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METHOD AND APPARATUS FOR CLEANI NG HARMFUL GAS BY | RRADI ATI ON

W TH GAS LASER AND RON BEAMS Q§$§S§N THE
| NVENTI ON Numﬁhg present invention relates to a nethod a ppar tus

for cleaning wast e gas generated from power generating machi nes,

gi ndustrial faciliti mmbﬁchﬁgrﬁ%mgt forR TEANTRGCHARMFUP A4 cularly to a
nmet hod and apparatus for reducing harnful I ngredi ents contained in the
‘wast e gas by di ssOBY atRRADIATTION] AITHOEAS]IIASER AYD | ERECIRON BEAMEt h gas | aser
and el ectron beans t her et o. Korean Patent Application

Lai d- Open No. 96-21112 di scl oses a conventional nethod and apparat us
for treating waste gas by irradiation with el ectron beans. According
ito this method and 15 appar BREKCROMEL QF THE HAEIION the waste gas mainly

‘contai ni ng :’e%e%' e éf?&‘cln %l'ytter 1¥80a Oéétﬁ?oci '\QQ ’ap%%‘}ﬁ%ﬁgn the

‘sul furic oxide an trogen oxi de are 0 anmoni e and
ammoni um ni tf@fecméahﬁ.hgdlﬁ:&é@é' ojasel @@héi@é}u&farﬁ-em po&&erej&zer@elhgat the
charnful ingredients, i.e., SO d NOX, 20 are elimnated fromthe exhaust
gas. | n suchmachietelsodinduagrial fanmn1Muasga£ndxMEnatonsnaet¢m}tdma maraf ul

I ngredi ents, however, the anmmonia gas is apt to be exhausted together
with the  pazbisaderlyasoundarethnd ﬁ@énﬁpéﬁéa*%%cﬁ%rr«%ﬁqu harmfu

b d bed t E h hod, .and t h
[Problems 25UH=SEREE] LA Pas dBarSeo “aSkAr SPfe Torc IHERSG ANADRRS. w t h

the Wast go0amndiRhledbylaeues: A 1Ml 0Bl 18ber 4 &f@aaon beahBl O the

wast e gas. U. S. “ Pat ent oses a nethod an
apparatus thereto.

Korean Patent Application Laid-Open No. $6-21112 discloses

a conventional method and apparatus for treating waste gas by

\ irradiation with electron beams. According to this method and

15 apparatus, ammonia is added to the waste gas mainly containing
sulfuric oxide (SOx) or nitrogen oxide (NOx), and then the
sulfuric oxide and nitrogen oxide are changed to ammonium
sulfate and ammonium nitrate by irradiation of electron beams
thereto, so that the harmful ingredients, i.e., SOx and NOx,

20 are eliminated from the exhaust gas. In such a method using
ammonia gas for eliminating the harmful ingredients, however,
the ammonia gas is apt to be exhausted together with the
exhaust gas under an incomplete reaction of the above-described
ingredients. Further, this method and apparatus has problems

25 of necessitating a separate apparatus for mixing ammonia with
the waste gas as well as uneven irradiation of electron beams
into the waste gas.

U.S. Patent No. 4,915,916 discloses a method and apparatus
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treating waste gas by irradiation wth el ectron beans W t hout using
anmoni a. Accor dgR4ehdsd hi s nethod and appar at us, a part ebrikhResmest e
gas to be treated Is Irradiated with el ectron beans to formactive

species such.as [Q and OH 5 radicals, and the waste gas having the active
species i s for Oinparised wadie agds nbyed riratidatben r efreh niedlgctest ebgasst 0
change NOx and SOx in the waste gas into the formof a m st or dust by
the action ofitheutaesing aspovias. ATsording ter thigtmgthodhapd appagapeéred by

a dust collector. However, this nethod and 10 apparatus .has prob] ens
such as a | Gv B#¥% cPEn\gF;eofwaé’ltiemﬂ?zfti% be tlrﬁatﬁgrE?ullrfﬁaf‘@'f:ﬁ"gn?'%{%nd a

large size o) JRGAPRALALISS! AGS acedVI® SIAAOLREATD T[S a4 o0gyredi on
i s separ at ecFlfer omthe reaction tegion. e conventi ona]f[
appar at uses i JBLhodsd Ofhd I @abEL0 gakd HarmgUl tigASadt i ebpssia beans as
descri bed above al so have drawbacks such that the el ectron beam
i rradi ati on diagersedofsto andmixedvdarot tice arimaieipatvaste ghe twashengas, and
a low density of electron beans results in a | ow speed and efficiency
. of el i niNGx eAg B0 IHatheurashr)oegi énte theform of a mist or dust kypnpRY
: OF THE | NVENTI ON . , n object of the present .invention is t rovi de
a nethod i (fciﬁﬁéf‘r &fu§ﬁFoFctH§3n?3%c’fﬁﬁ'nf (Sﬁ’e_g Shhic&h RS éscgﬁg%ct
si ze a“dca{yt%'}eaf el ancYudy deiiddidg one HRgheR, f Uniot fedhdfSahaser
. and el ectron Beamirrddi ation region, and an exhaust gas 25 reaction
i region, agd dpgaiatust hgs ReRA%inky s@th ass @apasatef ficiencpt ef nedirvdhetimgeri al
isuch as amoni um Anot her object of the present invention is to
tprovide a therbenoBulridansddeatasridr taxgmisigenek rihel apparajfusy shngh
2 the electron beam irradiation region is separated from the

reaction region.
! The conventional apparatuses and methods for treating

15 harmful gas with electron beams as described above also have

o

drawbacks such that the electron beam irradiation region does
not cover the entire path of the waste gas, and a low density
of electron beams results in a low speed and efficiency of
eliminating the harmful ingredients.
20 SUMMARY OF THE INVENTION
An object of the present invention is to provide a method

and apparatus for cleaning harmful gas which has a compact size

e

and high efficiency by defining one region for both a gas laser

and electron beam irradiation region, and an exhaust gas

25 reaction region, and without the necessity of a separate
intermediate material such as ammonium.

Another object of the present invention is to provide a

method and apparatus for cleaning harmful gas of a high
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trgatren% effLC|ency and ﬁpeed by irradiating high-density gas | aser
-and el ectron _beans ughout the path of the harnful a

StlLI anot her dﬁ?g%%J%% the present inventionis to 5 progl e gmﬁggﬁgh and
‘apparatus for.generating a high-frequency and high vol tage signal which
| can prOducetQ@§t{n§ﬁ€re§f'9c1enc Eﬁ@télﬂibci)MrE%f&fﬁibnﬁléw—dé}ﬁsﬁO\gas
.objects In one aspect of the present invention, there is provided
an appar at ug aket reduclegthannbebms nghedugintet itheggmtby of1@hier hagimduilng t he
gas with an el ectron beam -the apparatus conprising a voltage
rgenerating @mst- adapted to generate a hi gh- frequency and hi gh vol t age

;Signal, and a react n uni coupl ed t t he volt r.ati u |t to
;reclel \d/e the hi gh® IHR E?‘E:tf&ﬁ’r'cy 13;\3rfEfR"n gh 5’Iet FFEEH gnall % %ea |gn uni t
i1 ncl udi n C | lon

t he % %Dfsrc%gdgf gtrhé%&;%%?oﬁggggﬁéo%@gﬁ%%ﬁﬁ n&?/glqhy of di sgﬁargg
jcells for e%‘iﬁ ORESh NErolttBgedi SKARNIEWEEEN S chAi Iyodusposae t baser ahdce the
gcorrespondlng opening for generation of the el ectron beam

g t her ebet weerleicieroneheams beontmmitrige tdi sbhaalg@m:@Istcnﬁd 20 the openi n‘gs
defining a reaction region through which the g

B! IpreLerred enbodPnERe 2FPTHe °§r §érﬁr?9rﬁf$ntlp8ﬁnt’c% tkeree’r%cﬁ’?"é’r’rdﬁgam
jpol e has an annul ar_s nd th enl [,0 t

fannul ar wal 1*%of a?ﬁar%?‘é% T bES 9u§5 1Fﬁre%% ar ge (L:]%% B re
stacked and ral%%l:l.hgh%éingﬁlae%ﬂ:?idean eleEtPorpObéézhﬁg theWadgbdra®us
;correspondlng openi n he preferred enbodi mrent of the present
Jinvention, tdymprlslngleﬁtfélt&§§ﬂg¢nﬂnadﬁmgenmunnm@hpteéhapeseandathea

jopeni ngs are
: high-frequency and high voltage signal, and a reaction unit

P

4 coupled to the voltage generating unit to receive the high-

frequency and high voltage signal, the reaction unit including

l 15 an electron beam pole having a plurality of openings along the
surface of the electron beam pole, and a plurality of discharge
cells for each opening, the discharge cells being disposed to
face the corresponding opening for generation of the electron
beam therebetween, the region between the discharge cells and

20 the openings defining a reaction region through which the gas
travels.

In a preferred embodiment of the present invention, the
electron beam pole has an annular shape and the openings are
formed around the annular wall of the electron beam pole, and

25 the discharge cells are stacked and each cell has an electrode
tip pointing toward the corresponding opening.

In the preferred embodiment of the present invention, the

electron beam pole has an annular shape, and the openings are
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el ongated and disposed at a predeterm ned angle wth respect to t he
{radial axis of Hbaoséestron beam pole, and the discharge ESInkios 6292
jstacked and aligned along the correspondi ng el ongat ed openi ng, and each
tcell has an electrode tip pointing toward the 5 correspondi ng el ongated

1 openi ng. elongateclr ehédrdilEppsedaat aipseliatgemizedd angle heitdt aekpectitschar ge
icells for each opening is radially offset fromthe adjacent di scharge

cell by a preeefrafialaggrie pf the pingerdt bsias ppleo 20fekpe. discharge
:According to the preferred enbqdinent,. an _ener wer S | t

i coupl ed '? 0 tﬁ%lgfﬁg%tabcz??éf ﬁPgra%ﬁ%gT?ﬁ%gﬂ%gﬁg reSpl?rﬂ]#ntgogg%b%ﬁty%rat he
hi gh-T reque“&ée&ﬂﬁjhhﬂa iU 2841 hABn EPectroddIe B! SOAAMDEAMPE! the e
ener gy power supp unit 1 ncluding a central frame secured to the

el ectron peagpPdshondiBgdSelongats@l Wikthing.t he plurality of discharge cells

'and surrounding the 15 central frane, and a coupling nenber coupling the

central frane Pretfferahdycasach dimcleggel cayl nehitdie céagkededi schanae al

shaft secured to the el ectron beam pole, a gai r {g_)f reinforcing shafts
eBest £ H

transver sel yakktir &F (R PBotIPBHAG dfs (IR i@dAYr RELeRhs From the agyagenti 1y of
i nsul ator term nals att ed to b . en t 0 ' Gl wafts
and havi ng o%%%‘fﬂ‘as’{?ref %ggrbsyec?u?gag%gn?%cgsan%&e %gstél,% an S%rr};%r?gr gg i nput
ftermnal, attachegda@RgexbePdl prefertdhl @7Bo@inddte, CascCehdraln pdwad ated
state and connected to the céntral shaft in a conductive state, for
suppl yi ngot heupplgh-unit cofipkadens ytlmnddlicahevobtewpr i gmadl theoneadtsiorol t age
igeneration 25 wunit to the electron beam pole. _ Preferahly, the
appar atus f ornitt eeiwpPAaT el hgab- frequerdbrdlih $i68 VRETAPRsEHINA VNt on
my further oM n beam $UIY, 2288 %l OREY M1y UnyRURRLYEhg

conpr essed

a central frame secured to the electron beam pole, a case
secured to the plurality of discharge cells and surrounding the
15 central frame, and a coupling member coupling the central frame
to the case. The coupling member comprises a central shaft
secured to the electron beam pole, a pair of reinforcing shafts
transversely secured to both ends of the central shaft, a
plurality of insulator terminals attached to both ends of the
20 reinforcing shafts and having outer surfaces secured to the
case, and an energy input terminal, attached to an external
surface of the case in an insulated state and connected to the
central shaft in a conductive state, for supplying the high-
frequency and high voltage signal from the voltage generation

25 unit to the electron beam pole.
bPreferably, the apparatus for cleaning harmful gas
according to fhe present invention may further comprise a

compresséénair supply unit for supplying compressed air to the
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regi on. I n anot her aspect of the present invention, there is provided
a harnful gas ﬁp!? met hod for reducing har nf ul i ngreq] ' ste
gas by irradi atc‘{"(g #h an el ectron beam the nethod COWI?F?Q%I%B&@%%\B

steps of converting an 5 AC supply voltage to a high DC voltage, an

osci |l ating dga@Bion regfdrequenay fMhetOhspaa: sednad praBdnd fHwhehibgguency
hi gh vol tage ring waveform signal, conbining the high DC voltage,

t he osci | | attihegehiighptoeidehcy tamifulobtagelsagivad , meltttbd Hiwr reducing
hi gh-frequency high voltage ring waveformsignal to produce a 10 final
signal of hingFMERdqUsERIARALRI gin vURPEGe FaFenbY atinfpddation ofigdir R beam

by applying the final sigpal across a beam po and .di scharge cells,
o Tt A aeAEEERE Bnalt FBR TR GaPRE et iRt ert &R Phr bugh
a reacti Qi fy : naea n e t he

i Schar ge ol § BetE VERtacY 0% nighDRTIRHIGER S e SRR

The above olreghencet hEhf eedliRfe aBdgrslvantagesa ohighefrequei@sentigh

i nvention will beconme nore apparent by describing the preferred

enbodi nment s veitegeofingi wave fagfrerssignal , t oombiming thec duigha®d vpldregei ngs,
in which: 20 FIG 1 is a perspective view illustrating an external
confi gur at i dheofoschélAbind ubighstraBeR g héﬁﬁaﬁ’&@ﬁéggcééﬁai’gg and thean

T ust rati ngugparPossn &5k Vphaer gring eveBeth, &L SETamBen font
gr etci‘foﬁitﬁzg‘%halzéi ;rgﬁgﬁg;i H@ghl-frequenc Fhil Bidis v%lﬁﬁgép%éﬁé&eat‘iixﬁv"aﬁf the
: ( ge Ce according to an enbodi nent of thé present
I nvention. electron beam by applying the final s®gnal across a beam pole
and discharge cells, and irradiating the electron beam against
the waste gas passing through a reaction region defined by the
area between the beam pocle and the discharge cells.
15 BRIEF DESCRIPTION OF THE DRAWINGS
The above objects, other features and advantages of the
present invention will become more apparent by describing the
preferred embodiments thereof with reference to the
accompanying drawings, in which:
20 FIG. 1 is a perspective view illustrating an external
configuration of the harmful gas cleaning apparatus according
to an embodiment of the present invention.
FIG. 2 is a perspective view illustrating a part of the
reaction unit according to an embodiment of the present
25 invention,
FIG. 3 1is a perspective view of the electron beam

discharge cell according to an embodiment of the present

invention.
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FIG 4a is atop plan viewillustrating the el ectron beam di schar ge

ells in a lamnpated or stacked state according to an en} ' t he
resent inventi &rf 0006283 FIG 4b is a side view of FIG 4 %qJ‘IE%‘a;OOZ%

IG 5 is a perspective viewillustrating the electron beam pol e

faccording to an empdigEnt 8ftd@1RHEFEE #11NVRRLAOIhg the electFBbdan S @
ircuit diagram of the high-frequency and high vol t age generation unit

laccor di ng t odascleatipdicedds Di d heminatgal esestackedeataton acebiding tdlads. 7a
and 7b are waveform di agrams of the high- frequency and hi gh vol tage
ul timtely oewpedinsnt cdmthrephegpgnt inventéguency and hi gh vol t age

generation unit rding to an . enbqodi_gent , of the present invention.

|G 8 is a wavef c% (ﬁbagwsaﬁh §19¢ ne-9% P%t %Eggh'if)c vol tage 15 generated

romthe Righ-fr n d_ hj age eratl : ' g to
n enbodi %ent of the gér/eg%n? F%\Ese%%%%% e l%&hg{g%ftagld{?ﬁzf \;\a%ve t%lron@%

i agram of t Beak g abicahai Ag Gt BaYembod Bitshth b8 e Mo Ipbragen g et taib.r om
he hi gh-frequency and hi gh vol tage generation unit according to an

ienbodi nent of theFIR06pissertircniertiagmam of the high-Greffiensyaand@vsfalr m
i agram of the_ third high-frequency and hi gh vol tgge generated fromthe

hi gh- f r equen¥9lEaRP hegReraticn| e FLFRFUNDNEUNFE SEEORHISRF t BEafhe
Errbodi ment of t ent invention. 25 FIG 11 is a waveform

he . ._.pr
i agram of tﬁﬁe%?rb%-ﬂ‘%(ﬁ’%éﬁ?y and hi gh vol tage outputted from the
hi gh-fregyency angirdd gh7y0ldR0e7r ar@ENRRRIARM Widgr8mgOrdH ngnt o rakpl-her

nbodi ment of the present i nventi on. WD 00/ 06289
PCT/ KR98/ 002fZequency and high voltage ultimately outputted from the high-
frequency and high voltage generation unit according to an
embodiment of the present invention.

FIG. 8 is a waveform diagram of the first high DC voltage

15 generated from the high-frequency and high voltage generation
unit according to an embodiment of the present invention.

FIG. 9 is a waveform diagram of the second high-frequency
and high voltage generated from the high-frequency and high
voltage generation unit according to an embodiment of the

20 present invention.

FIG. 10 is a waveform diagram of the third high-frequency
and high voltage generated from the high-frequency and high
voltage generation unit according to an embodiment of the
present invention.

25 FIG. 11 is a waveform diagram of the high-frequency and
high voltage outputted from the high-frequency and high voltage

generation unit according to another embodiment of the present

invention.




FI Gs. 12a and 12b are waveform di agrans of the high- frequency and hi gh

vol tage outputted froma conventional high- frequency and hi gh vol tage
generati.on unjt, FIG 13 is a perspective view of th fower
supply 5 unit%@@?ﬁ?ng to an enbodi ment of the present inven |o%@62

FIG 14 is a perspective view of the energy power supply unit with a

part of its case g 0ff28c800d1h0E @ edRRREFRS TR Rgrams Ot RthePr BEGHM
i nventi on. FIG 15 is a perspective view of the energy supply 10

term nal acc@rdinendyo aad Bidgiodialrrigeobutpet prd fenm & mamengdonal high- FI G
16 is a perspective view of the electrodes of the el ectron beam

di schar ge cefreqwerry ad baghi voltrge IgmegREion URttect ron beam pole in an
operation state agcording to the present ipvention. 1 Fl 17 is
S partially sect BHe W1 dn A pecerens iy TEov o TR Plrout Brasr areety

react|on Wl 5 2ell by LB HPAMoRin of! PHETRIMLAOLLVEREI0h. L he
energy power supply unit “according to t he present 1nvention.

FIG 18 is an equpmgl anf i@l aCpeispbadirvamakwt B8 cheanerny poOwbeasuppBehar ge
cells according to the present invention. FIG 19 is a perspective
%iEew of an i noinerittor part dfnébspase cng-ofie dnaordinggte agl emhpagment

pparatus according to . the present invention. DETAI LED

SCRI PTI ON ©f $hE PRECPRREDVERBEPR VENT 25 The harnful gas cleaning

appar at us accor di to.Lhe preferr ' t e
nvention will be expl %ut‘;nel a F{ﬁﬁﬁ?ef’gggggﬁ}é%% hgkgcr(;eg‘rﬁr)ygﬁf/i %%pply
gr awm ngs.; o termv\%)n%%%g%?éi%ﬁl ta8n AR HiREnRPBAr ehel praceatdiAgehoibhie
PCT/ KRO8/ 00272 rIG. 16 is a perspective view of the electrodes of the

i electron beam discharge cells and the reaction hole of the

| electron beam pole in an operation state according to the
present invention.

15 FIG. 17 is a partially sectional view illustrating a
plurality of laminated reaction units secured to the upper and
lower end portions of the energy power supply unit according to
the present invention.

FIG. 18 is an equivalent circuit diagram of the electron

20 beam discharge cells according to the present invention.

FIG. 19 is a perspective view of an incinerator
incorporating the harmful gas cleaning apparatus according to
the present invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

25 The harmful gas cleaning apparatus according to the
preferred embodiment of the present invention will be explained
with reference to the accompanying drawings.

The harmful gas cleaning apparatus according to the
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ipresent invention includes a high-frequency and hi gh voltage generating
unit (See FIG 6) for generating a continuous high- frequency and high
vol t'age- si gnal , ' | s required for generating gas |as ctron
beans, using cdﬁ#@?@?ﬁ% AC 5 power, a reaction unit (See F?Egiﬂ%m@gES)
for generating and irradiating the gas |aser and electron beans to
harnf ul gas present icseseianchaolddds reatighoireguéde, ardrfnighgasltagd an
ener gy power supply unit (See FIGs. 13 to 15) for supplying energy
from t he hi gbedsxafiagcynind(SegFIGel € hdomonremating anfentinudws high-
reaction unié and for st&u&}ugal%¥1suppontin t he .reaction .ounit.

Now, the conSTFIHANCEn 19 t RéSRedA AR LMIONEE - t WELRRr il TeqUinRR EPEani ng
.appar at us ac | 0 e e [ %p;i Ny W : exi e .t h
§reference tdgﬁ%%gﬁgfgtggg.lg%§§ fha €¥ f |§g%%%bf%%% ive_5?8§?gfxg
reactor 1@ ags&pdsli N0 de@ction Lh€: PISSENIdNVENtb0) sdefRidAGihg B 1,
!the reactor 10 I ncl udes an energy power supply unit 200, and three
reaction irvaditag ib@0tbe yased aserbatd eljgperoantkdmewes paxmfiungasef téhe

energy power supply unit 200. " It is also possible that the 20 reactor 10
i ncl udes t heC@¥%Re ¢y Fwmcadygsagtiant opobhe grarmful gas,| aadt aBnERPEEY | on

it 100 dt .t her .of th d | I, f th
lener gy power PEIhI PR ogg, (58 ¥RBET fileo 1), K melipe PR Rersy
constructiongnfy %h@%ﬂ-%e@ﬁ'e}xcgeand i‘xgg}'xq;ol@a deneRgfi %r LW tt%l lElllg‘ 2,

the reaction unit 100 = 25 conpriSes an ectron beam di scharge ce
assenbl yibn dactdior unitplaridl £éy etretweddlqy heppodtsadhacpe GebksiddO are

| am nat ed, and an el ectron beam pol e 120 di sposed in an internal space
of t he ewmift+ on beam di scharge cell assenbly.
8 WD _00/ 06289

PCT/ KR9S/ 00272 Now, the construction of the reaction unit of the harmful
gas cleaning apparatus according to the present invention will
be explained with reference to FIGs. 1 to 5.

15 FIG. 1 is a perspective view of a reactor 10 according to
the present invention. Referring to FIG. 1, the reactor 10
includes an energy power supply unit 200, and three reaction
units 100 secured to both upper and lower portions of the
energy power supply unit 200. It is also possible that the

20 reactor 10 includes the energy power supply unit 200, and at
least one reaction unit 100 secured to either of the upper and
lower portions of the energy power supply unit 200.

FIG. 2 shows the internal construction of a reaction unit
100 of FIG. 1. Referring to FIG. 2, the reaction unit 100

25 comprises an electron beam discharge cell assembly in which a
plurality of electron beam discharge cells 110 are laminated,
and an electron beam pole 120 disposed in an internal space of

the electron beam discharge cell assembly.




FIG 3 is a perspective view of an el ectron beam di scharge cel |
according to the present invention. Referring to FIG 3, the el ectron
beam di schar ge | | is of a perforated plate havi ng Rooz72
circul ar peri ph‘éb 00’9%% and an inner periphery 5 which is p?!;obw wth a
pIurallty of trlangular el ectrodes or tips 111 successively forned

;al ong the inner perd.pBeiy.a Pegspecteteaiieanoberimelisehat Rateli sdidrqd so
'has fastening holes 115, formed spaced apart fromthe outer periphery
113, for fastehli rag:cordlngetbathm@tr@aeatemvmibeammféﬁma'metgeﬂ%- W.th a
fastening 10 menber such as a m nat Zd structure of

The
the el ectron B%a%]r?ﬁtsr(ﬂ’?apﬁém dls‘"c@’fgf &&ddr El?*ﬂg”i d’tial?epﬁF SEAtet RAGAHS on

[ 1 ed, d 4h., f
o et ron boahf¥ind an, oeB o 2By pekipnell B (10 Thiter Berififorny
staggeredg léhféz?%sr %obeaaadwﬁ&b%r B?uf&iit?y 'off”tﬁﬁéﬁéhla& %meetf\o&@@w t hat

an el ectrode 111 of an upper el ectron beam™di scharge cell fset

froma corregppading sieeissddelof farh@&\&u&igecﬁﬂéolinbeanperlpldazac.hamg& cel |
at a predeterm ned angle or distance in a circunferential direction of
t he di schar geleetion dbeaphdischarge@edhoWwho iad sFi @Sﬁsﬁwmpbeleélléc&,r ode

and the | ower. el ect r ode artially overlap ea other. The_el ectron beam
di schar ge cefprmed spacgfpRRALl LFomy e gutey g‘?ﬁ'@g\eqﬁ)l?'orfoé‘eﬁ?aﬁ%?q’ﬁ’é’ t he

| am nat ed el Po.fean S e h e

el ectron beargnﬁ% scharge ce%%@ﬁg grg%'ha%isée%% C%EEE ﬁgth\% ga%%eer}ltr%i&

jt he fast i NngekindLSsubld a@f at Bg1€i scharge cells 110 are aligned to mate
with those of the spacer plate 150 to be fast ened toget her.

{tFIG 5 illustrat ethe himmelmettedorstheatupel ef12Bei rlepbron beam discha@ge

00/ 06289 PCT/ KR98/ 00272 reaction

unit 100 accBrllfgREPAIHND e e | PRAAMToAIVentieRt aF¢ | A4t ydrated sn

Iflanges 123 @ESSfOQQEgnQn Lop dfet%:(gz:[n.%%mto FIG. 4a, the electron beam

discharge cell assembly 110 includes a plurality of staggered

15 electron beam discharge cells laminated in such a manner that
an electrode 111 of an upper electron beam discharge cell is
offset from a corresponding electrode of a lower electron beam
discharge cell at a predetermined angle or distance in a
circumferential direction of the discharge cell, sc that, as

20 shown in FIG. 4a, the upper electrode and the lower electrode
partially overlap each other. The electron beam discharge cell
assembly also includes a spacer 150 for separating the
laminated electron beam discharge cells from one another. When
the electron beam discharge cells 110 are assembled with the

25 spacer 115, the fastening holes 115 of the discharge cells 110
are aligned to mate with those of the spacer plate 150 to be
fastened together.

FIG. 5 illustrates the electron beam pole 120 in the




portions of a cylindrical wall 121 of the el ectron beam pol e 120, and
fastening holes 127 are fornmed on each flange 123 to 5 fasten a plurality
of el ectron beawaajeese 120 toget her. Reacti on openi Ngs Okc$ikirboern> are
formed on the cylindrical wal | 121 of the electron beam pole 120 to
face the el ectrodes of the el ectron beam di scharge cells 110. The
{reaction repegioys WiZE aneopr etesadhing | aegi thdi nadkdsers] ongateatiand 10
twisted at a predeterm ned angle to correspondingly face the el ectrodes
of the | am nBeBRFEInE ttoFIBeatn diluigasgd22errs fRMeR on tog andybetspmr al

f As is d | bed | at i.n. detail, .th I f th ti
openi nge 125PTE SR GHal IASEOF ITPEAA 121 BE FRE (HPTGe SR~ 8518  er

since it is a Lk ' 5_hi :%'&i Yy ectron
beans. The ngg b%?%eb?n&%ﬂ%g&é g é!egﬁbr on E%n?%‘?zc %?‘?éa ?2% gg t he
nunber of 5 fagt@et Aoganrafiithe oresRGirve el lebeamai esdedios cel |,
fand the angl e between the el ectrodes of the adjacent el ectron beam

di schar ge ceRéscichm peadngsnpneslits AR are ttornéd emdihe afylid@rtibel
reacti on openi ngs 125. FIG 6 is a circuit diagramof the

fhi gh- f r equent§lantRhicth the elefrtrnie b§emePal s o ufPt 360 ¥y ejeréradrfg a
hi gh- frequeng d I.gh vol t age.signal suii.abl or t nmet hod.and

appar at us oi’a%gngr dﬂl%cntzgmt he® egéﬁ?ﬁ?ﬁeenfle%ﬁs az‘t‘ls\’/\hi ch¥s r§6 Ig‘llg

across 25 t@%&i reBsbegra p9E€§eﬂé§9l}ﬁ”§ohB§t\§‘ci:§ﬁtl'i9” dEBAie3chahge

cells 110. FIGs. 7a and 7b are waveformdiagrans illuStrating t he

hi gh- f r eqoentyistnstl hitgha iddageraitigditarddle ab tberdsmindinglyf faguebhy and
hi gh vol tage generation unit of FIG 6. The

10 electiypdsy o629 laminated electron beam discharge cells which

PCT/ KRO8/ 00272 . hi gh-freguency _.and high valtage outqut OUT. i S oduced
by addi n*%t o’g’ét?ue?gﬁﬁlstﬁ}rﬁ"t %'ﬁsd 18u ﬁf’ré)&é?fg%tﬁtrﬁ %BTii,et&Jq’?, Eéﬁd

angle of the reaction openings 125 is preferably determined to

be in the range of 10°~15° gince it is advantageous in forming
15 high-density gas laser and electron beams. The number of the

laminated electron beam discharge cells, the number of

electrodes of the respective electron beam discharge cell, and

the angle between the electrodes of the adjacent electron beam

discharge cells can be determined to conform to the angle of
20 the reaction openings 125.

FIG. 6 is a circuit diagram of the high-frequency and high
voltage generation unit 300 for generating a high-frequency and
high wvoltage signal suitable for the method and apparatus
according to the present invention and which is applied across

25 the electron beam poles 120 and the electron beam discharge
cells 110. FIGs. 7a and 7b are waveform diagrams illustrating
the high-frequency and high voltage output OUT of the high-

frequency and high voltage generation unit of FIG. 6. The

10



3 as shown in FIGs. 8 to 10 according to the present I nvention. 5
Heferring to FIG 6, the high-frequency and hi gh vol tage generation

nit 300.incl ude i nput sections connected to a pri f a
tfr ansforner T. Tﬁgvfw%& I nput section 310 receives a fi r?@:‘?@#@& fl)al
AC i nput voltage V[err], and includes a capacitor Cl, a resistor RF1,
gnd a coi | '—Jhlgﬂllfg&qﬁéﬁééfi a%d Higno0Sd | AldRi  dibr Cuk t rodua-@dsby
dscillation circuit = al so suppresses noi se, and enables a stablée
qut put to be abitirignedgether fiiemrtats alirdosopute ahedf dxmea OVRL orotary, sinde of
tfhe transforner T. The second input section 320 receives a
decond commer@¥E ags5shewpnpt FERs.agl oer¥] , ageerdimg udesthet mixggentdi ode
1 such as a Zener diode type, a capacitor C2, and a coil L2, which
Jerve ast r?%c??’ilatlon circuit. The trigger diode T1 is a kind of

§i di rectiopal tri bl pde, Whi n e y
Jassi ng thgret hrog&h Pﬁg e |ir‘1ép:ufsovgfl§age&€/[ r%u hégher '%?nh vf&tagg

§r edet er i ne%éz@&%dmoﬁot;ﬁb@tsddﬁan&@ﬁ@@g &me@uany@é ts23@ 1 O Zconnediad o

geri odi ¢ spi ke-type waveformas shown in FIG 9. Preferably, Mlar
dapaci tors, famprimstrgneixie kevangransformert Nst aihd fixdtagepot @ectitom 310i mes
ghe i nput voI tage may be enpl oyed_as the capacitors Cl and C2 in the

fi rst and sectarfives aj fitat coseercéas AC tlé‘Puto‘l'S?h"'rwe Van, ang daclades

¥ t hst and volta /ca gmtance har erl gd;ap )é#ors Cl and C2
fioul o i nt o (P AERGRECE aphe § SR TERORF L P P REASLE: DYPAt Serv, 28 ar ed
qase, and, golged d@c&ﬁlﬁ?%ﬂ F &8l tThe refist Yoo v Y9

do/ 06289 * P RIBE 275 T BRRn

det er ni nes a alan@isagbdhetbel gind dridBlezonRsSistablei dlitglte to be @hpagnkar Cl,
fay be a variable resistor for matching with the entire high-frequency

and hi gh vol tfxym gquihtliéoqormeu;t;ed to a secondary side of the transformexr
: T.

The second input section 320 receives a second commercial

15 AC input voltage V,,, and includes a trigger diode Tl such as

a Zener diode type, a capacitor C2, and a coil L2, which serve

as an oscillation circuit. The trigger diode Tl is a kind of

bidirectional trigger diode which controls an oscillation cycle

by passing therethrough only the input voltage V,,, higher than

20 a predetermined level, so that the second output voltage OUT2
has a periodic spike-type waveform as shown in FIG. 9.

Preferably, Mylar capacitors, for instance, having a

withstand voltage of 2.5 to 3 times the input voltage may be

employed as the capacitors C1 and C2 in the first and second

25 input gections to obtain an excellent withstand

voltage/capacitance characteristic. The capacitors Cl and C2
should maintain their capacitance below 1uF, housed by an

insulated case, and molded with epoxy resin. The resistor RF1,

11



referably, a ceramc resistor having a small range of 5 tenperature

ariation may be .enpl oyed as the resistor RF1l, and the resistance
al ue of- the resy F1 may be determ ned bel ow 1K[ err
The third input S‘gégt?%#agtion section 330 receives a third L%WF“EV&I AC

nput voltage V[err], and includes capacitors C4 and 10 C5 coupled to each
ot her and t haitfilby deféfthiiges aCORRBR 1Yyde sGlarging Qfimk NCorddVidft LWRPH! }}49' tage
V[err], a switching transistor QL, a coil L3 connected to a collector
of the switcliapgcitansfht ory be a QzriabilesiredigtoRc fep mraritdhgbel v ethean
emtter of the transi stor QL and ground, and resistors RF2 and RF3
iconnected 137At¢¥g pAiehofreavencranardt driahl vAitAadmh sSeneratiocor @sit.The
esi stor RF2, ich, determnes_a,chargi.ng/discharging ti const ant
ith the capaz’g:g{%(?%a@)," gy GETE™Er | 1§gP§si Vd'F‘gfo SmrLEl]rmFPﬂ%evmct% t he
i gh-fr equengenpRdabi ol w)’a‘llita%ggngﬁ%rh%t bABioyed alNthe fIA roqb{i%l, aan%ler am c
esistor-having a small range of terrpéra¥ure vari ation may be’ enpl oyed
jas the resisttie Rledisaafice valiiéSofeghét 286Cstd UFINBiaPELE ChEE digfbdoel ow

1K[err]. The resistor RF3 determ nes the anplification factor of the

kransistor Qbelow 1K@he resistor Rc is for protection of the transistor Ql,

and t he capagjtor. js. g coupling capacitor. 25 The transistor QL
The Jthimsh 1989E RRFEH.ation pectiah 330 Faneavears NPNIE) pe

' he third inpu
!'b.n E)I ar trangj.sj ' d : en V.ol tage_exceedi ng t bi as
volot age of t?\;gﬁl?rggﬁléél@tj& tgﬁgg& Qr%ltlagea‘y\dkf;ﬁ'i 8 tJ‘r’TllrcE))‘h1 % t P IE ngo&eﬁl‘—aﬁl to

15&quce 3o 0%Gi tbapldW to each other and thereby defining a cobfion mode GL
00/ 06289 PCT/ KR8/ 00272 si gnal .

It is preferafl shehthirdeinpensicitageQt, bas switchihgnpeaméistdr 01, a
characteristic. in_the ranc?ée of -40[err]C to 80[err]C, and I's provided
Lvm'th a heat SPAk. LA Sonngdfed ftongi sedlechonpf (e switching transistor

Ql, a resistor Rc connected between an emitter of the

, transistor .Ql and ground, and resistors RF2 and RF3 connected

15 to a base of the transistor Q1 through a capacitor C3. The

resistor RF2, which determines a charging/discharging time

congtant with the capacitor C3, may be a variable resistor for

mating with the high-frequency and high voltage generation

unit. Preferably, a ceramic resistor having a small range of

20 temperature variation may be employed as the resistor RF2, and

its resistance value may be determined below 1KQ. The resistor

RF3 determines the amplification factor of the transistor Qi,

the resistor Re is for protection of the transistor Ql, and the
capacitor is a coupling capacitor.

25 The transistor Ql in the third input section 330, which

is, for instance, an NPN-type bipolar transistor, is turned on

when a voltage exceeding the bias voltage of the transistor Qi1

is applied through the resistor RF3 to produce an oscillating

12




¥ ST

operating tenperature and mai nt enance tenperature 5
characteristics suitable for the environnents where the high-

f requency and. hwoo%gage generation unit 300 of FIG 1 is 'mckb%ﬁﬂnzp‘s
can be appreciatedﬂ y persons of ordinary skill in t he arci, each time
t he transistor. turns on and off, it generates an oscillation signal
fand the signglighgl Ng geperiad egreﬁ&rzﬁslet heng®! ket ofrafsikhBrt rgaNshekory QL

§ ooks simlar to the waveform shown as OUT 3, but lower in

anpl i tude. teffheraturd rchegiasteriflidc sima thieglraspeedf swWiot*Chtngs o t@Nsirst or
with alow | loss, The neutral point or_common node Gl corresponds to

it he | eveRsoprovidedywitheat healy sigke aghlesut fhe WasRdidharaflshdvthen 15
fF1 G 10. Preferapl t he capacitors C4 d & be of a cer.an c
Fyoe, and haSBSESbr¥st aEsBRALYEE of SOBBVETRRS | ESPRETE of
11000~2000 C et : Egﬂ‘@%i ] LN .ages
Merr] to@\:/[ g%?fﬁ;é)?enst;[c#e sfuillrt g?i%lgft Ir ?%g%fégg%yﬁso%@ﬁo%z%gﬁand 330
are 20 pref graghynsy nghe-phats vt avel Gagesaiod OOnADMGo aTd Frey he is
fvariably supplied wusing a slicer. To prevent the

fchar act eri st ugedi st Bt ¢arh kewAmrrdsiathd byl pexponmofatrdinaryl skillt hex -

f requency devijation of the input voltages, variable capacitaors (i.e.,

fvari con) rmytB8 Add af2the WaAFactr srensistey cduraggops al t ghE t &
desired input § CV. , . The cail L &‘[{f’ L f _the

F espective i %Bﬁ{aggggﬁi%lngsml_l%%%os isggflgit%%&g)tﬁené% Wl r?&?ﬁgsg%?eﬁahtgd
gransformgy It ahd (B2lectofObkSthé. thkans bt GurLonsdid WikniiRe tecaniary

i ndi ngs of the 13 VO

§00/ 06289 waveform shown as OUT 3, but BR&KRIY O Atude. The

g ransfornmer T which are connected to the respective out put . termnals.
Here, it is @6aﬁél?|’§ﬂ3éc91t H& aohégheoprathlsvwdtchirg transigtorhwiehyia taqw, L5,
??nd L6, WhlCQoggpStfﬁé“é%ngalsgggggqéglcommon mode Gl corresponds to the

level of "O"V of the third voltage output waveform as shown in
15 FIG. 10. Preferably, the capacitors C4 and C5 may be of a
ceramic type, and have a withstand voltage of over 3000V and a
capacitance of 1000~2000pF or less.
In the embodiment shown, the input voltages V,, to Vs of
the first to third inmput sections 310, 320, and 330 are
20 preferably single-phase AC wvoltages of 100~200V, and may be
variably supplied wusing a slicer. To prevent the
: characteristic distortion caused by the voltage variation and
| the frequency deviation of the input voltages, variable
capacitors (i.e., wvaricon) may be used as the capacitors Cl,
25 C2, and C3 to tune to a desired input frequency.
The coils L1, L2, and L3 of the respective input sections
constitute the primary windings of the transformer T, and the

coils L4, L5, and L6 constitute the secondary windings of the

13




wi ndi ngs of the transformer T, should be grounded. The 5 withstand

vol tage of the coils L1 to L6 should be sufficiently high to w thstand
damage -f rom -apmo soalstgon of 3000V for 10 m nut es. \When pgtckosgodrhe
coils, care should be taken to ensure that the insulating coatings
not be damaged. The primary wnding coils L1, L2, and L3 are wdely
wound usi ngtrapsfprmer - & addchnsgkatcouneot¢d to pheveespedtsive detwtgnitor ati on

and agi ng. ,The secondary wi_ ndi ngI&(;oi |s L4, L5, and L6 are wound
al 50 usi ng TREMEPALE: oI BREE i nSultat BRI RO MEedThRaY Sifetermppal of qagh coj |

L6 is small %If tt'?l%n ctollﬁts ?’E]ﬁf’ g.gucgrilésbé‘ll W. J‘.jchl‘6ci<o§1is%§€§1/t? thé hse%ﬁrié#az%‘yﬁains

mai nly for the purpose o crng a hi gh pea ortage rart
produci ng cyin@RhgsaE t Be NWHARELOfmd M 85  shoul8f YeeghQidadd. 1 S The

preferably 5 times that of the coils L4 and L5 to prevent the reverse
fl ow of tshewliithbtand putltagid afetshdddbils L1 tandeQeHdl Abaosufif Seltdntdy bobbi n
may be used to wind the coil thereon, and it is inportant that the

nunber of t&igh ftor ekhstag glsmegen fom RerBépatierhefil d0B8V3FQTrorld ess to
guar ant ee the reljability,of the coj]. |If the urla r .of turns exceeds
900 " oPLaHERS scc PR SEIHES bl FoL e LT (TROGG, S (GRS to

di fference 0 r J 4 e e t qgggg | oss
bet ween Iayg%ss{%l t gtm’fsfﬁ% gglg‘l@,laeég%gi%aaetgﬁ%g f%%de}%%r{igra  on orTh(famage
of the coil prinaey Wwindisdresld Myl 32, and $3peedUResely WhithBWsdiey the
transfornmer T nmay deteriorate or beconme damaged due to the inpulse or
ri ng- wavié® néiizet-class insuPpgkdrerbily tohpreventstbeimedeteghovatide andsul at ed

by S 14 WD 00/ 06289
PCT/ KRO8/ 0029319  The; pecopdagyr WirAirgoeetts dg epbxyapdshé. ang wound

nonTl T8y p BB RRR bR ShEThe 2oL SRl et 0
setting the coil L6 is smaller than that of the coils L4 and L6 since
the coil 16 is mainly for the purpose of producing a high peak
15 woltage rather than producing current, and the number of turns
of the coil L6 is preferably 5 times that of the coils 14 and
L5 to prevent the reverse flow of the high output voltages OUT1
and OUT2. Also, a section bobbin may be used to wind the coil
thereon, and it is important that the number of turns for each
20 sgection of the bobbin should be 300 or less to guarantee the
reliability of the coil. If the number of turns exceeds 300
for each section of the bobbin, the electric potential
difference of the coil is greatly increased due to the leakage
loss between layers of the wound coil, causing the
25 deterioration or damage of the coil. Also, if a strong impulse
is produced in the gystem, the transformer T may deteriorate or
become damaged due to the impulse or ring-wave noise.

Preferably, the transformer T should be insulated by

14



agent contained in the resin. Such a magnetic field | eakage 5 does not
-affect the operati ng vol tage of the system but may reduce the
efficiency of ' c2nbng speci fied harnful ingredients. 1n order
ito solve the pr(% ens of the magnetic fiel d | eakage, th&4® RO e
I's manufactured in such a manner t hat about 50% of the insulating

filler materirahing e eaeinoddt Al Qﬁ%ocysg?' | 28 PhihhNERURDL £3, L er el n

are renoved, and then the remarnin er| a

filled and settiinguleatinohs ndedtednstead of the&l’ﬁéﬁbﬁ@ﬂtﬁﬁ@%o&&/afgsﬂi a

ni ckel -chronme_steel plate may be used as the iron core of "the
transformer ¥theTrgnetde £dedd Wwhthe tranafbuverhmay lieakudat ithgavesnt sy by

| npregnati on to greven rust and water penetration. It is preferable

ithat the iroff9eRt cepainggd ip ttllﬁecl’t“ﬁéﬁ of SaEh 1t WmWekicafideld M@gﬁf
material s g g | at| nfactor and initi magneti c
suscept i bi i toegaégg af‘f% }%n%&’ega ansﬁ‘% v t}F hE¥S T FiRy 'LB"bI of
i rregul ar dGeE I eitheS URPE 4 difenfagat d§ 9eTEs i ilelOn

sol ve tﬁg pr obl em(sa a heatl gl gk (not i1 llustrat %Bé 21 lgie atg.%’[ ed to
the iron corepgaﬁmhenuamﬂ|1n;omﬂEertp|pelﬂaytﬁﬁepﬁbﬁuéhheéft@h@emagnetﬂdT

contact with the heat sink, so that the iron core is cooled 25
stabilize t hglﬁ%l@sjéa(ké‘ﬁ?en'@h# tFRPERermen st vanefacturedAin suchcapmmnqm pe is

advant ageous,_t o, the stahilizatjon, of the puls current, whereas a
Dol S shRs st Hs LR TR Ll B e o maraatote thermases

non- magnet [ za

t her mal co [
f\O 00/ 06%§9 peLeri yéiﬁ@ A od %d the bubbles thﬁfﬁ.}.l‘k@gﬁ O'la?én?zred, an%

stabilizationhef tihe pethefitriciyy 9% of the filleFOmhh@rSACOndarn)1WandiRg coi
L4 is connected a first out put section 340 which includes, for
i nstance, a ipfekatiogaclded.

A silicon steel plate or a nickel-chrome steel Plate may
be used as the iron core of the transformer T. The iron core

15 is coated with an insulating varnish by impregnation to prevent
rust and water penetration. It is preferable that the iron
core has a thickness of about 0.8mm, and is made of materials
having a good heat dissipation factor and initial magnetic
susceptibility.

20 Meanwhile, the transformer T has the problems of irregular
current supply if heat is generated in the iron core. To solve
the problems, a heat sink (not illustrated) may be attached to
the iron core, and a cooling water pipe may be installed to be
in contact with the heat sink, so that the iron core is cooled

25 to stabilize the pulse current from the transformer T. A
copper pipe is advantageous to the stabilization of the pulse
current, whereas a non-magnetization or insulation pipe is

disadvantageous to the thermal conductivity and the

15




snoothing circuit HD1 and HC1, HD2 and HC2, and HD3 and HC3, 5 whi ch
conpri ses very high voltage rectifying di odes HD1, HD2, and HD3 and

;capaci tors HCl, widlednsapd HC3. The AC vol tage i nduced i#&rbﬁ@wﬁﬁ’ﬁ L4
yis rectified and snoot hed through the snoothing circuit, an

,accordingly, a DC voltage as shown in FIG 8 is outputted as the first
out put vol t ageaBiliizatdemre of thet pelsk adeselbl to HD3 are high vol tage
recti fying di odes havi ng a withstand voltage characteristic of about
120% of their To otihpusegondane . wirkhage agddi tldr sisHGonredues lavid st

w t hst and vo] t age ,of ut, 1QKY or re, and their capacitance val ues
are det 8?5?“%&%%16’@ g@?#‘éﬁ%—(@%"l SocitaF| JRstangey gekhyemistagrat 15
.the capaci t oLubiidn iS5y Used; f ~ ongi ' t he
jsafety of th%mcapaiéi or H(L%Q i ggaggc#’he};%utja%@/ﬂsgrtgﬁge@#%%df HiRe first
,out put seet i QHiBHOCdnEprisesFi&aB&gﬂiélﬁG}dlfthgg Pletiahiidge avbiel Rss Whe

twavef orm as shown in , and whoSe peak val e V[err] thereof is in
t he range of an@0HD30ap@Kapakbiterst HOL) i ez, Dahd olCage ahiepwc Gasltage

obt ai ned by i ncreasing the withstand voltage of the capacitor HC3.

To the secondBfYCsd nth M St 34i dscoppickiied andeevpdthed thuayslt thecti on

350 which in ot hing.,circuit,s HM, , HC4, and HD6, HCS,
and a mat chi %ég%%?j[ﬁ{% or lﬁ:ﬁpgggnﬁﬁco ng8r cfi RY. VOItRIRi BHSTMR IR0 HDE
are high vol +ege gecd idw dipdes; ] nd |.tage
characteristic of about ﬁ&tefzé‘é% gggtﬁlerl%qgﬁ{%%é? t\fgf%%%ée € d;ﬁ%géé HD4

and HD5 heéi ghheniiodes HDE teUHD8MNMrd h@éhﬁ@)ﬁﬂ&@éeféﬁm@lﬁgod%@é@ﬂavtiﬂao
reverse flow of 16
100/ 06289 a withstand voltage characteristicP@E KRESIt002T®% of thehe

jcurrent. It istssrefer bl e that the capacitors HC4 and HC5 . have the
same wit hst aRUT R 15y 387 t M s SRAELpAET e & H e Bave a opitdskipse, the

| eakage cury&itagd BEr £558S 105<W8¥%ret, he 4 their capacitance values are
determined to be HC1<HC2<HC3. Especially, it is desirable that
15 the capacitor HC3 is used in the range of 10~15KV, considering

the safety of the capacitor HC3.

The output voltage OUT1 of the first output section 340 is
a high rectified DC voltage which has the waveform as shown in
FIG. 8, and whose peak value V, thereof is in the range of

20 10~12KV. More-stabilized DC voltage output can be obtained by
increasing the withstand voltage of the capacitor HC3.

To the secondary winding coil LS is connected a second
output section 350 which includes two smoothing circuits HD4,
HD5, HC4, and HD6, HC5, and a matching coil Lm for impedance

25 matching. The diodes HD4 to HD6 are high voltage rectifying
diodes, and have the withstand voltage characteristic of about
120% of their cutput voltage. The diodes HD4 and HD5 heighten

the current flowing therethrough to prevent the reverse flow of
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capacitors. 5 The out put voltage OQUT2 of the second output section
350 forns a periodic spike wave DC-of fset by a predeterm ned
voltage | evel as.-shown in FIG 9. The secondary current of this spi ke
wave i s-determ f&sooldy2sbhe di odes HD4 and HD5. The peri ohornadsMes: ar e
due to the trigger diode T1. 10 The out put voltage OUT3, which is
directly outputted from the coil L6, forns a ring wave as shown in
FIG 10. Thethe¢ngurrent wavt haoreferakleathat Vher cdpagidons HCei annditHd5y wave
fol l.owi ng the eak valuye. In the ri ngawave, t he peak value V[err] is

p ,
i nportant, Bavegdi® sRRE &S ColkRgs aard Hhe FETR ePacihanrpedaNS ue
V[err], 15 lch. in thpLs_ e ' t i erm t g _be jn _the range of
10 20Ky, s QHEPERHTan Cher aneraroe; PREERSc R enRe Leiebdh " 0
gas | aser isqgsse{eded by generating and accel erating the el ectron
beans by the electrodes. The peak val ue should be consistent with the
di el ectri 8 const arite ioutign: vedctageoOUI? bf tRE second bheptbreectidp o
vol tages QUT1 to QUT3 as descri bed above are matched by a resistor Rx
and a capaci fermex % PRORAE aspike waven Denaffigety divt syeprrietemined nal

t put | t whi ' hi gh | t , high f i I,
suppl i teé"t oa?ﬁaatjsé T as a%lf‘q“ﬁ{ﬁéhé%ayagimEh%maé?%%%%frk%ﬁ%s oﬁiﬁ? h

reventin : Vv aLge C u i gh-
.1Pr equencygangéﬁ g%?iv% ?;ag]% égnggg%%ﬁﬁ&tn?’? égg,&iaérﬁ}si ?b%séqu l;ﬁ:p':gesiq?lgbl g

it hat the res%;éfﬁswﬁ: \epikes0hrbh@ué asd el tgigf@r idiode T2t he range of
:500-700M err]. If the resistance value of the :

17 10 Vi) @uBHR8OVvoltage OUT3, which is directly outputted from
PCT/ KR98/ 00272 resistor Rx exceeds 700Merr], an operator and a
measuring the kRhlpoddnt IREPSHR FHIUMEYCaRs SBoHRdER HEE -t 30t h&he Hipg

ielectricity QQ&Q‘HBEA“%”peak value V, and an oscillating wave following the
peak value. In the ring wave, the peak value V, is important,
but the oscillating wave can be ignored. The peak value V,,
15 which in this embodiment is determined to be in the range of
10~20KV, is an important parameter of the reaction unit wherein
the gas laser is generated by generating and accelerating the
electron beams by the electrodes. The peak vélue should be
consistent with the dielectric constant in the reaction unit.
20 The three output voltages OUT1 to OUT3 as described above
are matched by a registor Rx and a capacitor Cx to produce a
final output wvoltage OUT. This final output voltage, which is
a high voltage, high frequency signal, is supplied to the
system as the energy power. The resistor Rx is for preventing
25 the overcharge between the reaction unit 100 and the high-
frequency and high voltage generation unit 300, and it is
desirable that the resistance wvalue of the resistor Rx be in

the range of 500~700MQ. If the resistance wvalue of the
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The out put voltage OQUT of the high-frequency and high 5 vol tage
generation unit 300 of FIG 6 has a waveform as shown in FIGs. 7a and
7b in different tine scal es. FIG 7a illustrate the output voltage
OUT on the tiire WaHORE t he unit of [err]sec(10[err] secBEKR#MNE2F| G
7b illustrate the output voltage OQUT on the time base in the unit of

nsec(10[ err] secoq are the output volta QUT with the
r

To
out put vol t age-Hr® Rx e’fﬁﬁﬁ?és nE)BWéﬁ’ el®ct PBREHHm 8Rer ¥ PBRENTLBEpI y
unit, the ut t m i L.Lus t Fl Gs.
12a and 12b us?%ﬁéhe ti l%%segy:?n ét#t gg‘nl \tI@clg(Fa grr lgeecltgndéﬂ% t%%awc

unit of nsec,eleefRdRiityebMenomdRl conparing the two output 15 voltage
wavef orns, the conventional output voltage is an oscillating waveform
whi ch vari es fromTregaritpatyoialagget OUTt £ the riﬂ'&h-\farlet:{agncy/[ and] haghut
rhe OV | evel, whereas the output voltage QUT accordi nqgfmto t he present

]

nvention s ‘éPlpFéﬁqeo@PE‘aEﬁFk%n unit ?BQI §§d§‘I¢Na\ﬁe b 8 hwerse ey [ese WD

DC- of f set by |tage _2 evel V. hovvn i n FIG 7

Meanwhi | e, asé}%%\%}g a%l ‘%1 'Jbt h&®o Lf{%rﬁi agg‘ewtﬁ wies anIqDC &%t set
by the vol t age huglar¥] @ﬁé]oﬂ@ﬁtb%oi’@iéé Qﬂﬁ' @Yx é‘ﬁ’é"'dlﬁte base LIf t:fl'ier ghiput put
voltage QUT1 to the third output voltage OUT Il e possible, this
out put vol t agef ipsesdneRhad¢conmdit,abhd BIGE, 7&611&\&@&@&@ ehé%mt;tthfvemahgéuous
jel ectron beans, and thus the final output voltage, OUT capable of
gener ati ng (ML on the ckimenbassein hthen 1BiHHos] meelctﬂw “deeeendhe sBeond

ggt put comp\% ng)JT Ggétgput vo tag];f (S)t%' t}z/ftlﬁ %%% 8Ltput voll%:age of the
PCT/ KR98/ 0027, d e of .ardin
: ; c%nventional é&%e%@gg 08) e gﬁég%f pBMeP s%ggia urﬁtd fhd

Iskill in the art, the unit e y~conpact i Hexpénsi ve
fto bui | dronventional output voltage waveform is 1llustrated in FIGs.

12a and 12b using the time bases in the unit of usec and in the

unit of msec, respectively. Upon comparing the two output
15 voltage waveforms, the conventional output voltage is an

oscillating waveform which varies from negative voltage to its
| peak voltage V, about the OV level, whereas the output voltage

OUT according to the present invention is a periodic spike

{(pulsed) wave which is heightened or DC-offset by a DC voltage
20 level V,, as shown in FIG. 7a.

Meanwhile, as shown in FIG. 11, the ocutput voltage which
is DC-offset by the voltage level V,, may be obtained by adding
the first output voltage OUT1l to the third output voltage OUT3.
While possible, this output voltage'is somewhat unstable and

25 weak to obtain the continuous electron beams, and thus the
final output voltage OUT <capable of generating the
electron/laser beam is obtained by adding the second output

voltage OUT2 to the DC-offset wvoltage of FIG. 11.
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The final output voltage OUT produced as above by the 5 high-frequency
and high voltage generating unit 300 is supplied to the reaction unit
200 t hrough the ener power supply unit 200. The ener ower
supply unit 200“§Hp@gé9to connect thereto the el ectron H&éﬁgﬁﬁ@@ﬁhrge
cell assenbly and the el ectron beampole in the reaction unit 100. The

uni t 200 al'so. 10,5unAl beSaLREe ] Al EEWEARADY N-aih0) LGS (0, Uhe

reaction unit I e constr 1"on g~ energy power

fsupply unit 200, the Whid 6o exph abdohM t&n@aéersﬂ&eiéoziﬁégensli%et @olS.

FIG 13 is a perspective view of the energy power supply 1

unit
accordi ng t obubhkdpresent invention. Referring to FIG 13, t he energy
power supply unit_ 200 includes a central franme 210 secured to the

el ectron beam pol Bhe 20ial t patpelacyeldinaeniQUTI groduced gscabever®ysddgred to

the electron b di schar ge || ,assenbl and surroundi.ng the central
fram 210° afbSA HOTHGRY RBIOES! 36 45 PEPeRRti RE E Motk 4t 7igP 210
to the case Op ¢ : ' I ' Lca t . W T h
the central e tﬁ?rgér%é:tffg P(%%gu%%?%%gbﬁi gﬁgf%qﬁéﬁ%§&gndg%}t \%’lttage

si gnal poom t hendi @hefdpapensy aGfplY Jin¥®! bage seeResatticonedttdet300 to
the central franme 210. 25 FIG 14 i1llustrates the structure of the
ener gy power theretsupbey edectront bethie ddasbapset cally assembly. aRdf adhiei ng to
FI G 14, the central frame 210 has a cylindrical wall 211 having the

Isame di anet eP18SE¥ DERECPPIR Breihrptaction ¥l A0, ekt GRit 200 also

PCT/ KRosH002 TP (R High-fraanpagy and, bioh Yelkags £3 550 PSR

portions of ypjetiepcylindrical wall 211. The flange 213 has fastening
hol es 215 formed thereon for securing the flange 213 to the fl ange
Now, the construction of the energy power supply unit 200

will be explained with reference to FIGs. 13 to 15.
FIG. 13 is a perspective view of the energy power supply
15 unit according to the present invention. Referring to FIG. 13,
the energy power supply unit 200 includes a central frame 210
secured to the electron beam pole 120 of the reaction unit 100,
a case 220 secured to the electron beam discharge cell assembly
and surrounding the central frame 210, and a coupling member
20 230 for coupling the central frame 210 to the case 220 in an
insulated state and in electrical contact with the central
frame 210 to supply the high-frequency and high voltage signal
from the high-frequency and high voltage generation unit 300 to
the central frame 210.
25 FIG. 14 illustrates the structure of the energy power
supply unit with the case partially cut-off. Referring to FIG.
14, the central frame 210 has a cylindrical wall 211 having the

same diameter as the electron beam pole 120 of the reaction
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127 of the electron beam pole 120. The case 220 is in the 5 shape of a
box.whose top and bottom surfaces are open, and has fl anges 223 forned
on top and bottom portions thereof. A cover (not illustrated) is
secured to t he"PPOYPEE 223 t hrough fastening holes 225. FREKBYYF s
secured to the el ectron beam di scharge cells 110 so that the central

frame 210 aped heyo 10, u?hgg Lgn, peaEy deoEZQ%ﬁgaﬁ?é Eﬁ%t§§?¥"2§°%€%/‘§{ssi°§es of

enabl i ng t he har to pass therethr

t he casgha@rgylfierradatyvaldr b cal PO iFQ86g@ 201 £ Ha@NEBlefity\dfl esand

on both sides of the cylindrical portion 227 are forned I nsul at or

term nal no2AE | Foprt thereo? Foex sendrimy ditendildnge 1313 to fiie feamglei ng
menber 230 includes a central shaft 231 secured to the central frane
210 in a comtilicef vehatalectron beamirpls nplshaffhe XRBep@2Pedd dl &hey
secured to both ends gf h ths_1 cent(riall:lJ sthaft 2?1 af&l{urality oc{

i nsul at oPs TATET TAI 223F¢ “HOgE\FRy 2B Rt SBFTROTE A5 C0RER” 131 M8%end of
the reinforgififhec?d23sholhed 3 £BHhnA boktof WH:216RK! BhedUU | OF oovREUr e
to the cylindrical portion 22 or% the case 220, and an energy i nput
term nal 24(notat tiddhedrkoean eiyl Glecubedcys ndhecatlgiyd | 2D32Xxhroughof the
case 220 in an insul ated state and connected to the central shaft 231
i n a conducfastenimgt solear22upplhe toveants ssuredohetite kilghtfomdwgancy and
hi gh vol t age, generation unit_to the el ectron e%mgole 120. :
The ener gy +%§‘ta‘%9§rrﬁ S 2uP0 89 &hBhintPR EeBbrak, frame; 21D, @pd &h€ircul ar

tz)gse pl ghe gfé'c@:{xk?é%%%gé%gﬁge fﬂg Bgn&pfate the cover, enabling the

PCT/ KR98/ 00gfenful gasC¥bi PEEL CEBhe RUHARGh227A0E0 | iy GRS 828es X tRB

I nsul ati on pi pe 245 tor insulating wires (not illustrated) drawn from

the base casglkatefSriednyltihdrhcgh-dortédoes@R 7ansténding ohtaged gendr ati on
on both sides of the c¢ylindrical portion 227 are formed
insulator terminal mounting portions 229 extending outward.

15 The coupling member 230 includes a central shaft 231
secured to the central frame 210 in a conductive state,
reinforcing shafts 232 perpendicularly secured to both ends of
the central shaft 231, a plurality of insulators terminal 233
having a center portion attached to the end of the reinforcing

20 shaft 232 and a circumferential portion secured to the
cylindrical portion 227 of the case 220, and an energy input
terminal 240, attached to an end of the cylindrical portion 227
of the case 220 in an insulated state and comnected to the
central shaft 231 in a conductive state, for supply current

25 from the high-frequency and high voltage generation unit to the
electron beam pole 120.

The energy input terminal 240, as shown in FIG. 15,

includes a circular base plate 241 attached to the end of the

20



unit 300. The energy input term nal 240 al so includes a port 5 243 for

supplying conpressed air to the reaction unit 100. The air supplied
fromthe port is'then provided to the reaction unit 100 through a gap
247 bet ween theW@@6¥Pate 241 and the i nsul ation pi pe 2EST/KR38/00272

The harnful gas cleaning operation effected by the harnful 10 gas cl eaning
appar atus as scribe ho Wi n be | ai ned. . . _The
harnful gas %’?gﬁ%#xhlgcaglp _ro §¥|§SR érr%a?y og\gh?ﬁ vcia(feedsléﬁt oém%e"’m T’I’ﬁ%leatﬁro&%g%s: a
first procesgsofrgenefsaibRng @i dNnor 1114&GOUROY a206n ¥ LRkt BYSe
signal by the high-frequency and 15 high voltage generating unit, a second
process of gpbetat24y and thdehigas fragaenandard eeidlonvdieae Renswapiyhng
the generated hi gh-frequency and high voltage to the reaction unit,
and a t Wit P oOcesBheoenerdycimentt Hedrdnal uR4 0 ngkeelilowilades ahpomast e
gas by the generated %aﬁ |l aser and el ectron beans. 20 .Referring again
to FIG 62 the3 SHyPEPRhYiRg MOMpAessgesatf to the Rragden BBLEREP -ar Bhe

putted (0 4 Lt i@ i IR 1o S5 B33A0a 3305800, 380: 85

their input Stgna causing the first I|"nput

|sections 310un3R010@Nhr3UIH @ gap H5FiNdtiledn t8EPBELE Slate 233 and tHde

oscillated pulses fromthe first to third input sections 310, 320, and
1330 are respinsulatiorbgapieed460 hi gh vol tages by the transforner T. The
hi gh vol tage induced_ in the secondary wi nding coil L14 of the

it ransformer T1 i sThedprrfad gas cleaning operation effected by the harmful

WO 00/06%39 . , CT/KR98/00%ZZ and
ismoot hed 1By $R% fFTA™ 0% pFPPREREY SN 308G 1PRts ¥ % & nowc BByl t age
jas shown in ELG . 8.d$ outputted fromthe first out put section 340 as

jthe first output voltage OUT1. The high
~ The harmful gas cleaning operation may be divided into

three processes: a first process of generating the high-
frequency and high voltage signal by the high-frequency and
15 high wvoltage generating unit, a second process of generating

the gas laser and electron beams by supplying the generated

high~£frequency and high voltage to the reaction unit, and a
third process of reducing the harmful ingredients in the waste
gas by the generated gas laser and electron beams.

20 Referring again to FIG. 6, the single-phase AC voltages of
100~200V, 50~60Hz are inputted to the first to third input
sections 310, 320, and 330 as their input signals V,, to V.,
causing the first to third input sections 310, 320, and 330 to
oscillate, respectively.

25 The oscillated pulses from the first to third input

sections 310, 320, and 330 are respectively boosted to high
voltages by the transformer T. The high voltage induced in the

secondary winding coil L14 of the transformer Tl is rectified
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Woltage I nduced in the secondary winding coil L5 is processed 5 t hrough

 he second out put section 350 which includes the two snoot hi ng
Circuits HD4,. Fgﬁf and HD6, HC5, and the | mpedance hi oi
I m and thus th d@ggéﬁic spi ke-wave vol tage as shown in 4§d%%#é
put putted fromthe second out put section 350 as the second out put
vol tage QUTZand gnddeR@aVBy Gthel @1¥0L LAAGAS s3BOYY 133 of | Lha ks eHbr BLdHh ¥
out put t ed fr%%1the w%%conda%y wi nding go?? L6 "as 't he ?%}rd outpﬁ%

vol tage QUT3pc voltdde &Bredownt put Mgt agess Qlldputt QU ol ecHant st by
t he resistor Rx and the capacitor Cx, and the final output voltage

QUT as shownoutpi Gectignaddlo &As itheofiasheehiitvdr wbibage OUF1. Th&hhdglout put

vol tage OUT of_ the high-frequency and high | _voltage generating unit of
G 6 is a YHRds ef Rdc gﬂh‘econdagm VAR B g‘svéFyP’s’%??S%ri od

0oL NP heconaBLigde havelople ) phemal a0y orgT ity

bout 10 as s equency
and high-  28nyoidage e0eE@tPOWBE , | SITBUPPEELd bAat heg! egds ON shgampol e
120 of the reaction unit 100 via the energy power supply unit 200.
Accor di ngl y, impeddrest matchiabdcb$l f Dk jreahd et hee tHeh@eriodét espiloe-iesm pol e
120 and the el ectrodes 111 of the el ectron . beam di scharge cells 110,
and the el ecYeUrrIsfe&fs shewn | FdCat 8dis tmugreshEren dher 6665081 Ogtrut

| ect b [ h 111 ¢t h ti ' 125 of th
ol oot ron bodPFPHIE 250 ok, ché aggpd qurpstatol it TH2R! Chbg SE1aF Vs o
pul ses ai§ VPRI as sl 1131 Dfo ehEchifalel) Coli i & te KV or
nmore IS 22 00/ 0628

PCT/ KR98/ 002decondary wiGidsihanicbylmaenizal ned, tehabar eatput a6t Hpancuer e
si mul t aneousl y generated in addition to the generation of the
el ectron bedfge three Purpher yodbagdmWwlUTh FOGOUTB, arke matghRdofoyt Hehe

generat ed bggggistor Rx and the capacitor Cx, and the final output voltage
OUT as shown in FIGs. 7a and 7b is obtained therefrom.

15 This output voltage OUT of the high-frequency and high
voltage generating unit of FIG. 6 is a high-fregquency and high
voltage having a very short period of about 10ns and a peak
voltage level of at least 1KV and preferably about 10KV or more
as shown in FIGs. 7a and 7b. This high-frequency and high-

20 voltage energy power is supplied to the electron beam pole 120
of the reaction unit 100 via the energy power supply unit 200.

Accordingly, an electric field is formed between the
electron beam pole 120 and the electrodes 111 of the electron
beam discharge cells 110, and the electron beams are irradiated

25 from the electrodes of the electron beam discharge cells 111 to
the reaction openings 125 of the electron beam pole 120. At
this time, as shown in FIG. 7a, since the pulseg are supplied

such that a DC electrostatic force of about 10KV or more is
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I s extended due to the twi sted configuration of the reaction 5 openi ngs

125 of the el ectron beam pole 120, which conforns to the | am nat ed
configuration o ectrodes of the electron beans di l1s
110, and this c&é@@sﬁéw coherence | aser beanms to be ext iﬁ%g’g??g%
irradiated fromthe incident wave. FIG 18 schematically

i llustrates agheouiema) RRERELEGM ] cgil?ﬁégce 138 - 8AL LY rH M Lﬁftalr:kgié\sl 1 of

Referring to FIG 11,” since in e reaction unit, an electro

the el ectrongbfér@ted in didibasgerselhe gofetdtcicd! €t the dIBRI01RRI Beahs.
considered to constitute a capacitor, the reaction unit may represent
t he equFvatken, cis shownoin BIG. 18, Speotidtdabfythe genaxadeidoheamst 15
i s conposed of a El urality of capacitors connected in parall el .to one
anot her, andifng¥tended qiefsufibeortwigtee rerpiddptddn of tygr rggcthen
operation_of the.reactjon unit. Such noi se_i di,scharged outsjde,
POl owi ng % hEPPHF B AT st ofuton B gl 120, SRRt b1
since the reaghi iniided LAAFAEBralfon CHNEE! 8lebOrSQWRH A L4dcpRgn an
exhaust pat hway 130, the éntire apparatus serves as a sound absorber
{for reduci ngbk&es dischaaogecubls elidie apdhehbd akescpeat @sHareaxpabdsennd
icontracts, passi ng through the reaction units 100, connectors 140, and
texhaust pat hpagma 3 bemxtendegepnd riyxpdigtrdGiren, thg dimgisiskitnyavewn t he

reaction unit fromthe top, igyc be i magi ned that _.a plurality of
el ectron _bedmaré & r%‘f%#&gpﬁ%ﬁ%v@f"ﬁﬁgrwlf‘& he
: rzgaCt ' Onlgpephgggﬁ%%d%%gé NG 933! 35er papd- Bl QP WL BREANE | since in

IPCT/ KR98/ 002¢8e react2s® uhtedi ahetblctirdaer @aat ion tRgi elebeivReBesths
el ectrodes and the electron beampole in the formof a network of
sever al di hohsregeiscalfl resheshe €edtironc beicor pedet bor gbnelideredctd on

constitute a capacitor, the reaction unit may represent the

equivalent circuit of FIG. 18. Specifically, the reaction unit

15 is composed of a plurality of capacitors connected in parallel
to one another, and thus a large amount of noise is produced
during the operation of the reaction unit. Such noise is
discharged outside, following the £low of the exhaust gas.
However, as shown in FIG. 1, since the reaction units 100 are.

20 connected to connectors 140 and an exhaust pathway 130, the
entire apparatus serves as a sound absorber for reducing the
noise while the exhaust gas repeatedly expands and contracts,
passging through the reaction units 100, connectors 140, and
exhaust pathway 130.

25 Referring to FIG. 4a, upon locking down the reaction unit

from the top, it can be imagined that a plurality of electron

beams are discharged from the respective electrodes to the

reaction openings, and thus the gas laser and electron beams
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region, white wave effect appears, a strong ionic w nd bl ows, 5 and a

strong diffracted wind blows in a counter-cl ockw se direction in FIG
4a. : - \WheRebdrge Wwast e gas contai ni ng harnful ingredi erg&mg}aoz%
{NOx, SOx, HC, etc., flows into the reaction region formed as above,

it he harnful i-ngredi ents are dissociated by the high- 10 density el ectron
beanms, and tdwes ithediatefiultoi theedbatt Sorlfegion bekiwabnatrd &ieotwgiadde

oxi dat i on/ reduction reaction of the har nf ul i ngredients. For
exanple, it 3R t&EnPlrAEECR teaan @oéasen dtheafornf bHVR afetwork dbxsavwenale
reaction regi,on rr]. and err produced by the 15 radi ated

el ectron bea ‘ﬁ?”gﬁ" é’];p rt?gﬁ CFBte‘énB?ﬁ jon of theereatrittas

carried out jdudhe Gheani fgvabiitdo QLPEQESM SARY §5H§cww§.1t'%b REC 1O

the exhaust gas froma di esel engine tarns Arount
of NOx apd 48 a bfrbhS diffraB¥B&r WABA! blidws\Wah I £Co80LhEES- éf@ékvh@%
oxidation radicals 20 related to the elimnation of NOx were mainly O

HJ err], andid¢ction d@hi FEGozeme(03) contributed to the oxidation of NOx in

addition. In detail, 03 contributed to the elimnation of NOx by a
harnful ingr edl et‘??’eﬁr bRt cERPYe SRSt pentadningdharmipy ingrediesbeisidlomsof
{Jerr] int ogcunl M)%t of e I ultané 25 harnm ess in%redi ent
was not disc arge o the5Fr ! BTV §8F5 ol oJVal € 4T3

conposi ti on wiveh wWae tﬂaﬂm’fmd%g%é&?é’ms afd AN & 18GEHOR ggec%@ Yy g;%{;arge

Icells 111 and the el ectron beam pole. Also, SOx was diSssocliated by th
di ssoci at® ondemexityi eflectron beams, and thus the harmful ingdedients are
WO 00/ 06289 PCT/ KR98/ 00272 of

SOx- >S+x[ O didippEadethrionghedhe oxidationfweducrien nreactbm (&F pheduced
by diSSOCiaaﬁggﬁ%E Qggredients.

For example, it was confirmed that in case of an inflow of

NOx to the reaction region, N, and O, were produced by the

15 radiated electron beams by an experiment. Meanwhile, another

experiment was carried out in the cleaning ability of the

apparatus with respect to the exhaust gas from a diesel engine,

which contains a high amount of NOx and HC. In this

experiment, it was recognized that the oxidation radicals

20 related to the elimination of NOx were mainly O, HO,, and OH,

while ozone(O;) contributed to the oxidation of NOx in

addition. In detail, Oy contributed to the elimination of NOx

by.a harmful ingredient produced with the [0] radical by

dissociation of 0, in the reaction unit. Most of the resultant

25 harmless ingredient was not discharged to the air, but was

adsorbed by the carbon composition which was thinly deposited

on the electron beam discharge cells 111 and the electron beam

pole. Also, SOx was dissociated by the dissociation reaction
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al so contributed to the elimnation of NOx by the reaction of

N+NOx- >N er r | +xO. 5 However, it was recogni zed that since N reacted
with OH, . err and Jerr] to produce NO it was advan flow
conpr essed ai P%?l?%‘]‘ﬁ?e reaction region for the effective E@gw%ogle on
of NOX. Specifically, by the inflow of the conpressed air in
addition to th : ontained in the conpressed air
was di ssoci e?:fe %Hi sé%r[?%sinl—% g’?‘?ﬁ%ﬁ%ﬁl}&&e&' to expedite the reaction. The
conpressed air filreedtbRle hiitrogen (ACHLEAUCEY byl O ddvciu@iohh®f N,
conpressed air input port 243 of the energy input termnal 240 as
shown in Fl @lstbcontributed ta the plihimathien tdfalNOxhky heherfrdaardonclodani ng
apparatus 15 according to the present invention include a high-frequency
and hi NP Natf€ generating unit, an energy power supply unit, and

| [i f i i whi ch . ,
Sl o b7 the BRErkSR, Uk Wag REBOGR! fod OMEdabe] R bR A rien oROPL( 0T
such an appajat Ussddd Bhi €8 tHRRRYY IMoPOWR! wiE SHHRRINEalBbLs20Q | $1ow

posi ti oned on?fhe center, and three reaction units I00 are secured on
bot h t he torocupdebsefiomiporirtenstid reactivn epegipyn pboer thep@ifadtiiive200.
Referring to FIG 17, the waste gas is indrawn from"A" position and

‘ exhaust ed t eliBingbioni of NPhe weSperifisagdysesby 28hehrigddiowt hef r &het i on
regi ons each of which is fornmed between S'peg el ectron bear?edi schar ge
cells 110 afP"PRESEPEctH o BRaRIdItigd) et 20 B Y27 Y2d 936 ng™ e Y& EEt r on

bears, aﬂg té&?ﬁt&%?gd in @ﬁé né&l\pziéﬁé%reﬁd iaq.Q't %aE”d&QQoX‘Péée%gégoﬂﬁﬁz [0])

el i m nat'ed.

00/ 06289 to expedite the reaction. The comprebeRA8: 0P Wed into thee,
t hough the flow of the waste gas from"A" position to "B" position is
very fast, sdastdoniahity 100 thioudle thmsicompgasssed air input port 243 of

WO

the energy input terminal 240 as shown in FIG. 15.
It is preferable that the harmful gas cleaning apparatus
15 according to the present invention include a high-frequency and
high voltage generating unit, an energy power supply unit, and
a plurality of reaction units which are secured to the top and
bottom portions of the energy power supply unit in turn. FIG.
17 illustrates such an apparatus in which the energy power
20 supply unit 200 is positioned on the center, and three reaction
units 100 are secured on both the top and bottom portions of
the energy power supply unit 200.
Referring to FIG. 17, the waste gas is indrawn from "A"
position and exhausted to "B" position. The waste gas passes
25 through the reaction regions each of which is formed between
the electron beam discharge cells 110 and the electron beam
pole 120 for irradiating the electron beams, and thus the

harmful ingredients in the waste gas are eliminated. At this
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feacted by the el ectron beam when passing through the apparatus. That
s because the density of the gas |aser and 5 the electron beans in the

eaction units i hi gh, and the reaction units 100 '
ormof a circl e‘?();é@é%?’ti ng in that the gas |aser and el gg’r’%‘ﬁ“@%&m

E_re I rradi ated over the whol e region of the exhaust gas pathway. Also,
since the gasime, th R0 r1 BE & e’ QRLEYH Qi-@zn"'w"a?béi@i’of{“ttd* ngnVery
short 10 wavel ength, the harnful Ingredients in the waste gas are
nevitably expasedonoibheegpsfastsersuatangéatlecilbrofbadss waate gasbes
reacted though the waste gas passes through the reaction regions at a
hi gh speed. Treacted Wye e nfallecgaonc| keamn ng'hespapassingic ddwmpugd t thehe
15 present invention can e unted on a_smgl | exhaust system_such as

vehi cl e. ARPAITELYE; g Tﬁ%’ba %&E%‘%ﬁﬁ@ggﬁas’f@@e?iéﬁhﬁ gas lasgy, apfe|

y be noupt 0 Laciner at .G . i'C)é%n
apacity of t & %%rggft%g%ga rg;alt%?%tﬁég%g%g’w{%g fes 8 KSH:&H% ghe
The present nRizkedoandndPPaies Usrd G GRAFRE Barafeirdas resuldingCin
hpplied to diverse fields. For exanple, it can be used for treating
hast e gas pr ddhate dhengams cl asrmiands eleatneh rbedms aref icrdditates) oveti ohs -
bower generating nmachines, etc. It can al so be used as an air cleaner
n living sp e rRgice rehithe sxbauel geam RAGWEUNd AR SiNFehths gas
unnel, etc. ,since. i | so seryes _as_an air cleaner. and deodorjzer.
rther, ic dRregeaht A etece RN BERRE A Sragla PR MU' S, RRYS oSt e
?gner atl ngp w\%fe%%;ﬁ Glg,gét‘ﬂ@' | adnieu8an Der&iTrR%e 4 4 NepBdLe3k 2R 2REES,
bCT/ KR9S/ 00232 evitablpxefmited ter 8heNgas et asd £hedeaitixioal beAms to

acilities, etc. Furthernore, it will be obvious to any person of
br di nary ski He reacted though the waste gas passes through the reaction

regions at a high speed.
The harmful gas cleaning apparatus according to the

15 present invention can be mounted on a small exhaust system such

i as a vehicle. Also, several apparatuses connected together in
parallel may be mounted on an incinerator to increase the
efficiency and capacity of the harmful gas treatment as shown
in FIG. 19.

20 The present method and apparatus for cleaning harmful gas
can be applied to diverse fields. For example, it can be used
for treating waste gas produced in incinerators, industrial
facilities, wvarious power generating machines, etc. It can
also be used as an air cleaner in living spaces, industrial

25 sites, underground spaces such as a tunnel, etc. since it also
serves as an air cleaner and deodorizer. Further, it can be
used as a sterilizer or pasteurizer by its ozone generating

function, while it can be employed in wmedical appliances,
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e ot - e gt v

in the art that the present apparatus can be applied to diverse fields
such as purifiers for centralized heating/cooling 5 facilities, vvaste

wat er di sposal plants, waste disposal plants for recl amat. b

treating apparé’?%%"@é Sartificial raining facilities, divef 2 |
appar atuses for kitchen works, etc. An experinment for estimating

the harntul Q?ﬁ %féx%g:ln aﬁﬁ&i&%ﬁ@”%o‘&f s%glﬁtg?.’c&?dfa?&lq R, 2bYE.

according to prese vention was nmade and the resul'ts ‘are shown
in Table  purtndedaw, itnwile RXBBUisBSto bhE RAWRn 6 MGV s#OPIA was
supplied to the energy power generation unit 200 of t he har nf ul gas
cl eani ng appar theisart thadt the pfebknt lapparatus can be applied to divatbew
Exhaust ) Reduct i on Analysis item . ) .
Concent r at | $AeldeofVEh r 8fi rrifiergyt foy %Centrallzed shsating/cooling 209
[0)
‘;’g) 5 fac'i:ﬂ:iglses, WaStESB%b%rﬁiSposal plafg%goglﬁfm:e disposa]nggggg%
NOX 3999%9*; , voc £20 tuses, 8rtificial raPhX
3000ppm ion Q@ﬁ? appara Rﬂs%%a?‘%l: cll e:1.c:|.a ra®hing
0-5”9/”{errkaCilltleél Eﬁﬁﬁkﬁbeabﬁaratuses for ¥f@tchen worW eldtal.s) 25-
Also, it was indirectly confirmed by a biological test whet her an
unconfirmed mat ek apxpeciment dfori petimdf ity | she ehgrmful hgeraf seduoinge

l'iving thi n%s and cont ai ned in the waste gas, and whose chem cal
conposi t i on PEFESFRIRGSr 85 hddehoprelrd béﬁﬁ apparatus according to the

I%ZZT/ KR9817 OHESX\Q: 0%\%@1%%%1’1 gcmade artd ,the regults are shown in

I'ssoci at ed or reduce% in the

, contiried actur at
i har nf ul 198816¥ eamm&@r@ip@ﬁ&eaecoeﬂé NGowdr td¥e AT ADRVRA, WOYRAL Las.
First, the gas generated by conbustion of garbage and waste tires was

i gat her ed ansugpdsed redtha shextgy pedenatereratiob wttai2d0i ¢ Wenbemnfal ed

solution. This concentrated sol ution
' gas cleaning apparatus.

15 Table 1
Inflow Exhaust Reduction
Analysis item
Concentration Concentration Rate (%)
Smoke 20% 3% 85
CO 5000ppm 1500ppm 70
HC 5000ppm 1500ppm 70
20 NOx 3000ppm 1200ppm 60
SOx 3000ppm 1200ppm 60
PM (Particle
0.5mg/m? 0.15mg/m? 70
Materials) ,
25 Also, it was indirectly confirmed by a biological test

whether an unconfirmed material such as dioxine, which is very
harmful to the living things and contained in the waste gas,

and whose chemical composition or structure has not yet been
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;of 100cc was poured into a fish bowl which had the capacity of 10
liters and contained fish, and all the fish died within sever al

m nut es. Meanwhj | gas generated by conbustion was d
t hrough t he appgpz’{"ﬁézlg%f the present 10 invention, and theeytcr%ea glgﬁréés
was gat hered and di ssolved to obtain its concentrated solution. This
concent r at ed§ef iinelN accurd@S1 POWRS i dd-iatblisdy Revhced Ut the WRSERNf i rmed
that all the fish in the bow still lived and grew w t hout death.

Accor di ng togadeldiardal appavatnedccoirdihg barthallprgasnt 1lverddwst.i on rat e,
and the indirect biological test as described above, it has been
recogni zed that tHi&star ifhe gps gensndated by oppaeiios sécoraraget dnche

t i ti h; [ fect t.h ductd f harnf
Phoredi ent's Tiethe ires aad Saghered pid issvedatn, AEEHH LA &2 fo ¢ he
har nf ul gaso)ﬂgiﬁ?%gg conceRPRRLAL Lé%l%%%gh‘.j' Ngni 0 dRRRELIEM ddRAGRON

lgenerates hig nsity gas ser el ectron beans 1 n a conpact
device, it of LD bo€ASY HtANEPLLsh HHh1eRBYch NRldakhat ¢afaciai ofhus

can be attached to vehicles at a low price. Also, its cleaning 25
efficiency can bitensi iydi acpnoaitedyficinnestd g la Yhleurfalsht ydield withdgacti on
units together in series. Meanwhi | e, several appar at uses

accor di ng t oSEYREDr d¥ighttesny e MerBRhHES: Debe Fafegeagrated (g staphustion

parallel so as to .be easil pplied to |arge:
28 wasvm§%ﬁ%‘3%f§§¥eg throug 86 apparatus of the present

the present Lo B e R e s wfh

Iref erence t oohteimprigisecondentbackdasilutiohherofs doncentiated usdertsionod by

those skilled in the art that 5 various changes in formand details may be

made t her ei nwa$ tpoined into a fish bowl, but it was confirmed that all the
fish in the bowl still lived and grew without death,.
According to the direct measurement of the harmful gas

15 reduction rate, and the indirect biological test as described
above, it has been recognized that the harmful gas cleaning
apparatus according to the present invention has a superior
effect on the reduction of harmful ingredients in the waste
gas.

20 As described above, since the harmful gas cleaning
apparatus according to the present invention generates high-
density gas laser and electron beams in a compact device, it
can permit easy transport and easy installation, and thus can
be attached to vehicles at a low price. Alsgo, its cleaning

25 efficiency can be easily improved by connecting a plurality of
reaction units together in series. Meanwhile, several

apparatuses according to the present invention may be connected

together in parallel so as to be easily applied to large-
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H

'departing fromthe spirit and scope of the invention.

. WD 00/ 06289
PCT/ KRO8/ 00272 VWHAT IS CLAIMED | S: 1. An
appar atus for r¥@PePRE? harnful ingredients in gas by i r r R ERIBAG R he
gas with an electron beam the apparatus conpri si ng: 5 a _
ol tage genegald i inbhaddEPhethl e IERIaLEE G, frequency and high
;- an

voltage si gna

i While the present invention has been described and
illustrated herein with reference to the preferred embodiment
thereof, it will be understood by those skilled in the art that

5 wvarious changes in form and details may be made therein without

departing from the spirit and scope of the invention.
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{a reaction unit coupled to the volta e' enerating unit to receive the
il

hi gh-frequency and hi gh vol tage si llu"FumlmmeaCt ion unit including:
10 . .an eloﬁﬁ%ron beam pol ! : ity of Operlllc'?/?(ixé _
lal ong the surfal@BP%Phe el ectron beam pbl € ahd ROPIGT2al ity
of discharge cells for each opening, the ~ discharge cells being

di sposed to face the correspondi 15 cPREM: sf:or generation of the

el ectron beamt herebet ween, the @%‘Teg‘mn—b'eqz%e _ n the discharge cells and
t he openi ngsidef iz npparatus EGACEEARITROIHARPMER] OUHFaMaB st EE gaﬁ bravel s.
i2.  The apparatus of claim1 wherein: the el ectron beam pof e has
:an annul ar  stapadiatdngheche gasperithgsarar eléarmed bsaayndthde appavhensval |

of the electron 20 beam pole; and the discharge cells are
st acked and TAEH &S has an el ectrode tip pointing toward the

cor r espondi ng openi ng. . n_apparatug of claim1l wherein:

the el ectgon bea% p@ocglé:aﬁaes gf%‘jigﬁﬁf’ r?‘?ﬁ pé,aztfﬁfict% ??ﬁemm?eza\b?h

el ongat ed angr-&eRRSCAnAt nfH" Bk \NQl§ Wi respec o] e
radi al axis oféiit he el egt roifalg beam%rggl e; Q%adfm the discharge cells are

{stacked and al i gredeatongh tdifit coupDéd azPendiwd tabengaiaRgniuage a9d each
cell has an el ectrode 30

WD 00/ 06289 receive the high-frequency and highPCFOKROSE 0GFgRal, théi p

poi nting toward the correspandj,ng el ongated openi ng. 4. The apparatus
of claim3 vﬁleécé:ilﬁneﬁﬁﬁtd’r'g cel | of the stacked discharge cells
for eachigpening is radi f t he_adj nt di scharge cell
fby a pr edgfi ned ang| eglgnéa'ﬂt%éeﬁr%;%ﬁ%%?l _eo =i Lé‘%;%’ fofg‘rlh?ffty o g}?eml*?%s
japparat us ofalingi Ehé, sitfdNelofCORBr &SeMrAN LRAR W e; and

a plurality of discharge cells for each opening, the
discharge cells being disposed to face the corresponding
opening for generation of the electron beam therebetween, the

15 region between the discharge cells and the openings defining a
reaction region through which the gas travels.
2. The apparatus of claim 1 wherein:
the electron beam pole has an annular shape and the
openings are formed around the annular wall of the electron
20 Dbeam pole; and
the discharge cells are stacked and each cell has an
electrode tip pointing toward the corresponding opening.
3. An apparatus of claim 1 wherein:
the electron beam pole has an annular shape, and the
25 openings are elongated and disposed at a predetermined angle
with respect to the radial axis of the electron beam pole; and
the discharge cells are stacked and aligned along the

corresponding elongated opening, and each cell has an electrode
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power supply unit coupled to the voltage—generater—and-the reaction

unit to supply the high-frequency and hj | t age signal to the

gl ectron beam pol'e, the energy power suﬂm" Mﬂ"ﬂ“ﬂ""l‘" | udi ng:

¢entral frame sé¥QP¥WP0 the el ectron b pennll R 1 18 a PETEKRI¥ETd

éo the plurality of discharge cells and surroundi ng the central frane;
nd a couplin nber. coupling the central fra to the case. 15
. The appaFﬁPug°g?t¥$§Jg% ,rQMggFeFﬂrfkﬁP?ﬂﬁhﬂgiﬁ °ﬂ%ﬁﬁé§a°98nln€onprises:

a central shaft s r ron-b e. . paL¥+ 0
rei nforcing ?Haftgﬁ%ra s%éﬁ%e ;ﬂiS%%%QGBtgﬁg%?ﬁé eaChegﬁﬁfﬁg thé%%n%ﬁal

shaft; 20 the stidkddldik¥hatge N1t 86 tRIH Bpdsim tachedidni Ppekhsends

pf the reinforcing shafts and %aving outer surfaces secured to t he

case; and from thenadjmrent idipcharge ndeldl byatt predefimedrmrgliecinathe

sur f ace of the case in an insulated state and connected to the central

p5 shaft ih F2@FRIEELFVEStZM%, for supplying the high-frequency and

i gh vol tage sign fromthe volia ener at i unit to.the el ectron
eam pol e 5 §"hey B8N Do SOPART ThiAhetl donbBisiRy; gy EnSELY
ponpr essed ower supply unit coupled to the vditage generat%FVXQ@/9§§89

Q

PCT/ KRO8/ 00272 alT supply unit for supplying conpressed air to the
Feaction reqegion. unit t8. suppEy aphar Bigls- ffeclenictn dndWhagRi Roll bage
conpr essed air generated fromthe conpressed air supplying unit is

buppl i ed 5 aignaligie thhe edergyopdveam pappl vile) emeirgy power GuppAyvehitige

;eneratorlgo%mgﬁggggéing a hi gh-frequency and

a central frame secured to the electron beam pole;

a case secured to the plurality of discharge cells and

T surrounding the central frame; and

a coupling member coupling the central frame to the case.

15 6. The apparatus of claim 5, wherein the coupling member

comprises:

a central shaft secured to the electron beam pole;

a pair of reinforcing shafts transversely secured to both
ends of the central shaft;

20 a plurality of insulator terminals attached to both ends
of the reinforcecing shafts and having outer surfaces secured to
the case; and

an energy input terminal, attached to an external surface
of the case in an insulated state and connected to the central

25 shaft in a conductive state, for supplying the high-frequency
and high voltage signal from the voltage generation unit to the
electron beam pole.

7. The apparatus of claim 1, further comprising a compressed
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hi gh voltage signal for use in producing an el ectron beam conpri si ng:
a boost transfornmer having first, “mﬂﬁnﬂkﬂnﬂuﬂmmlj primary 10 wi ndings for
recei ving an AC su&p/)l y voltage, a i and third secondary
wi ndi ngs respec U288 ssociated wth the ® ° first, second F&TERBL2
primary wi ndi ngs; a first input oscillation circuit coupled to

the third primary. w ndi and adapted to _generate an input oscillating
15 signal ; ail s1‘11)1:’%/1‘[fliu'lllﬁsl:t r%’lft ﬁl‘fppg%&q ot 5%8?89 g ??1% tfr}?‘? szfeaézgéﬁﬁdary
wi ndi ng and Q.g%p‘t,g'd to generate an output signal having a DC vol t age of
at | east one kV; and a second out put section coupled to the second
secondary 28.w ntheigappsraciapt 6f thagene| akbeepil thd Tompaksbayi agra peak
to peak pulse width that is greater than the input oscillating si gnal ;
t he out puts génehatdd rixromtihsuicospresand aire stppdvineouupitt is suppdtiedn and
the third _secondary w nding being coupled to each 25 other to generate the
hi gh- f reqéenE?r%H‘\%Q‘/l‘ﬁr&n ¥gROEG Ty BIPPLYing WHE . The vol tage generator of

claim9, furgher goppyd.sin sgcond oscil.latiop.cireuit includi.ng a
capaci tor an%’a r%s@%a?de %e%eggﬁﬁlécfcgﬁ E?Qr? eg':(é;’lrt |ue1 %egﬁ@kkn ]%%%letn% éﬁgs of

the first pryfghyvoltage signal for use in producing a®2 electron beam, VO

‘00/ 06289 PCT/ KR98/ 00272 wi ndi ng.
11. The vol t agepmisiaregt or of claim 10, wherein the capacitor of the
second oscillation circuit includes a Mylar capacitor havi ng a

Wi thstand vol t age® &Pogt veapriarmiesharaoatisstppppcond ang| thied rrHaary| ar

gcapaCI t OrlObexlr:QQdfx%se lf%%drgge:%]iﬂgn Salrj1| 2& esdupply voltage, and first, second

? and third secondary windings respectively associated with the

first, second and third primary windings;

i a first input oscillation circuit coupled to the third
primary winding and adapted to generate an input oscillating

15 signal;

a first output section coupled to the first secondary
winding and adapted to generate an output signal having a DC
voltage of at least one kV; andg

a second output section coupled to the second secondary

20 winding and adapted to generate a pulsed signal having a peak
to peak pulse width that is greater than the input oscillating
signal;

the outputs of the first output section, the second output
section and the third secondary winding being coupled to each

25 other to generate the high-frequency and high voltage signal.
10. The voltage generator of claim 9, further comprising a

second oscillation circuit including a capacitor and a resistor

connected in series between the two ends of the first primary
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case and nol ded with epoxy resin. 12. The voltage generator of claim
10, wherein the capacitor of the second oscillation circuit has a
capaci tance of less than 1[err]F. 10 13. The vol tage generator of

cl ai m 10, whér eva oe/bsesy esi H'H'I”Mrl"“culllu first oscillati onPCT/KBI#R2T2s a
ceram c variabl e resistor, il ! nes a charging/di scharging tine
constant with the capacti tor “cofnett €d t hereto. 14. The vol t age
generat or oiBAAPEr O, further conprising a 15 third oscillation circuit

including a,trig 'ﬁg c %Qled Q t.he . .secon rimary w nding.
15. The vol tlté'ge ggée‘?% o‘rsgeo% C glafr"n&iff vﬁ%earlgi r@t’ h‘gh%n rndr{%e caB%%’l“?‘?’ét I on
circuit furidyerneOBRELAGSoSc CRRAGIOiGRURE edncludesPA Gl 883 akhBaB8EPAG
primary winding and has a wthstand voltage 20 of at |éast twce the AC

supply vol t ageing a wifthsthedvoblegse geneatt deasf tlbdan the her gupple
first input oscillation circuit conprises: a pair of
capaci t ors codAteseedthe Mplaescépacimr theingushielded| by an dhsulatedippl y

vol tage, the common node of the pair of , 25 capacitors being coupled to
gr ound. cage & em?/}é?dad’étﬁeﬁ PEY oFSHf-claim 9, wherein the first input

oscillation 19i.rcﬁié£t€\§ig§e5%§herator of cala[?ﬂ &09fw19&%9f. Eﬁggcgﬁgé‘%éfd in

series between t
WD 00/ 06289 of the second oscillation circuit has BCLaBROSLANL %of 1ess POl €S

;of the AC supply voltage, the comon node of the pair of capacitors
bei ng coupl e¢tattolgFound; and a transistor coupled between the
third primary w ndi ng _and ground and having a control input coupled to

one pol etbf 1Bhe Eee Volteggpespemiicsgef claim 10, wherein the resistor o

the first oscillation circuit is a ceramic variable resistor,

and determines a charging/discharging time constant with the

capacitor connected thereto.

14. The voltage generator of claim 9, further comprising a
15 third oscillation circuit including a trigger diode coupled to

the second primary winding.

15. The voltage generator of claim 14, wherein the third

oscillation circuit further comprises a capacitor coupled

across the second primary winding and has a withstand voltage
20 of at least twice the AC supply voltage.

16. The voltage generator of claim 9, wherein the first input

oscillation circuit comprises:

a pair of capacitors connected in series between the two

poles of the AC supply voltage, the common node of the pair of
25 capacitors being coupled to ground.

17. The voltage generator of claim 9, wherein the first input

oscillation circuit comprises:

a pair of capacitors connected in series between the two
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§L8. The vol tage generator of claim9, wherein the fiTsSt Tmput
oscill-ation circuit conprises: It l('"mm'ﬂmLors connected in
, t node
: PEr/RRIRE2"

eri es between t pol es of the
f the pair of %g)&é’é\l%g%i tors being coupl ed to grotind®  *
ransi stor coupled between the third primary w nding and ground; and

capaci tor e £behdeen Rpp2Pt ¥l tdd2RUEnOfcdifi®n node I&ARHSHAL 3G
ground. 15 19. The voltage generator of claim9, wherein the first input
oscill ati on orapagitocsnbeisgscoupled to graupiki andf capacitors connected in
series between the two pol es of the AC supply voltage, the comon node
of the pair of a trapabster sourl e bebuper Fhectfslpyimayy windingzandir of
esi stors connected in .serjes between one pole of the AC supply.
ol t age and RGO 2PAJIFEHYSaT THRTRG Lot BBHGIRLed b gRe Rl €5k RBgIC

transi stgr bpq,oggg%%an the third primary w nding and ground; and
5 a capdacli tor coupled between a control input of the

ransi stor ang.theheotBPradwdRnelat &8 dRcladh J,WhekeiS the £irde. idh\e:
vol tage generator of claim9, wherein the boost transforner includes a
ection bobbiosaiilafioh ¢tiecwitndongsises: :

4 WO 00/ 06289

CT/ KRO8/ 00272 & PaifpphcaRicdtrRe fRmaRsteds ip sesigmpbestyernskhe | Bie of

he bobbin i S =300 | ess 21. . JThe voltage.generator _of claim
. wherein of& te&r %fna ®4 < Sg%plye‘é% tagfe'tﬁréeﬁ'?r“%on s Wi Rai ho

R SRR AT v % RATAGE i s
poupl ed tpp griaditord beéng cBUP1¥Al ta8agrdigigerator of claim9, wher ein

he third a transistor coupled between the third primary winding and
ground; and
a capacitor coupled between a control input of the

i transistor and ground. '

15 19. The voltage generator of claim 9, wherein the first input
oscillation circuit comprises:

a pailr of capacitors connected in series between the two

l poles of the AC supply voltage, the common node of the pair of

| capacitors being coupled to ground;

20 a pair of resistors connected in series between one pole
of the AC supply voltage and ground, thereby defining a common
node therebetween;

a transistor coupled between the third primary winding and
ground; and

25 a capacitor coupled between a control input of the
transistor and the common node of the pair of resistors.

20. The voltage generator of claim 9, wherein the boost

transformer includes a section bobbin on which the windings are
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‘secondary wi nding has a draﬁéréf’§ﬁﬁTT€?—fﬁah the two ot her secondary

i ndi ngs, and the nunber S greater than those of the
wo ot her Secp“%%m\%s?d' n !ﬂmﬂ“m “mwvol tage generator ol clghmyd
C GO

urther conpri lkngLuny t sat tached to the boost

revent overheat| ng of the boost transf or ner. 24. The voltage
ener at or of welid Mahd Wher aufibbheof itighs08bPUbach secteohi 8P @Mdb‘b% a
pIurallty of series-connected snoot hi ng circuits, each of whic

i ncl udes a hn-ghS(W)ICtzag@ssect ifying 15 diode and a high-vol tage

capacitor, for rect|f¥ and smoot hi ng t he out put voltage of the
f i rst second&?y vﬁ'}?ﬂji"ﬁ’é age gewatpﬁeoﬂocplaezgwgevmmm opk tewmtinad ofher ein

ith t he h I d
butput - B&Th oicHBr CPREer PR HmGLReT off ISV Te: &F SR nat of
20 the hisghy yol A ¢oNAd Q ezpéasagtﬁ!r%efd SN, ARhELOD LIE  cnizqOllt PUI

t erm nal of the first output Sect tage generator

claim9, whesetdnddrs sde@idg has QUTdﬁHﬁxeﬁéﬁtéﬁllié&C'tl!ﬁ%S_the two oth@rfl rst
snoothing circuit including two parallel-connected 25 diodes and a

capaci t or cosptentiatyewdndings, and themunbpedaficeurrsd chiergofold greapked to

the first snpot hing circuit; and a second snoothing circuit
coupl ed to tHea} HiEgene€ the two other secondary windlngs 35
WO 00/ 06289 [ KRO8/ 00272,

mat chi ng coi - and 1ncIUGRRS SRCFaECENAE c%%’d%\c? 1 otUrther SPmpRifipgf gas
cl eani ng;get hosh £y GeAUCLPEaMMAT Hb the 'H&Qrsﬁd't‘i'&}ébemé“PSES %g%st B of -

Jlrradlatlon with an el ectron beam t he net hod conprising t

5 (a) cventerdtiing afi £ke Shyysty tvahkfgemdw,. a hi gh DC vol t age,
24. The voltage generator of claim 9, wherein the first output
section comprises a plurality of series-connected smoothing
circuits, each of which includes a high-voltage rectifying

15 diode and a high-voltage capacitor, for rectifying and

smoothing the output voltage of the first secondary winding.

25. The voltage generator of claim 9, wherein the capacitance

of the high-voltage capacitor positioned near an output
terminal of the first output section is greater than that of
20 the high-voltage capacitor positioned further away from the

output terminal of the first output section.

[,

26. The voltage generator of claim 9, wherein the second
output section includes:
a first smoothing circuit including two parallel-connected
25 diodes and a capacitor coupled thereto;
an jmpedance matching coil coupled to the first smoothing
circuit; and

a second smoothing circuit coupled to the impedance
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.an oscillating high-frequency high vol tage signal, and a high-

.frequency high voltage ring waveform sig ) conbining the
.hi gh DC vol t age E’ﬁﬁ cil I ating high- ”“I"H Huuu ml "Im QH}?&S&I .gnal
.and t he hi gh- fr 33; 10 vol tage rtng wavetorm si gnal uce
final signal of h| gh- frequency and hi gh vol t age; (c)

lappl yi ng the fhpahis gRal eﬁa%ﬁcfu&%@mapehsa@%d a cdpaehesge cells to
generate an el ectron beam and (d) irradiating the electron beam

agai nst the waste masharifupasgasgclibanimd aethadtifor r egdosihgt Weamtule
beam pol e and the di scharge cells. 28. The harnful gas cl eaning
met hod as cl aiRgdedientisiim vgste gasyhygrirrpdiksing wilgplep edechrpn bean,

.Si ngl e- phase Ag volta e of 100- 250V, and_of 50-60Hz. 20 29. The
Qharrrful gas cf ﬁﬂWﬁa’ (RBRTLEIRS e FEPRSCPEI m 27, further conprising

,Lhe step ofy suppl ykapgt hg@%g@?ﬁﬁdar?hﬁ Err%%éggvolta{qga&; o Oﬂméﬁ%é’%éﬂa%pe‘j' te

.radl cal react i ons ents”in the
36 an oscillating high-frequency high voltage signal, and a high-

frequency high voltage ring waveform signal;
(b) combining the high DC voltage, the oscillating high-
frequency high wvoltage signal, and the high;frequency high
10 voltage ring waveform signal to produce a final signal of high-
frequency and high voltage;
(c) applying the final signal across a beam pole and
discharge cells to generate an electron beam; and
{d) irradiating the electron beam against the waste gas
15 passing through a reaction region between the beam pole and the
discharge cells.
28. The harmful gas cleaning methoed as claimed in claim 27,
wherein the AC supply voltage is a single-phase AC voltage of
100-250V, and of 50-60Hz.
20 29. The harmful gas cleaning method as claimed in claim 27,
further comprising the step of supplying compressed air to the
reaction region to expedite radical reactions of the harmful

ingredients in the waste gas.
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