounted a plyrality of
air iniet holes(150) to make the smo;;h flow of
15 air; |
(d) attractor electrode(120) to supply voltage to the
bottle-necked nozzle where the flow of exhaust gas
accelerates; |
(e) collector electrode(130) filtering particles; and
20 (£) partition unit pole(170) mounted with discharge
electrodes (140, 140) to burn up large particles

dropped in the manhole.

20. Apparatus for partitioning exhaust gas as in

25 Claim 19, wherein nozzle part acts as electrode in
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5 substituted for a noise absorber, for exanple, the muf f | er of
aut onobi | es. 10 15 20

WO 97/24515 PCT/KR96/00007

whole tube. .

21. Apparatus for partitioning exhaust gas as in
" Claim 19, wherein said partition union pole(170) is in

5 the shape of sphere to enhance ignition of particles.

22. Apparatus for burning up particles in exhaust
gas composed of plasma unit (200) which contains a
plurality of plasma unit cells(250), wherein a plasma:
10 unit cell comprises
(a) plasma unit pole(210) to generate streamer corona;
and |

(b) meshed net (211) to act as discharge elecfrode.

15 23. Apparatus for burning up particles as in Claim
22, wherein streamer corona occurs between said plasma

unit pole(210) and said meshed net(211).

24. Apparatus for burning up particle as in Claim
20 22 or Claim 23, said plasma unit pole(210) is formed in
hemisphere which one side is flat to cause streamer

corona.

25. Apparatus for burning up particles as in Claim

25 22 or Claim 23, electron density between plasma poles
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25 27 WD 97/ 24515

what i s*cl ai |.S: 1. A nmethod for cleaning by
usi ng higﬁ”ogﬁgﬁyiltage field, which conprises: 5 (a) st Fm§®$fusing

exhaust gas at high speed by using the bottl e-necked attractor

el ectrode(120) and burning up the partitioned |arge particles
wi t h corona. di scharge; (b) step 2, burning mnute particles which are
not '

is 10% - 10%/cm’.

26. Apparatus for burning up particle as in Claim
22, or Claim 23, the number of oscillation across

5 plasma poles is 10MHz.

27. Apparatus for burning up charged particles
composed of electron unit(300) which contains a
plurality of sets, wherein one set comprises
10 (a) ionpin plate(320) héving'air'inlet holg(lSO) having
mounted with ionpins(110) to generate electric
wind;
(b} hole plate(310) having air inlet hole (150) mounted
with meshed net(211) which ‘acts ég opposite
15 electrode; and
(c) pole plate(350) mounted with plasma unit poles(210)

generating streamer corona

28. Apparatus for burning up charged particles as
20 in Claim 27, wherein said ion pin plate(320) is as
‘matrix structure which comprises;
(a) ion pin(110) to generate electric wind; and

(b) air inlet hole(150) for smooth air flow.

25 29. Apparatus for burning up charged particles as
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10 renoved through step 1 under plasnma at nosphere; (c) step 3,

bur ni ng- gaseous particles by using AC vol tage and DC vol t age;

(d) step 4, renoving noxious gas by using lots of negative ions;
and 15 WORR4¥ep 5, oxidizing NOx with ozone gener at ed By KRI8/00007
ultraviolet ray and renoving NOx by dissolving in H20 gener at ed
from heat exchangi ng net hod by PN di odes. 20 2. A net hod
for partitioning exhaust gas by using hi gh voltage field, which
conpri ses; (a) ionizing particles and air by using electric

di schar ge; (b) diffusing the ionized particles and air to the 25

collector eifelenod®( 129) 8LiB' WIPPFLAY(#0/Mdis formeds wicn a
number of air inlet holes(150) in which have meshed

net for smooth air fliow.

5 30. Apparatus for neutralizing noxious gas in
exhaust gas composed of ionization unit, which
comprises ionization unit <cells{405) generating
negative ions and ultraviolet rays by plasma jet formed
as cylindrical outer pipe(420) and cylindrical inner

10 pipe(410) with a sharp pointed-end.

31. Apparatus for neutralizing noxious gas as in
Claim 30, said ionization unit (400) comprises;
(a) cell plate{409) mounted ionization cell(405) as
15 matrix form; and
(b) hole plate(310) having air inlet hole(150) in which

meshed net is cross-sectionally mounted.

32. Apparatus for removing NOx, wherein plate

20 B(640) arranged with PN diodes(620) to drop temperature

are mounted betweenkpﬂ5wﬁ>A4630+—aad~§4a;e_c4£5&L.

33. Apparatus for removing NOx as in Claim 32,
first plate (601) second plate (603)
wherein saidpplate A+634) andjplate €4+&509 used.as an

25 electrode have a lot of hexagonal holes(610).
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WD 97/ 24515 PCT/ KR96/ 00007 t he

bottl| e-necked attractor el ectrode(120); (c) partitionin articles,
wher ei n snEPP7R4Bi cl es pass through col | ector e?@@%ﬁSQQWTBO) and
| ar ge particles drop down to deposited in the nmanhole; 5

and (d) burning up large particles with electric discharge.

3. A nethod for burning up particles in exhaust gas by using high
voltage field, characterized in that 10 particles in the plasma state
are burned up by using oscillatory corona discharge; - 4,

A nmet hod for burnigq u al i.cles [ ai.m 3,.characterjized in
that corona di scharge i aréf%ganeri.g%AQVlng NOx as 1n:8{alm 55’
wherein said PN diodes(620) are connected in a serial

~or parallel to induce temperaﬁure dropping called as
Sellen's effect
: high-frequency
35. Apparatus for generating I\high voltage to
supply high voltage to said partition unit (100}, plasma
unit (200), electron unit (300), ionization unit (400) and
screen unit (600)
10 (a) transistor(TR) to amplify signal;
(b) a firstly order coil supplied with high voltage;
(c) a thirdly order coil generating high voltage
according to turn ratio;
(d) ceramic resistant filter(R100) to di:;harge the
15 remained voltage at a thirdly order coil when the
switch is off. |
(e) feedback circuit connecting a secondly order coil

and the base of transistor.

20 36. Apparatus for generating high voltage as in
Claim 35, wherein said high voltage generator comprises
further voltage multiplier circuit(D5) to multiply a
thirdly order voltage and capacitor(C5) to charge a
thirdly order voltage

25
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15 corona having a | arge discharging area. 5. A nethod for

bukni ng* up m nute charged particles in exhaust gas by using high
voltage field, whi ch conprises; 20 (a) burning up charged m nute
particl e¥O¥y.2¢488ng corona di schar ge gener at edPEY/KRESNNT age; and
(b) burning again mnute particles which are not burned up in
the step(a) by using DC voltage. 25 6. A nethod for burning up
charged particles as in 29 WO

97/ 24515 PCT/ KR96/ 00007 Cl aim

5, characterized in that corona discharge is a

37. Apparatus for removing noisé and
electromagnetic wave composed of union unit(700),
wherein the outer part is formed as ferrite core for
shielding electromagnetic wave and electric field in

S the air.

38. Apparatus’ for removing noise and
electromagnetic wave as in Claim 37, wherein said
ferrite core is connected in 2 stages serially, the

10 first stage is operated in positive magnetic field and
the second stage is operated in negative magnetic

field.

s
e

39. Apparatus for absorbing noise by using high voltage

15 field, which comprises;

(a) partition unit (100), which takes exhaust gas into
and then diffuses to the collector electrode (130)
where particles are partitioned, and burns up
large particles with corona discharge;

20 (b) plasma unit(200), which burns minute particles
which pass throﬁgh partition unit (100) by using
steamer corona;

(c) electron unit(300), which burns gaseous particles
by using AC voltage and DC voltage

25 (d) ionization unit (400), which removes noxious gas by
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streaner corona having a | arge di scharging area. 7. A net hod
for neutralizing noxious gas in 5  exhaust gas by using plasnma jet which
conpri sesWO9724515( a) generating | ots of negative ions; an®@CIKRI6/0009Y

deconposi ng noxi ous gas by using negative ions. 8. A net hod
for neutralizing noxious gas as in 10 Caim 7, wherein a sharp

poi nted-end plasna jet generating negative ions conprises a
cylindrical inner ‘pi pe and a cylindrical outer pipe divided by
cylindrical wall. 15 ' 9. A nethod for renoving NOx in exhaust gas
by usi ng high,..vol tage field, which _ conprises; (a) generating
ui traviol et rays, tbiny "F%?':&edrl?Pﬁd RB2 with ultraviol et rays: and

(c) diSSO|ViW%aoé%%%%%goggiaﬁﬁ?gggswgkgﬁ G%fﬁ?ygguﬁbewigg ozone using

heat exchangi

generated by ultraviolet ray and removes NOx by
dissolving in H,0 generated by temperature

5 - dropping induced by PN diodes.
(£) union unit {700) which shields electromagnetic waves

and reduces noise.

10

15

20

25
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10. A nethod for renmoving NOx as in Claim9, wherein a step of

generatirng ultravi ol et rays by using a plurality of multi-holed

pl ates con¥Q¥&4515 o5 (a) printing electrode circuit pafCefROMOIN net al

on 30 WD 97/ 24515

PCT/ KR96/ 00007 t he pl at g; ' (b) printi ngct rode

circuit pattern on opposite | gct pode i n t hesSanpd/dpx. and

(c) supplying high voltage to each el eclfgﬁ’{i@for 5 ,\/{'41/4,///\ i ng

ultraviolet rays 11. A nmethod for @enovi\ng \g’}.l n daimo9
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‘wherein each pl ate has | ots of polygonal holes for generati ng

ultraviolet ray effectively. 10 12. A method for renoving NOx as .
in O ai m WP HH24515 C aim 11, wherein el ectrode circuit DSEVERN6QOWYA t he
plate is printed with netal of which thickness is 10pm - 50m 15

13. A nmethod for renpving NOx as in Caim?9, wherei n heat exchangi ng
met hod for condensing H20 i s . |ngyced by arranglng PN di odes in serial
or in parallel bet ween pl ate an 14. A et hod
for renmoving NOx as in Caiml1l, mhereln uItravioIet rays are

gener ated from hexagonal hol es when suppl ying power to plates. 25
15 A nethod for generating high voltage for -

TFig. 2(a)
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Fig. 2(b)




31 W0 592494515 PCT/ KR96/ 00007 cl eani ng

exhaust *gas, wherein a signal is nodulated by a carrier
16. A nethod for generating high voltage as in 5 C ai RET/KRogiagei N a
signal is nodulated by a carrier of 400KHz- 500KHz. 17.
Apparatus for cleaning exhaust g y asj.ng hi gh voltage field, which
conprises; 10 (a) partitiondnit O%Wbi ch takes exhaust gas into
and then diffuses to the col L&ctor e\\ectrode(130) where
particles are partitioned, p
_ o
S S © ‘
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| arge- particles with corona discharge; (b) plasma unit(200), which

burns m*nute particles 15 whi ch pass through partition unit(100) by
usi ng st eamer corona; (c)eelectron unit(300), which burns
gaseous particles by using AZ’vdl t age and DC vol t age (d)

Il oni zation unit(400), which renoves ngXious\ gas by 20 usi ng negative
i ons; and (e) screen unit(600), oxi di zes NOx with ozore
generated by ultraviolet ray and r by di ssol ing in

H err] O generated by tenperature roppi ng i nduced by PN di odes.
25 , 97/ 24515

PCT/ KR96/ 00007

0

190

Fig. 3(b)
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18. Apparatus for cleaning exhaust gas C aim 17, conprises further

union unit(700) in addition to said units (100, 200, 300, 400, 600),
wher ei n uMW®$7/24515 ynit(700) shields el ectromagnetic waPETHRPOOMIICes 5
noi se. 19. Apparatus for partitioning exhaust gas by

usi ng high voltage field, which co | ses; (a) ionpin(ll0) ionizing
particles with high voltage to 10 A:/ [ﬁm)ve particles; (b)
partition unit gui de(160) to.nake the nﬂ% flow of exhaust
gas; (c) partition unit plate(180) nmounted a plurality of

air inlet holes(150) to nmake the snooth flow of 15 air; (d)
attractor electrode(120) to supply voltage to the . bott| e- necked

nozzl e where the fl ow of exhaust gas

outlet

inlet



accel erates; (e) collector electrode(130) filtering particles; and
20. (fy) partition unit pole(170) nmounted with discharge

el ect r odeswI@451440) to burn up large particles PCTERIUPO i n t he
manhol e. 20. Apparatus for partitioning exhaust gas as in 25
Claim 19, wherein nozzle part acts as electrode in _

33 WD 97/ 24515 zagT KR96/ 00007 whol e t ube.
21. Apparatus for partitioning exhaust }8“@5 in Claim 19, wherein

said partition union pole(170) is in

*y .

electrical figure

Fig. 4(b)
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5 t he shape of sphere to enhance ignition of particles. 22.

Apparatu$ for burning up particles in exhaust gas conposed of pl asna
uni t (200) which contains a plurality of plasma unit cells(250),
wherein a plasma 10 unit- cell conprises (a) plasma unit pol e(210)
to generate streaner corona, and (b) meshed net(211) to
act as discharge el ectrode. 15 23. Apparatus for burning up
particles as in Claim 22, wherein streamer corona occurs between said
pl asma unit pol e(210) and said nmeshed net(211). 24.
Apparatus for burning up particle as in Caim 20 22 or Claim?23, said

pl asma unit pole(210) is formed in hem sphere which .one side is flat
to cause streaner corona. :

255
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25. Apparatus for burning up particles as in daim 25

el ect r o'WQ&HISEY
MO 97/ 24515

bet ween pl asma pol es

- is 10[err] - 10[err]/cnB.
particle as in Caim 22, or
across 5 pl asma poles is 10MHz.

up charged particles

plurality of sets, wherein one §&

A\

DN
2020 0%
9N
¥ 900990
y 002090
raseete
"R A Ay
y89999%
R AR

J\d
e
[

o X
23

k‘.

/]%fé t he

conposed @

R
KRRk
'S0 V%
N

22 or Claim 23,
PCT/KR96/00007 34
PCT/ KR96/ 00007
26. Apparatus for burning up
nunber of oscillation
27. Apparatus for burning

flow

t gas
flow

exhaus

0
2



10 (a) ionpin plate(320) having air inlet hole(150) having

nmounted- wth ionpins(110) to generate electric w nd; (b)
hol e pl at e¢@#fA4sisavi ng air inlet hol e(150) nounted PCT/KRISH0PW7 neshed
net (211) which.acts as opposite 15 el ectrode; and (c) pole
pl ate (350) mounted with plasma unit poles (210) generati ng
streaner corona 28. Apfhr s for burning up charged particles
as 20 in Caim27, wherein said ion )ﬁlglate(SZO) is as mat ri x
structure which conprises; (a) ion pin(ll0) to generate electric
wi nd; and (b) air i nl et hol e(150) Eo oth air flow 25
29. Apparatus for burning up cha q_(gpar (t)esim
35

T

electrode

R3




in Cdaim27, said hole plate(310) is forned. with a nunber of air -

inl €t hol’es(150) in which have neshed net for smooth air flow 5
30. Appar aM@9F¥#plheut ral i zi ng noxi ous gas in exhauspcgrRoggapgrosed of
ionization unit, which conprises ionization wunit cells(405)
generati ng negative ions and ulfy aviolet rays by plasm jet forned

as cylindrical outer pipe(420) and CJL{( rical inner 10 pi pe(410) with a
shar p poi nt ed- end. 31. Ap détls for neutral i zing noxi ous gas
as in Claim 30, said ionization unit(400) conprises; (a) cell

pl at e(409) nounted ionization cell (405) as

Fig. 5(d)
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15 matrix form and (b) hole plate(310) having air inlet

hol €(150) in which meshed net is cross-sectionally nounted.

32. Appar aMR%%4f15 enovi ng NOx, wherein plate 20  B(640)F g¥97wi t h PN

di odes(620) to drop tenperature are nmount ed between plate A(630) and

pl ate C(650). 33. Appargtus for renoving NOx as in Cairm 32,

wherein said plate A(630) and plate @(@%(@ed as an 25 el ectrode have
36 WO

a | ot of hexagonal hol es(610).
97/ 24515 -
34. Apparatus for renoving NOx as in Caim 32,

PCT/ KR96/ 00007

409

420

410

405

Fig. 7




wherein said PN di odes(620) are connected in a seri al or parallel to

I nduce.tenperature dropping called as Sellen's effect 5

35. Apparatus for generating high voltage to supply high voltage to
said partition unit-(100), plasma unit (200), electron unit (300),

I onization unit (400) and screen unit(600) 10 (a) transistor (TR
to anplify signal; (b) a firstly order coil supplied wth high

vol t age; (c) athirdly order coil generating high voltage

according to turn ratio; (d) ceramc resistant filter(RL00) to

di scharge the 15 reggrggggvolgiPe at a thirdly order coil when the
switch is off. -+ (e) feetb cir t connecting a skcondly order coi
and the base of transistor. 20 36. Apparatus for generating high
voltage as in

f

SCREEN

610
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Cl aim 35, wherein said high voltage generator conprises further

vol.tage-nmultiplier circuit(D5) to multiply.a thirdly order voltage
and capacW®PYHEL t o charge a thirdly order vol t agefCTAGRI6/00007

37 WO 97/ 24515 : _ PCT/ KR96/ 00007 37.

Appar at us for removi ng noi se el ectromagnetic wave .
conposed of union unit(700), e outer part is forned as
ferrite core for shi el ding el ectrcgr%{étl c wave and electric field in

5 the air.

Fig. 9(a)
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38. Apparatué for renoving noise and el ectromagneti c wave

as:in Ckaim37, wherein said ferrite core is connected in 2 stages
serially, WO72495 first stage is operated in positive nRGEERIGOWNIE| d and
the second stage is operated in negat magneti c field. 39.
Appar atus for absorbing noi se by usingéhlgh voltage 15 field, which
conpri ses; (a) partition unit(1l i ch takes exhaust gas into

and then diffuses to the collector elect (130) wher e
particles are partitioned, and burns up | arge particles with

corona di scharge; 20 (b) plasma unit(200), which burns mnute particles
whi ch pass through partition unit(100)_hy using + Steaner corona;
(c¢) electron unit(300), which burns_gaseous pprticles by usi ng
AC vol tage and DC voltage 25 (d) i¢nizatioh urfi t (400), which renoves

noxi ous gas by
(HA
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38 WO 97/ 24515 PCT/ KR96/ 00007 , usi ng negative
i ons; and (e) screen unit(600), which oxidizes NOx with ozone
generated by ultraviolet ray and removes NOx by di ssolving in H20

generated by tenperature 5 dr oppi ng i nduced by PN di odes. ()

uni on unit(700) which shields el ectromagnetic waves and reduces
noi se. 10 '

Fig. 10
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