WO 2006/ 115767 PCTI US20061013445 TITLE: RI G D ELECTRODE | ONI ZATI ON FOR
PACKED BED SCRUBBERS BACKGROUND OF THE INVENTION 1. Field of the Invention
The preseWO 10p&/H57670n rel ates general ly to a system and HFH¥Yr44enhanci ng
particulate 5 collection fromthe gaseous exhaust stream of an industri al

pr oce WTLIH ARIGIR HiECTRODE [QNIZA TIONFORBACKEDR BEDSCRIIBBERSeby t he
collection is enhanced by charging the particulate and wutilizing electrical

forces to increase coll QIACK@ROUNP@WPHEWTI@NH system 2.
Description of the Prior ny 1 ndustrral processes, particularly

therng 0GP Fins viﬂﬁgnas the incineration of waste materials or high
ratEE-r'e—p-r-th@ch—o-n- f materials such as glass fibers, emt small or

sub m cron-sized particulate in thelr gaseous t str am, whic

parti cul at Pé’r?%e?trﬂﬁY‘Fn}londélﬁE@ denee Shﬁ’zaa%mmﬁi/( WBEtPéthCUIate
Protecti on Agency and regul ated as such. Accordi ngly, there has | ong been a
ne®2d tollectipstfome the gaseotsh exfsausivstraanmof amdndvisteial peocesss whdtneore Ifrticudaryt toe
exhaust streamprior to its entry into the atnosphere. Various systens for

el ect kgt akystahlayid Ghethed Rbetdde thetblicetibRiscedhancedoige bhaigingl tap editiclathandas
described in U S. Patent App. No. 20040139853 which was publ i shed on July

22, Zgﬁﬂzmgefe@@lcalnﬁ[%s%11?@3969@0116 onax'n alked vR sny the el ectrostatic
cleanlng of gases an for t eration thereo I'scl oses an
apparatus conprising three-conduit sectlons. a ionization and 20 cl eani ng
section in which the particles contained in water-saturated air are ionized

and then conducted through a chanber with grounded walls so that part of
t he pwﬂwm on these walls; an additional cleaning section
whi ch includes grounded tubes past which the gas is

10 Many industrial processes, particularly thermal processes such as the incineration of

waste materials or high temperature production of materials such as glass fibers, emit small or

sub-micron-sized particulate in their gaseous exhaust stream, which particulate is normally

considered hazardous by the Environmental Protection Agency and regulated as such.

Accordingly, there has long been a need for systems and methods for removing such particulate
15  from the exhaust stream prior to its entry into the atmosphere.

Various systems for electrostatically charging the particulate have been developed, such
as described in U.S. Patent App. No. 20040139853 which was published on ;Tuly 22, 2004 in the
name of Bologa; et al. for “Apparatus for the electrostatic cleaning of gases and method for the
operation thereof” discloses an apparatus comprising three-conduit sections: a ionization and

;20 cleaning section in which the particles contained in water-saturated air are ionized and then
conducted through a chamber with grounded walls so that part of the particles are deposited on

these walls; an additional cleaning section which includes grounded tubes past which the gas is
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particles; I]ter section in which dry remaining fine particles are
r enoved f%ﬁlﬁﬁ( 153 Js stream It should be appreci ated th‘é@T@ﬁg’W@%‘ﬁen}s f or

el ectrostatically charging particulate matter has | ong been known in the
i nduseanguctedto esaeyd additiprsl changed paiticles5ar88 filigo sediionhini whigh dlry sem@ningndgr en
et al. on March 7, 1995 for "Electrostatic precipitator assenbly"”

di scl fisesartitlechre céhovddafirord the ga3ispedrat or assenbly including a tubul ar
coll ector and an el ectrode suspended therein, wherein the el ectrode
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Two npre exanples of electrostatic cleaning systenms are shown i.n U S. Patent

No. Bunsigrenoet \ghi em Mahed d99ChvrerBlscionstalsyRisppitatps asgapblyt gliscloses an

"Electrostatic gas cleaning apparatus” and U. S. Patent No. 5,282,885 which
i ssuetledtmstBtingrecipitator-essemdly idcludif®4 fubnlar "dellector aad i elegtasdec busperided
process and apparatus" both of which disclose processes and 15 apparat uses
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condensation equi pnent are conbined to provi de a cl eani ng apparatus that

o0 Syl oA BB o BB E PR R P g 1
oL 0B B0 2083 i Lol RErL P e char gl ne,and berti £he, ol ecting whi cf
RO e Clectrods andme colidator, | 0 C
Two more examples of electrostatic cleaning systems are shown in U.S. Patent No.
5,364,457 which issued to Cameron on November 15, 1994 for “Electrostatic gas cleaning
apparatus” and U.S. Patent No. 5,282,885 which issued to Cameron on February 1, 1994 for
“Electrostatic gas cleaning process and apparatus” both of which disclose processes and
15  apparatuses for collecting particles or droplets in which a charging device and condensation
equipment are corﬁbined to provide a cleaning apparatus that operates at a cost less than
con\'/éntional apparatuses.
Another example is U.S. Patent No. 4,265,641 which issued to Natarajan on May 5, 1981
for “Method and apparatus for particle charging and particle collecting” which discloses a
20 method and apparatus for charging and collecting submicron particles whereby the particles are
charged by a needle-to-plate ionizer having offset rows of needles which are spaced from the

plate. Charged particles are collected in a collecting section having a deflector electrode and a

pair of collecting plates wherein the deflector electrode includes a conductor embedded in a



charged by a needle-to-plate ionizer having offset rows of needl es which are
spaced fromthe plate. Charged particles are collected in a collecting
section ME2061K7¢fef | ector el ectrode and a pair of col PEPUPHEOHE4tes
wherein the deflector electrode includes a conductor enbedded in a -2 WO
2006MilEny 1RETAISAOGaS 04 3didibctridi edmstant i greatert ¢hanall, hehichgdialeditiel awteriak
constant greater than 1, which dielectric material suppresses arcs between

t he depdretdirceb@tictntiR RALctbhelesfddend HitoPkaimSlates) yet anot her exanple,
U S. Patent No. 4,222,748 which issued to Argo, et al. on Septenber 16,

1980 f TEl ' I fi : i ng"
i scl oses I8 Eh Rk e Lo 2am e YTe STk B e ™ oy
' ' t fib ked t b | ect t at i,C,. oni zi
i ol QonigiRe £6 R0 Rt hierhetfially SE5eE Boathea i Bebeldibbariudlipedn (o
particul ates, and irrigation neans for the fiber bed, and optionally the

g? ouAd éPpetatist inekdingos grerendstdlifer dwdaafi 80 tedAQ0 Bicymn pyerege Hiamsterciiarect ed
particulates fromthe fiber bed and optionally fromthe grounded

el ecpackdddo al edppe rebdcirostatip ar ionizihgtfiekl meanscipstrgmd dfthd fibehbedetoeplhceost at i ¢
means and the charged particul ates are collected in the fiber bed where the

el ectlecgrhl D6n ithe Phrtichlarkshd RASHIDA hésifof tHRafibddDhed! ahd dhfaially Ghe at es
m xture so that no significant space charge effect is allowed to develop in
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particles, and el ectrostatically charging particles or ionizing gases for

@ o thengleciostadioi maartssarfd the gasgesit pastiondates atel edlledtedcinobesfihendedsehae the

vent lélrelc:tr;[cgl charge is dissipated through the irrigating liquid/particulates mixture so that no
significant space charge effect is allowed to develop in the fibers of the fiber bed and re-
entrainment of particulates is avoided.

The use of a venturi to increase the velocity of the gas stream was taught in U.S. Patent

15 No. 4,110,086 which issued to Schwab, et al. on August 29, 1978 for “Method for ionizing
gases, electrostatically charging particles, and electrostatically charging particles or ionizing
gases for removing contaminants from gas streams,” which discloses the use of a venturi to
increase the velocity of contaminated gases and guides the gases past a high, extremely dense
electrostatic field presented perpehdicular to the gas flow and extending radially outward

20  between a central, accurately sized disc electrode and the surface of the venturi throat.
Downstream, charged particles are collected by a wet scrubbing process or electrostatic

precipitator. A similar device is disclosed in U.S. Patent No. 4,093,430 which also issued to

Schwab, et al. on June 6, 1978 for “Apparatus for ionizing gases, electrostatically charging




I ncrease the velocity of contam nated gases and gui des the gases past a

hi gh, e e nse electrostatic field presented p | to the
gas floéﬁgﬁgﬁgéégﬁding radially outward 20 between a cgﬁﬁﬁgﬁ#&%%%&gately
sized disc electrode and the surface of the venturi throat. Downstream
char gadiclsar and eleetrastasicelly Icharging particlesver iadzingighsey for serveving rcontaginantsst at i ¢
precipitator. A simlar device is disclosed in U S. Patent No. 4,093,430
whi clfroad g stresietl to  Schwab, et al. on June 6, 1978 for "Apparatus for

i oni zing gases, electrostatically charging -3 WO 2006/ 115767
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I oni zi ng gases rempvi ng ¢onfaninants fromagas streams." Similarly, U S.

Pat ept No. ,4. 072 477 .wWhi ch issye 0 _Hanso t.al. .on February 7 978 for
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precipitator, which operates on 5 the principle of tual repulsion of

char gedringiple Qfcmutugl senwlsiom et ghatged Paricksita 3 meo@ég; Fphmherein theaslid gas
streamenters a collecting section where additional particles in the form of
dr opbpettisle ladenrgid streaat emtersaa eollsttieg tsectionnwhdre additionelf partitiemdén $hpy foymi o 0 t he
solid particle laden gas stream and the solid particles and the additional

par t dedpiss, AofmalyewhtetSré tniscadd i O asrBest £fiid§irapinto GRnvotiatjacivdd laded gixa or by
injecting the droplets froma charged nozzle and as the charged 10 particles
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fromthe precipitator. In the 1970s, Ceilcote APC devel oped the |onizing Wt
Y r upwrdieles pogs) thraygh dbe gesndehsection of the precipitator, a fraction of the water particles

and solids are forced to the grounded wall by electric fields created by the space charge.

Precipitated solid particles are entrained in the coalesced water which runs down the walls and is
drained from the precipitator.

In the 1970s, Ceilcote APC developed the Ionizing Wet Scrubber (IWS) to address sub-

15  micron particulate removal from gaseous emission streams. The IWS system is described, in

U.S. Patent No. 3,958,958 which issued to Klugman, et al. on May 25, 1976 for “Method for

electrostatic removal of particulate from a gas stream” discloses a method including a packed

wet scrubber through which a scrubbing liquid such as water is flowed vertically downwardly

and through which gas to be cleaned is flowed in a direction transverse to the direction of flow of

20  the scrubbing liquid. The stream of gas to be treated is ionized prior to its flow through the wet

scrubber to provide particles in the gas stream with an electrical charge of a given polarity, and

upon flow of the gas stream through the wet scrubber, the charged particles in the gas stream are

carried into close proximity with and are attracted to the scrubbing liquid and/or packing



15 mcron particul ate renoval from gaseous em ssion streans. The |IW5 system
is described, in U S Patent No. 3,958,958 which issuleg,,f./bgm@?/blg n, et al.
on May 0200605 76%r "Method for electrostatic renopval” of particulate froma
gas streani discloses a_ nethod including a packed wet_ scrubber through

whi Eleraenisas dissalg of rigariionsfosees betwagn dhe chorged pagirlescand;the plegirigaknogatal vy and
t hrough which gas to be cleaned is flowed in a direction transverse to the
di r gatkiog elefnehismnddiquitld) Abmmdardebioe mgs disglosetl inTh.S. Bitertdo. 3879 258 twehitle
treated is ionized prior toits flow through the wet scrubber to provide

par tigstb®® Kllghhe daSoshpgrmMiysh an el ectrical charge of a given polarity,
and upon flow of the gas streamthrough the wet scrubber, the charged
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A simlar device was disclosed in U S. Patent No. 3,6874,858, which issued

t o Keliestion methods have peapriilized, butghey fallrbortghesyosileetingopasticidete am the sub-

el ectrostatic charge section followed by a packed bed 5 collection system
Thi snisyost sive vaspey eMyi-Memhbhe Xleoslopezix p allsud €hambep Scaibber (Rdtart #15¢47423st ati c
col | ecti on nmet hods have been utilized, but they fall short when collecting

par t5og1463) Gytlich hiizes timﬁzmoﬁr&z)aﬁicaﬁté A0Reshl Electile, FARWEAMS QIREdh & oud
Chanber Scrubber (Patent # 5147423, 5941465) which utilizés ionization of

par tg N T gl ectrode, followed by collection on finely atom zed
R !

i qui Shal | be appreciated, the prior art fails to
18peci fically address either the problemor the

As shall be appreciated, the prior art fails to specifically address either the problem or the

solution atrived upon by applicant.



solution arrived upon by applicant. -5 WO 2006/ 115767 PCT/ US2006/ 013445
SUMVARY OF THE | NVENTION This invention is intended to offer distinct
advant a@ges2000/€i57¢xi sting air pollution control techn®GIUEEOEY3HEI | as
advant ages over the ionizing wet scrubber technology. 5 In relation to the

overall air pollution cSUMMARYOFETHE INVENTIONNti on of fers the foll ow ng:
It is a primary object of the present 1nvention to provide a system and

met hod f g4, : neis: [ s GO | j 4356 : stream
by char g?[r}lg 1? e ggrl??%ﬁﬁjg?égg?@ &Sgﬁtiaglg&rlr%%ﬁg(]%}ﬁsttrl caf@%%gg&ﬁ%di ncrease

collegcti.on in a packed bed scrybber. system Jt is.another object of the

o e LR IPRGk i Tk oY SR G BT Shi e Rraber s ABRE e 1 s 10 capabl e of
col l ecting even sub-mcron sized particles. It is still another object of
the present invention to provide such a systemand nethod that reduces the
install ed cost over conventional electrostatic scrubber devices. It is yet a
5 ur Imeelatidn) tctheaivetdibaippetiation comeol indastiy thisdnvadionunffers tise/follewirgad net hod
wherein the charge section is separate fromthe collection section, thereby
al | owi ngrtf @ra tphigharyt DbFRE lBGhé gﬁ‘es@ﬁt RavehtiGil bR bfovadi a OdyiRin aAMtndthdBdrS, such
as acid gases, condensable and soluble VOCs, etc., at the sanme time and

usi _ :

col PepEs TARRRR LOMEHby SAFR AlRiolD o AL BY FRAEMBIEE paffubiifiod. |,
provj.de sych.a s em gnd net hod. that, use concentric tube arrangenent
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further object of the present invention to provide such a system and net hod
t hat It is another object of the present invention to provide such a system and method that is

10 capable of collecting even sub-micron sized particles.
It is still another object of the present invention to provide such a system and method that
reduces the installed cost over conventional electrostatic scrubber devices.
It is yet a further object of the present invention to provide such a system and method
wherein the charge section is separate from the collection section, thereby allowing for the
15  collection of particulate and other contaminants, such as acid gases, condensable and soluble
VOCs, etc., at the same time and using the same equipment, when using a packed bed scrubber
as the collection section.
It is yet another object of the present invention to provide such a system and method that
uses a concentric tube arrangement for the charge section using a rigid threaded rod electrode.
20 It is a further object of the present invention to provide such a system and method that
uses a short profile charge section to minimize any collection of particles which would

negatively effect the charge section performance.



uses a short profile charge section to mnimze any collection of parti cles
whi ch would negatively effect the charge section perfornmance.

2006/ 115WO2MI1F1932006/ 013445 It is al so an object of tl*ri‘éf/%?Z@%ﬂél}%?““anenu on
to provide such a system and nethod that uses a vertical countercurrent
desi gn whltdhalse dnobject dfehapresent énpentiemto provide kadhi sy stem tidmethiod thatysdsoni zi ng
wet scrubber technology, this invention offers the 5 followng: It is

anot §Qértiedl] RGhteRurreRddRIpRSHIIEL tdaubdtth®sreh Beqpie¥i de such a system and net hod
that reduces the operating cost over conventional ionizing wet scrubber
technology. It is a further object of the present invention to provide such
a systemand nmethod that reduces the equipment footprint as conpared to

convgnt i n.al 0 2| ng et sctubber te t i.Ss also ap aobject of
Che BF abBEn, {0 i eBRuRE ToRAR L schibes, EFlinane fhis iBueRa, Sfadobls ( he
conti nual rral ntenance associated with the nultiple plate and wire design
cﬁJrrfé’MOWﬂ&used in ionizing wet scrubbers and sone el ectrostatic scrubber
technologies. It is another object of the present invention to provide such
a syst em Hrisl anethtwodbjettadf the gesenty Inventidnctal prgvide sdcls ectystens andatethodtthatn
irrigated plates to elimnate the requirenent of constant 15 flushing of

the RUBRIH S AIRVRDsPRet coiedtibnd MhikifERet HulRATIBNSESS.1 ON dry and al I ow
nore consistent hi gh vol tage supply to the ionizer sec i on. is still

anot her Oﬂllﬁﬁtﬁx&ﬂ iacgeg %rek%ﬁ\églw Sh'tcP P pidv e dﬁgl nofs%)&teih i%éh%fﬂoﬁ’%ﬂatmt hod
I
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t hat uses eavy urre const

t ensi n|n ace of wire ectrodes \A{] li’l roneto br ae |n
cert® Hceé r{umq footprint as compaled to conventiona 1omzmg et scrubber tec .
10 It is also an object of the present invention to provide such a system and method that

reduces the continual maintenance associated with the multiple plate and wire design currently
used in ionizing wet scrubbers and some electrostatic scrubber technologies.

It is another object of the present invention to provide such a system and method that uses
cylindrical ground sections rather than irrigated plates to eliminate the requirement of constant

15  flushing of the plates to remove particulate and keep the charge section dry and allow more
consistent high voltage supply to the ionizer section.

It is still another object of the present invention to provide such a system and method that
uses heavy threaded rod electrodes which do not require constant tensioning in place of wire
electrodes which were prone to breakage in certain applications.

20 It is another object of the present invention to provide such a system and method that uses
fluid bed packing which is self-cleaning and will thereby not plug as particulate material is

collected from the gas stream.



20 I't is another object of the present invention to provide such a system
and nethod that uses fluid bed packing which is self-cleaning and w |

t her eby wot20p/11g7aas particul ate material is coll ect ed FGTAPR2000013H8 st ream
-7 WD 2006/ 115767 PCT/ US2006/ 013445 It is still another object of the
present ihestll sivtlier obieey bfihe prssbntaneansios o prodideatublod sidtert and metivsl thite
concentrated solids to be collected into a slurry formand thereby mnimze

the hidwy fle cHRGhE2Q8161E B lWileRt8d BRE b alrR forthtani $h &80 hﬁqﬁnﬁﬁ @eligefd t he

present invention to provide high velocity ionization of the gas stream
m ni gl zl Lesl .time in the charge section. This also mnimzes
part%ﬁ#ggééag%fiﬁz@d&ﬁ%&ﬁ'the charge area where it wll reduce high voltage

input. It_i,s yet another object to allow eas etrofit qf .exjstin acked
bed scrubBdt anaiherabinch gt the Ripseptimverian, temr?*ag%ﬁwgﬁ@@%ﬂ?méﬁwgﬂé Hedhsval . 10
To the acconplishnments of the foregoi ng objects and advantages, the present
i v esitdapn minimizing the residerse ytinoo fp thesedwrgmsaction.z iTigs plap trhinimizes padicelbtser f or
the renoval of particulate froma gaseous exhaust stream said scrubber

conpedikectién invifle sieEté MRS wherecibailltdigcskighivoRagyidp@. col | ection section. The
charging or ionizing section conprises one or nore short cylindrical

tubul ar gﬁq’wa 2RDBBOSY;S tQ@ﬁﬁ?We%}' &u&hﬁ&fiexﬁslﬁ;]gzﬂa&dmeq g f_fl_u;B%e{s egadengandi ng

t hrough the tenter 157thereo t ransf or ner ctifier IS provided to
suppé to thﬁ el ectrode such that the cylinder walls
a

hi gh..vol t age DC _power,
act al}érg%%c%?rb It g%ce@ﬁgtb%at%re%qvg to formon the threaded rod el ectrode.

As the gas stream passes through the current flowng fromthe electrode to
the cylinder walls, the particulate contained within the streamis

el ectrostatically charged. The

10 To the accomplishments of the foregoing objects and advantages, the present invention,

in brief summary comprises an ionizing particulate scrubber for the removal of particulate from a
gaseous exhaust stream, said scrubber comprising twok sections: a charging section and a
collection section. The charging or ionizing section comprises one or more short cylindrical
tubular ground chambers each with a rigid threaded rod electrode extending through the center
15  thereof. A transformer/rectifier (T/R) is provided to supply high voltage DC power to the
electrode such that the cylinder walls act as the ground to enable a corona to form on the
threaded rod electrode. As the gas stream passes through the current flowing from the electrode
to the cylinder walls, the particulate contained within the stream is electrostatically charged. The
gas stream and charged particulate are immediately sent from the charge section to the collection
20  section of the system. The collection system comprises either a fixed or fluid bed packed section
which is constantly irrigated from above using a liquid recirculation system and integral sump
tank. The packed bed provides an extended surface for collection of particulate by a

combination of mechanisms. Some larger particulate is collected by inertial impaction on the



gas stream and charged particulate are imedi ately sent fromthe charge

section to the collection 20 section of the system Thepgpik@ptbBiasSystem
conpri seé”%?qoﬁ/é}ﬁgé fixed or fluid bed packed section WhIeCh is constantly

irri ed fram ahove usi a l.iquid recircul ati-on system and integral sunp
t ank hite shen SilenpabPule s AllsprenR ccotufh ke P iR tafeeielikBp Ao
particul ate by a conbinatjon of nechanisnms. Sonme |arger particulate is
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packi ng surface. Smaller particulate is collected by Coul onb force and i nmage
f or cpaclting and resirculatedtliymicheeitirahlo sllow dwemtiod sdction paedti asg gmurdddadolle@Goound
rods in the packing and sunp keep the packing and recirculated liquid

neut rféd the @h@gé@}ﬂaﬁibﬂa@n t@le4h SRGE tHeR phded®irodth #h Gt sepdrhtof t@tiontor the
charged particulate. Clean gas is then passed through an entrai nment
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BRI EF DESCRI PTI ON OF_ THE DRAWNGS FIG 1 is schematic diagram of the

i oni Pergulste ealleotion effisientbber of the present invention showing the two
sections thereof; FIG 2 is a schematic diagram of the ionizer section of
the ionizing particul ate scrubber of 5 the present invention; and FIG 3 is
a cross-sectional diagramshowi ng a typical arrangenment for nultiple charge



tubes in the ionizing particul ate scrubber of the present invention. -10 WO
2006/ 115767 PCT/ 1JS2006/ 013445 DETAI LED DESCRI PTI ON OF, OEEF
EVBODI MERPURAIE747 ng to the drawings and, in particul ar &Y thereof
the ionizing particulate scrubber is provided and is referred to general |y
by reference nineral BRIEFIESCRIERIQN QF THRBRAWINGS char gi ng or i oni zi ng
section 12 and a collection section 14. The inportance of 5 having two
separ at e $é0Ct 1 ansche@atid diageanm of thee owizimg grapivatite exrublrea ofiticshprasent invahtiamws f or
the collection of particulate and other contam nants, such as gases, water
sol ubheviagdhcmoRbsatl tBere¥®Cs, etc., at the same time while using the sane
equi pnent, provided said collection section 14 is a packed bed scrubber.
The char gi nor e
oyl i i oal Sy 2t chtidrte BB GRRe RideP RchBh of M IbilFing pardthlals SRBuoLYf
% r ode 1g 10 exten ing through the center thereof. The thr eaded rod
eo%gsef mﬁf?‘bt{ﬂndég an extremely long effective electrode Iength as the
entl re thread length is the actual jonjzation emtter for particle
char gi ng. Fi¥gh iy 8/ rasgesessongbdiserars showing cetrpics! prengsmest fodaultiplenshagge
transforner/rectifier 20, which is connected through an insulator 24 to the
el ectuhaslénﬂlaimizihypmibhlate&nﬁbasoﬂ the preserR4nvehfiolmavi ng t hr ough- put bushi ngs
are provided to support the el ectrodes that extend within the ionizer
housi ng 28 and t hrough the tubul ar ground chanbers 34. In the preferred
enbodi ment, system 10 utilizes a high voltage DC transforner/rectifier 20
to supply power and a comercial control package to control high voltage
and react to prevent or mnimze sparkover. The el ectrode 18 and the tubul ar
ground chanbers 34 cooperate to enable the formation

- 10 -



20 of a corona on the threaded rod el ectrode 18 when DC power is supplied by
the transforner/rectifier 20, with the tubular ground,Ghas acting as
t he gr oWRR6H&47ubul ar ground chanmbers 34 are conneggt ed toeﬁzloﬁéﬁgxternal
ground through a round | ug 35 -11 WO 2006/ 115767 PCI/ US2006/ 013445 A gas
inl et 30 | PEEGAMAL) DESCRETTION QISTHE PREFERRER EMBMMMENTS S or on t he
top of the 1ionizer housing as shown in Figure 3. The inlet 30 is positioned
so as t oRafering tdthegdrawitgs emdy BPpartiodamitmFbG. pahereaf)itlat eonmng particalatel ow

t hrough the tubul ar ground chanbers 34 and past the rigid threaded rod

el egdruioite id Provided ARl GPfefStddeRNEARIANFSIHE fefblohSimbiae 10Ur Tl bcribtenilog from
the 5 electrode 18 to the tubular ground chanbers 34 within the ionizer

sectif nﬁé%i Ogha}r%ﬁg ro‘?%ﬁ:?{ng %QH&A G 2 E@Ecﬁﬁﬂe L g@@t %Bgﬁlc%" gihin the

strea S osta y charge preferr Iment, the
tl 33 .l t - 6 h t
R e e e e g

affect the ionizer section 33 performance. 10 In the preferred enbodi nent,
t hecqlipstion gf anticulaterand pilieyyeentaminants,3gichiap |gasasy Yates ﬁ@h}@iwl epneansahle

vel ocity and volune of the gas stream 32. The tubul ar ground chanber 34

di aN€xCsy efcs at dyppsama time edhilelBingnith esme &qtipmegt) providérbsdid chikectipprsectioat ed t hat
| arger and snaller diameters may be used dependi ng upon the velocity and

vol Wrg DhadiRd b8aScrabb&aMhd EharglteSeStia Bebmpriies S2fonfiel BRI € XithSorlehe
ioni zer housing 28 through the outlet chanber 15 or transition 36 to the

Congﬂc ré gyhﬁﬂﬂ ol nft %%ﬁj Lﬁfﬁe 001{‘ ?’r?o% s 52 HOE WA %X(\gﬂd %eé&hertodfletq ok N

col Ion sec Ion 1 On system FiSes either a tixed or
1({5 @&Bx?cﬁxbg Bac k%Othf: ?:glggtg} @g{ﬁﬁ%t ?ﬁﬁ%ﬁjgtﬁldfﬁ o glg&pc}dleyl 8I prrE){n%gé[ gr? eyztge?nrgl? o%\ée
effective electrode length as the entire thread length is the actual ionization emitter for particle
charging.

High voltage DC power is provided to the electr;)de 18 by a transformer/rectifier 20,
which is connected through an insulator 24 to the electrode 18 by HV cable 22. Insulators 24
15  having through-put bushings are provided to support the electrodes that extend within the ionizer
housing 28 and through the tubular ground chambers 34. In the preferred embodiment, system
10 utilizes a high voltage DC transformer/rectifier 20 to supply power and a commercial control
package to control high voltage and react to prevent or minimize sparkover.

The electrode 18 and the tubular ground chambers 34 cooperate to enable the formation
20 of a corona on the threaded rod electrode 18 when DC power is supplied by the
transformer/rectifier 20, with the tubular ground chambers 34 acting as the ground. The tubular

ground chambers 34 are connected to and external ground through a ground lug 35.

-11-



packed section 42 and is collected in the liquid sunp 45. A recircul ation

punp 44 _and recycle piping 43 are provided for conti ngeygsdohdidi9asi on of the
packed g’é’c’copﬁ’rllsiﬁ 20 The packed section 42 and the liquid sunp 45 are

grounded ,t hr qugh., ground | 46. This_.gll.ows the entjye packed section and
Phe et A abEtd ciftpsed At Hom s Ghthed St bisBs G bR Hiicoe RS s
particulate in the gas stream 32. The gas stream 32 containing the charged
par tanégr heusingmassshewnrin Figyise 8hdhp delricl) s Pesitionedsso afrie rlowiibe s#faitiga® 3Barti cl es
are renoved from -12 WD 2006/ 115767 PCT/ US2006/ 013445 the gas stream 32 by
me acentathingertiduddte hmaptac td How tiRougloiite thouleegmndd chageers 34 cad abstrtbetigidn of

the charged particles to the grounded packing 48. The resulting clean gas 50

i s fheided368 efbctrbid P3N Pihe QAL ISBEAABN paaSRANAIGH tBE chir@it fRavih@ flogimiée | i quid
droplets. The clean gas is exhausted fromthe collection section 14 through

b AR R AR difnnd Bk SvRNRIEE i PO P B O o

urther treate ages O 10ni Zing ection

may, be.staged for, hjgher particulate collection efficjency by copnecting
ot 2oabe pariulet GmiRed At B Seam Thes Dacisariarbel s By of or r ed
enbodi nent, the packed section 42 uses a vertical countercurrent design

whi prefereed esahipdithent athe dondzer Sesiopr3dnis relasiygly shart Lbetweemd amd1dinshes soops

enbodi ment, the vertical 10 orientation of the collection system 14 gives

t hetoeminiprizntheacaleetidre bf hapichirgatpagtiviesewhizhcesuld alegeriidlp affeétf theiiemesr. Thi s
system 10 al so allows high ionization velocities and high collection

vel g&tibh 85 p¥ibthnkslr ther dramatically reduces the overall footprint of the
system Fluid bed packing 48 is preferably used because it is self cleaning

T 55 B9 B 3R BB s °
upon the velocity and volume of the gas stream 32. The tubular ground chamber 34 diameter is
approximately 12 inches; although it should be appreciated that larger and smaller diameters may
be used depending upon the velocity and volume of the gas stream 32.

Once charged, the gas stream 32 exits the ionizer housing 28 through the outlet chamber
15  or transition 36 to the conduit 38, which conduit 38 leads to the collection inlet 40 of the
collection section 14. The collection system 14 comprises either a fixed or fluid bed packed
section 42 which is constantly irrigated from above. Scrubbing liquid flows down through the
packed section 42 and is collected in the liquid sump 45. A recirculation pump 44 and recycle
piping 43 are provided for continuous irrigation of the packed section 42.
20 The packed section 42 and the liquid sump 45 are grounded through ground lugs 46.
This allows the entire packed section and the recirculated liquid to act as grounded collectors for

the charged particulate in the gas stream 32. The gas stream 32 containing the charged

particulate passes through the packed section 42 where the charged particles are removed from
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15 form thereby mnimzing the |iquid waste generated during operation. It
shoul d be obvious to one skilled in the art that ther enefits
for havWVOPRMEHSHat e chargi ng and col | ection secti onsePfg'{"??ﬁ&z@g%?ovi ded for
herein. For exanple, ionizing sections 12 may be easily retrofitted to

exi thei g9 speaR 3 Wemeans ofdpentighingastiemCauhenl doree andh dmags farematirgetionsafal | ed
Ceilcote 1WS systens. This will reduce the nechanical conplexity of the 20
sy sthendharged hantideper fler grommdzdapudkiak| 48w The resaitng cdepragad $0 iTken! prsgpd

i nstall ed base of vertical and horizontal flow packed bed scrubbers al so

of f @ir6uphn a® RARH it }ée}%é?at@‘f" debtRRl B2 Mo SRV NRuldP drﬁ;h@t@?’ Cahe HMbPARN isSyst ens
to enhance particle collection. lonizing sections 12 nay be oriented wth

verij1Gal, ok, ' . f V. 0 Lfe. [.tions.
Vel S8 oy e Ao BRusghel il et oo BB 4 Bl 8408y o
ppl.i catiaon requirenents. Dianeter and | th of the_cylindrjcal ground
iR R R A L R R A Ll W A A
the charge section. -14 Wiat is clainmed is: 1. An ionizing particulate
screMlsstion srayr benstagad) fprmhighew partieulpieoenllscticns efficiency iyagennesting shargingi d
scrubber conprising: a charging section conprising one or nore cylindrical
t ubsdctonsciaardesodlectiomcdectionsi 1ddn geridsgi d t hr eaded rod el ectrode extendi ng
t her et hrough, each of said electrodes including threading substantially

al ong t hg ﬂh@@)%fﬁ‘rr@ci eRBbEneRd cﬁ%&cti%h@%sés@g%ﬁkﬁ JoBARTubeRt RsRdUCi ng a

corona thereon when provided with high voltage power, wherein said
cyl %vﬂ%ﬁ'r%gllmets %)eu Iarae%l oqrrf%g%ging rrl%ra%%&s AIS§ liﬁj % preferred embodiment, the ‘vertical

10  orientation of the collection system 14 gives the equipment a smaller footprint and enhances
collection efficiency. This system 10 also allows high ionization velocities and high collection
velocities which further dramatically reduces the overall footprint of the system. Fluid bed
packing 48 is preferably used because it is self cleaning and will therefore not plug as the solids
are collected. Such packing 48 also allows the concentrated solids to be collected into a slurry

15  form, thereby minimizing the liquid waste generated during operation.

It should be obvious to one skilled in the art thaf there are added benefits for having
separate charging and collection sections 12, 14 as provided for herein. For example, ionizing
sections 12 may be easily retrofitted to existing packed bed collection systems including the
currently installed Ceilcote TWS systems. This will reduce the mechanical complexity of the

20  systems, enhance performance and allow increased capacity. The large installed base of vertical
and horizontal flow packed bed scrubbers also offers an opportunity to add ionizer sections to
chemical scrubber systems to enhance particle collection. Ionizing sections 12 may be oriented

with vertical or horizontal gas flow to take best advantage of site conditions. Velocities may be
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i nside ionizer housing walls that serve as a ground for the formation of
said corona; and a collection section including an irrigated packed
sect i on.w@.2006l@5760ni zi ng particul ate scrubber of clai MPCT/UMRIHLIH4Tai d

i oni zati on chanber includes an ionization section within which said

par tvagigl daed PnSapflicoRén eqifRMehS. CIMALAGEr and ledhiR 6OFHeZ ylthdpidalt gﬁuuh@t e
scrubber of claim2, wherein sard ionization section is etmeen and 12

i nc | r pmvherein
| i 0 e iSO SNBOATD 8y MR B O e?%ro 5. The
ionizrng partrculate scrubber of claim4, wherein said transforner/rectifier
provi des high voltage DC power. 6. The ionizing particul ate scrubber of
claim5, wherein said transforner/rectifier 1is electrically connected to
said rigid threaded rod el ectrode by HV cable or buss bar. 7. The ionizing
particul ate scrubber of claim®6, wherein said HV cable is attached to said
rigid threaded rod el ectrode using a through-put insulator. 8. The ionizing
particul ate scrubber of claim1, wherein said cylindrical tubular chanber
includes a gas inlet and a gas outlet, said gas outlet being positioned at
the end of said chanber opposite said gas inlet. 9. The ionizing
particul ate scrubber of claim1, further including a conduit from said
charging section to said collection section. -15 10. The ioni zing
particul ate scrubber of claim1, wherein said packed section is
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selected fromthe group consisting of fixed bed and fluid bed. 11. The
ionizing particul ate scrubber of claim1l, wherein said collection section
further includes a recirculation punp. 12. The ionizing particul ate scrubber
of cl ai m 11Whatjs ¢listediisic| udi ng ground rods connected to said irrigated
packed bed and said liquid sunp. 13. The ionizing particul ate scrubber of
claim1, wherein said collection section further includes an entrai nnment
separator. 14. TheApdanizing papispletecirhbe O rempydne pitiqilag domsa gafferei n sai d

col l ection sgGhdk Qrbamf éﬁl}&&ﬁfbbérr&g}nk;gﬁ,%[:a col l ection exhaust for the renoval of
any liquid droplets fromsaid gas stream 15. The i oni zig}a particul ate

scrubber of claim 1, wiebargingseaprcomprisipatoae opmetecalindsisak byrarcsarvlars i cal |y or
horizontal l'y di S%ﬁ%%gng-ﬁ-r' TG @0 154 @Qctpcﬁlétekt%ﬂiﬁ% ﬁlel%ﬁ-&ég%ﬂeéacﬁgf Ghfi m 1,

wherein said irrigated packed section uses a vertica unter-current
design. 17. An i elastsoderginglnding dudading suhstaniipbls along therlengty¢fregidped adeathat e from a
gaseous exhaust i.d r b $HleP@n vheR g ids@ i
transforner/rectF?#%?égggzﬁ%ésg I%?@g&%%%g&h%ghﬁggltgggg%%¥ 5%%3??1a

char gi ng sect i onvatasp DI pogeromwberein saisk evlioddidah dibulenlgraund ghambeshimnlbds s each
having a rigid thr ectko end] ] h, of said
el ectrodes inclu |ﬁgqt ?%%‘Pné;g%%%@%%%?%ﬁﬁ%lg@%ﬁgﬁ%ﬁgpﬁgﬁggllo é;dgiaid rod
and each being edremt aidcal | y connected to said transformer/rectifier by HV

cabl e and a collection section including an irrigated packed section.

2. The ionizing particulate scrubber of claim 1, wherein said ionization chamber

includes an ionization section within which said particulate in said gas stream is charged.

3. The ionizing particulate scrubber of claim 2, wherein said ionization section is

between 6 and 12 inches in length.

4. The ionizing particulate scrubber of claim 1, wherein said high voltage DC

power is provided by a transformer/rectifier.

5. The ionizing particulate scrubber of claim 4, wherein said transformer/rectifier

provides high voltage DC power.

6. The ionizing particulate scrubber of claim 5, wherein said transformer/rectifier

is electrically connected to said rigid threaded rod electrode by HV cable or buss bar.

7. The ionizing particulate scrubber of claim 6, wherein said HV cable is attached

to said rigid threaded rod electrode using a through-put insulator.
8. The ionizing particulate scrubber of claim 1, wherein said cylindrical tubular
chamber includes a gas inlet and a gas outlet, said gas outlet being positioned at the end

of said chamber opposite said gas inlet.

9. The ionizing particulate scrubber of claim 1, further including a conduit from

said charging section to said collection section.
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i nsul ator and each being the sole neans for producing a corona thereon when
provided with high voltage DC power, wherein said cylindrical tubular
chanbers include |n5|de cylinder walls that serve as a ground for the
formation of sai d10-ddedenizingprstiailate scayber afislaimrl, hersiverid negled sedion is

i oni zati on SeqdieQfol th@éﬂu;‘f%nﬁ'é‘tmgscﬁ'ﬁged)&ﬂrahd:ﬂ'lh@-tv&l in said gas streamis
charged, each of said tubular chanbers further including a gas inlet and a

gas outlet, said gas outlet being positioned at the end of said chanber

opposite said gasij Melioniziddpic®hd &AIbALIIRGH 10WhéBR! Ui Bfechbn bdclibPat ed
fixed or fluid bed packed section, an entrai nment separator, a sunp punp

and a col | ecfurtber iesl¥iess recirglationgump.eroval  of any liquid droplets from said
gas stream and a conduit from said charging section to said collection
section. 18. A nmethod for renoving particulate froma gaseous exhaust

stream said net Kodhedeniingpardcularescarbbprsofeiaim gi ofprtherrigeleding graind rads
particul ate &%wg&qg S‘ﬁ@[ﬁgé t&hﬁgkedh ‘ﬁmrsgﬂdnl uid§Ghp ON conprising one or nore

cylindri cal ul ar eac avi ng rigid threaded rod el ectrode
ext endi ng therethrough, each of said electrodes including threading

substantially al oy "Ithg(;r‘o 4t e%eﬂn%atés&hﬁ)bércg rﬁg lfh ﬂ'elntﬁgfdrl:g éclagn §e9{181 means

for producing a corona t rovi W I gh tage DC power,
wher ei n saldﬁwWhumdwkealﬂm@muhmwemhawbers i nclude inside cylinder walls
that serve as a ground for the formation of said corona; and a collection
section including an irrigated packed section;

14. The ionizing particulate scrubber of claim 13, wherein said collection section

further includes a collection exhaust for the removal of any liquid droplets from said gas

stream.

15. The ionizing particulate scrubber of claim 1, wherein said irrigated packed

section is vertically or horizontally disposed.

16. The ionizing particulate scrubber of claim 1, wherein said irrigated packed

section uses a vertical counter-current design.

17. An ionizing particulate scrubber for removing particulate from a gaseous
exhaust stream, said scrubber comprising:

a high voltage transformer/rectifier capable of producing high voltage DC
power;

a charging section comprising one or more cylindrical tubular chambers
each having a rigid threaded rod electrode extending therethrough, each of said
electrodes including threading substantially along the length of said rod and each
being electrically connected to said transformer/rectifier by HV cable and
insulator and each being the sole means for producing a corona thereon when
provided with high voltage DC power, wherein said cylindrical tubular chambers
include inside cylinder walls that serve as a ground for the formation of said
corona, wherein said tubular chamber includes an ionization section within which
said particulate in said gas stream is charged, each of said tubular chambers
further including a gas inlet and a gas outlet, said gas outlet being positioned at

the end of said chamber opposite said gas inlet;
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charging said electrodes to create said corona; passing said gaseous stream
containing said particulate through said tubular chanber past said

el ectrodes to thereby electrostatically charge said particul ate; passing
sai d gaseous strean1fﬁdﬁﬂ%@PmS@ﬁ@ﬁgnﬂgxﬁbénH@ﬁm¥6f§aférébkié%tpﬁﬁ“%ection;

passing sai d gaseRUs:, ShRAMEND SRR SfHpburpahdadoRakibh Extadd oty ough sai d
i rrigated packed section to thereby renove said particul ate; and exhausti ng

sai d gaseous st r edmeveliof apyliquiddreplefa frem syl gesestream: @88 sai d col | ection

section. 19. The met hod, it Gofl sfidtBargihk SdchG] toishi@ bbiicriéh bionSt €p of passing
sai d gaseous streamthrough nmultiple charging sections and collection

sections. -17

18. A method for removing particulate from a gaseous exhaust stream, said
method comprising the steps of:
providing an ionizing particulate scrubber comprising:

a charging section comprising one or more cylindrical tubular chambers
each having a rigid threaded rod electrode extending therethrough, each of said
electrodes including threading substantially along the length of said rod and each
being the sole means for producing a corona thereon when provided with high
voltage DC power, wherein said cylindrical tubular chambers include inside
cylinder walls that serve as a ground for the formation of said corona; and

a collection section including an irrigated packed section;
charging said electrodes to create said corona;
passing said gaseous stream containing said particulate through said tubular

chamber past said electrodes to thereby electrostatically charge said particulate;
passing said gaseous stream from said charging section to said collection section;
passing said gaseous stream containing said charged particulate through said
irrigated packed section to thereby remove said particulate; and
exhausting said gaseous stream without said particulate out of said collection

section.

19. The method of claim 18, further including the step of passing said gaseous

stream through multiple charging sections and collection sections.
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