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TITLE: R G D ELECTRODE | ONI ZATI ONFOR PACKED BED

SCRUBBERS BACKGROUNDOF THE | NVENTION 1. Field of the
wonwentiswn The present invention rel ates gener aCTSk@6/a13445

system and net hod for enhancing particul ate collection

TITLE! TAGIDELEEST00D EPCIUBA TFON FOR PA GREDBEBIICRUBBERS

process, and nore particularly to such a system ant
nmet hod V\/nereb¥ % g td Wby char gi ng
the particul a AJ(ﬁ? R ﬁﬁﬁdﬂ??‘ﬁ orces to
1. Ti 'qpre se collection in a packed bed scrubber system
Mm%n of the Prior Art Many industri al

rocesses, particularly thermal processes such as the
fh?cprﬁ@qna@nv(@ﬁti@f rojies genawllE o alssston ani ghethahfoe eabancing particulate
production of materials such as glass fibers, emt
collectignibin the gawbousi axhoust sirgen of ant industgdl eprbcest,haidr meas pausularly to
exhaust stream which particulate is normally

such a sy0RE1 SRT REHOAZMAEHSHBYolIBRiIoENY hIRMIEN |ch5’1rg‘ﬁ{geﬁlteitga%2ticulate and

Agency and regulated as such. Accordingly, there h:
utlizing| iR Etodh B350 LoALE I1Pa ANMCABLL TR HPL S &IV N

such particulate fromthe exhaust streamprior to its

entry into the atnosphere. Various systens for

el ectrostatically charging the particul ate have been

devel oped, such as described in U S. Patent App. No.
w—@@@ﬁ-@-ﬁﬁﬁ&&%ﬁ& was published on July 22, 2004 in

the nane of Bologa; et al. for "Apparatus for the

Mamst indwstriat ipcocesseanpartcudfrhy dlsemab pobeamsth adef as thdréncineration 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
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 July 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
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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operation thereof discloses an apparatus conprising
three-conduit sections: a ionization and cl eani ng
weeatsi1esr6r n whi ch the particles contained in PCT/US2006/013445
wat er-saturated air are ionized and then conducted
conducte{dhhﬂ'ooﬂéﬂﬁ‘w_él 2ABRERA cMdel BrRundadd wefiks s%lé’tliérhﬁi whaht dr9fremaining
s; an

e particles are deposited oOn these wa ;
addi tional cl.eanin on which includes grounded
ﬁnepaﬁpﬂﬁ@ga$§§p6§3pgﬂhg%g§§§%h}Sconducted to renove
additjional charged particles; apd a filter section.i
T{R0E PRSI TR IR RSG5 R EIeEE oS S G PgguTate matter
the gas stream It should be appreciated that such
has longshest dnmewh on thel industos t Bari axample, EhSr Byiteny NarS3 W38t which issued to
matter has |ong been known in the industry. For
Lundgreg xaephie, onUMarctPat €905 Nor “El28bstdB30 prduiijgitntors sasewiblyd discloses an
Lundgren , et al. on March 7, 1995 for "Electrostatic

electrostiti€ gf&iﬁiﬁ%&ras%ﬁﬁmhﬂﬁdﬂﬂgsﬁ|tﬁ’t§ﬁ§r 8l eRtgR Cdrldost @ldcerode suspended

preci pitator asseitbly including a tubular collector

therein, gyrh%r an tgé eeﬁégtﬁ%gg RUREE %eg.gatﬁ ) g?l}licg%ﬁﬂ%'l ﬂ:o'ilF@cor portion and a

ectrode 1 nc eS a subs nari ca

] rtion ' ' [ .
ik B RO a4 b e ol i e et
wherein the gap between the charging di sk and the ,
the charging Hisktapd thescadlector #sat lepst afr graat aﬁghq & bpapeneibgealegtorgortion of
coll ector portion of the electrode and the coll ector.
the electibde anditle cellacipt.es of el ectrostatic cl eaning systens
are shown in U S. Patent No. 5, 364,457 which issued to

TSRITRIRS RamPRY efb@éctibbiatid Rhningr systnecteogtiontn i §BS. Patent No.
cl eani ng apparatus” and U.S. Patent No. 5,282, 885

5,364,45}?E+vgﬁhii§s§1%8dtot Carf TR N NSVeBaY Y&ar Yook fokFediRistatic gas cleaning

ctrostatic gas cleaning process and apparatus”
apparatu?’o%rrl]d ?I.S.V\pétgrlﬂ I%.Sgbgf',g&? Rk Slsss(?usedatrc}d(?ameron on February 1, 1994 for

“Electrostatic gas cleaning process and apparatus” both of which disclose processes and
apparatuses for collecting particles or droplets in which a charging device and condensation
equipment are combined to provide a cleaning apparatus that operates at a cost less than
com‘/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
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
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apparatuses for collecting particles or droplets in

whi ch a chargi ng device and condensati on equi pnment are
woanimed7t o provi de a cl eani ng appar at us t hat POpRIS2106813445

at a cost |less than conventional apparatuses. Another

dielectriexaaRril ifavideSa BrIRMc Nonstsht 260a6A khahic hwhﬁﬁ“&féletcﬁlc material
Nat araj an on May 5, 1981 for "Method and apparatus for

suppres §'éf% %ve%ﬂ%ﬁegcﬁcﬁféafw glg@&&ié fHa8neQ le‘éﬁlté%glgtes\lflml ch

I scl oses at us and

oIIect subm cr. es b artlcles
r%etcm%egoex&pp r*ggdﬁ3 {efljbf\b a‘ll’g} E g’@’ﬁﬂh‘é eﬂgtoof\f@etet al. on
ows of need| es which are spaced fromthe plate.
Septenﬁ@ﬁ abg &Pt Flectestatiellyugaenied fiter e end awsihiadgof using” discloses
section having a deflector electrode and a pair of
an appacadld eciudngg pl @pesdedhfbei bedt b 5066 | WO anicedre average diameter fibers
i ncl udes a conductor enbedded in adielectric materi al

packed foay bed) o ele@tREtEIR iGERRE I BletR Bfstleh@ntlihe ‘M%P Bed to place an
dielectric material suppresses arcs between the

electrica %ﬁér%@toﬁrthgl ﬁfc{lfﬁg& anfirdi ?mdhl\tr)‘leﬁfjt fé’gghé?ﬁgé med hﬂd ¥flionally the

anot fer exa 5. Pat
Se 1 980, f
groundea E: ecﬁ?d%ss?tA{hg eécicl?rystg{llog Hgﬁ{ls gfp ]gb %lésgl ulo ctﬁgtpﬁga:ulﬁtes from the
|nclud|n gr ounded

) cI oses an appar at us
fiber beg %ngpt Ty fomp thegerav: Uggr?ﬂe@FreﬁeSaJaroas@%an astiatates gercharged in
packed to a bed, an electrostatic or ionizing field
the electiesiatic mesny eadnilisf changedf paréiculbiesl ate cplleated mnthel @y riedathere the
charge on the particulates, and irrigati on neans for

electricat afgebisr disggatedntironphi the ailrrlig‘atfhgeli@ﬁ%mﬁi@dlaﬁseﬁlﬁit@i@e& that no
of the electrostatic neans as well, to flush coll ected

significaRfkpdce Uit RS effEQ M taMBwh A6 dh R aiﬁdthgpﬁﬂe?ﬁ%kltﬂe fH@Mbed and re-
t he grounded el ectrodes. In oper ation, particul ates

entrainn®h€of AR B8Hed 1 avoided.

The use of a venturi to increase the velocity of the gas stream was taught in U.S. Patent
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 perpendicular to the gas flow and extending radially outward
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
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the electrostatic neans and the charged particul ates
are collected in the fiber bed where the electrica
woheregesics di ssi pated through the irrigating PCT/US2006/013445
l'iquid/particulates mxture so that no significant
particlegRRETIHRS Ao, QEteihE yRilcR oRBRTREP hfhetDiPing contaminants
rticul ates is avoided. The use of a venturi to
8§§e t he veIOC|ty of the gas stream was taught in
ent No. 4,110,086 which issued to Schwab, et
%lrmlab‘% I&nﬁg dratenbo. 4;@'7’%4%%1%5%@ tq Blansesn etzalngn §elraery 7, 1978
el ectrostatically charging particles, and
for “Eleefrestaticogteipitatainl yrocdssit discigsepanteletrestatic pieoipitatangvidets egerates on
for removing contam nants from gas streans," which

the prin@ip&e b s@sudlhepulsien off eha¥, Cf,%ﬂt pHrticleP td BCEBRSRA WEIl wherein the solid
vel ocity of contam nate ases and gui des the gases

particle PARh Ash@in &t %%}ll)éctﬂfgnsce%h@ﬁ %ﬁl‘éfe]? &cﬂﬁélﬁl fobf ks dln the form of

present ed perpendi cul ar e gas om1an exten

ut war.d. betwe tr accura .

droptetsy AUy e MRBicHEY HERE Prd BER SR enBS TS 31@%‘?@6 laden gas
Downstream charged particles are collected by a

stream, @&@Bﬁpwgpbﬁﬂ@@é@gg e @ldiianabrarticiee a@r%%qtlmstaa@aﬂy clmrged either by
simlar device is disclosed in U S. Patent No.

conventipnglograsn onbiycinjestiag the drmdets droBe hwetlargeslt nedzle emd dsirtbe charged
6, 1978 for "Apparatus for ionizing gases,

particlesgpass throsgiathie gabinded Bact@inngahe pieelptorandraction of the water particles
el ectrostatically charging particles or ionizing gases

and soliti®'ard oY RE tEODrAMdBAN Al by URGAS RidLATEted by the space charge.
Simlarly, US. Patent No. 4,072,477 which |ssued

Prec1p1td’@ﬁ§b?ﬂ pa?ﬁcl%l a*1e Qﬁre{: 1%%{ Mgﬁ ales%gd7§vatfep fvhid lr%ﬁ% ao‘f%é ﬁ}el Walls and is

itation 0565 an el'ectros
drained fr’om%g prtegltpgcgto\lml Ch operat es on

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

from ga? at&

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
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
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the principle of nutual repul sion of charged particles

to a grounded wall wherein the solid particle |aden
waqasoesitiswam enters a coll ecting section where PCT/US2006/013445

additional particles in the formof droplets, normally

elementeas e tresult!of attiicE6h EtcdsbetwigenltRE BAR Fhid18s SRI @AY of
the solid particle |aden gas st reéaer%ap and t he Sole%eg&&ally neutral

packingR¥hdrd SR l?cﬁﬁld.t F}%l@ﬂgﬂ &e'vg:régll/ats @cﬁ&g}%& gng(%% E%tle%tr%? 3,874,858, which

el ectrostatf cal arge
: c a._or, i\nj.ecti the droplets froma charged
wmmdu%%é%ﬁgnﬁﬁaPﬁgAﬁ%iftﬁggged particles pass through the
'ﬂ%PH&ged section of the precipitator, a fraction of
el at Bstephrembingd aaneledissiatie chprgefseite fallowedeby a packed bed
_grounded wal |l by electric fields created by the space
collectiogtrypigar. TFirieyspérh atasdegobdmblmantd elpessias & eperatai MRBeridlectrostatic
the coal esced water which runs down the walls and is

collectiotirmétheds fiaverbetiatilzedC bt theyt QIll shoft wike cbPélhe (a8ldBRE & the sub-
APC devel oped t he Ionizin%;WEt Scr ubber (IV@§&?% e sub

micron SSIRESS. SYBONIEF 985 _@ﬁ&eéﬂl)%' 21 Qotf @X&gelf %8{5%@%3 CfANeh, 45147423,

em ssion streans. systemi1s descr

- . 95 ich issued.to Klu et al. ,

3941465 MR s Tyt 3% iy Bt Teth Qectintationed dgsaflection on

of . ticulate froma gas streant discloses a nethod
ﬁnelyat?rﬂgggi'ﬂﬁléééolﬂatéked wet scrubber through which a

scrubbing liquid such as water is flowed vertically

downwar dly and through which gas to be cleaned is

flowed in a direction transverse to the direction of

AfsIsball bé apirecisted uhbiprigr dri Giilis do sPatically eadPed citi8SthHe@rétftem or the

treated is ionized prior to its flow through the wet

solution &eivedbpsn bPagplRYhde particles in the gas streamw th
an electrical charge of a given polarity, and
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upon flow of the gas streamthrough the wet scrubber,
the charged particles in the gas streamare carried
wonvw/1aswse proximty with and are attracted tB8CThS2006/013445
scrubbing liquid and/or packingel enents as a result of
attraction for GIVIMARYCOFITEE INVENEDI@RI ti cl es and
the electrically neutral packing elements and |iquid.
Thi$ ifich@én ' IS5 ' ; : ~
3, 874, 858, ‘*ﬁ%ﬁeﬁﬁe%?u@é%?éﬁifﬁdg ng‘*%,ﬁ’esgfzveg?’?ﬁ%ﬁﬁ %PPF“W’,H control
I m cpnbi ned an el ectrostati c charge
technoloég%t% P or -r%ﬂ?a 0 |aﬂ\gam@%$%%§v%{°‘ﬁ%£%z&%%at S&fﬂ%l Slth?lHWS‘ﬁ}’st em
This system was very conpl ex and expensive to operate.
O her electrostatic collection nmethods have been
utilized, but they fall short when collecting
In relatign to the.ovarall pir paikutivntsontrobimdsistrg, thisigeention offils thafollowing:
devel oped a O oud Chanber Scrubber (Patent # 5147423,
I6 §4 4 485 haryholgéct udfl fhis Zz@sseld Mi@ation o Pronas bl Giledt Gnd Méhod for
mesh el ectrode, followed by collection on finely
enhanci licg4te lcbOettdn r ! @t
I%Trliwgur art fails toﬁgg%ﬁ?ﬁlﬁfﬁi/{ég%}a@ gisgygflétﬁglél% tﬁ ﬁga}tﬁﬁla‘ce and
utilizi ' rijived upon.b
g R TP R PRSP AP sy s
IéiQtaSthed t.0 offf]gr di sti.nct advantages over existing .
ar - pofi RIFHOf doshpresint detion Bypre¥idgsuglepsygiem and method that is
e%dVﬁnt ages over the ionizing wet scrubber technol ogy.
capable qtzolleqimgicyen sub-miraonsieedpartieles. pol | ution contr ol
industry, this invention offers the following: It is a
Itds ptithanotletrjobizct of the peesputasemtion v prokidersutloa Bysdth @8d ethod that
system and net hod for enhancing particul ate collection
reduces the mstalled)acse ous @XhAIIBhalHdcBBIRBY GBI g cdhe
particul ate and
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
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.

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.



10

15

20

utilizing the electrical forces to increase collection

in a packed bed scrubber system It is another object
wofodehieseresent i nvention to provi de such a syBCEMS206/013445

nmet hod that is capable of collecting even sub-nicron

181726 BAGHjLG 08 the ﬂ1Eseh§m§Eﬁt dn t@@?&h@é SIEQJa%%te&fanﬁ%thod that uses

present 1 nvention to pr ovid a systeimn and

a vertical Pgﬁl}tél‘glqltﬂglﬁ%eglgg m}h.b 50 I%hl %9 th aréa r%ﬁﬁei{edc onvent i on aI

et a further

obj ect of the present |nvent|on to prOV|de such a

system and net hod wherein the charge section is

separate fromthe collection section, thereby allow ng
In relafign tpphecenisting jemzing yelr s¢rapbex ée(gmgl@théhls invention offers the

contam nants, such as acid gases, condensable and
followingol ubl e VOCs, etc., at the sanme tinme and using the

same equi pnent, when using a packed bed scrubber as

Tt Rearfothdr &b dcP R SIRE bieGdht ihientidn X&hrAAR QRL L5 &4h aﬁfl method that
the present invention to provide such a syst'em and

reduces g?hétogggtlhg @{)st %%%co%v&ﬁﬁ%&ﬂ%&gﬁm{ghv? dﬁéﬁ %ﬁ{ﬂ‘ﬁﬂ} for the

arge section using a rode

toi further.object of the present inyention
Ihisgt, Fathes fhieaos erireant o8 TEndte qetos v SBrRd method that
rofil e charge section to mnimze any collection of
reduces {5 eapipmegt fmg ot abearapaied i dopesnfioapliepizingtvect spraibher technology.
section performance.lt is also an object of the
Iptsealentn iohjeshdf tre prosqut dwiedeors tre hroyvideysichm systenmend agkthod that
that uses a vertical countercurrent design which
reduces thedivaifud] igaiftedhce @dsdclesd with thehmattigdd plage tewei debigh Gurrently

i oni zi ng wet scrubber technol ogy, this invention
used in iOiEBESvdt B&ubbers 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
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.

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.
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followng: It is another object of the present

invention to provide such a system and net hod t hat
woeauscie@si6t he operating cost over conventi onal POMIUBRIWE/013445

wet scrubber technology. It is a further object of the

Ipisssiéirnothey ebjectar theopiesay ilensactd [Foss baIR A8dteRBidiPsethod that

that reduces the equipnment footprint as conpared to

allows thOPotRBitkAERko1dRM BE B BT HBPBY 585 Qﬁkphﬁ%g rhig;iﬂli%e the liquid
al so an object of the present 1nvention to provide

Wagegé@ﬁﬁxﬁﬁﬁy%kﬁgkﬂgg_nethod that reduces the continua

mal nt enance~assocCi ated with the nultiple plate and

i ign c ent | sed in ionizjing wet scrubbers
1o BiEoBrecil e pitns TBErtphia DoueR Rdtugleaty Prizhbon of the gas
anot her object of the present invention to provide
stream, BiRAIZNgG Jhe egidgnes HaeHodhe kbargesestiony | Thid ralwamimgmdaues gharticulate
sections rather than irrigated plates to elimnate the

collection éu therobnme taraaf winoe #tvatireducs Sigtnel@ke tdpat.pl ates to
renove particul ate and keep the charge section dry and

Iies lyeyardetice 06081018 M eaby BtrofiP b 8a§iURRkYd H& %ct]l.tﬂﬁgrs by adding a

ionizer section. It is still another object o

: ' j: i de such a system and net hod
ChmgeS?%@?%ﬂgggﬁﬁig%ga?ﬁ%ggﬁégﬂTod el ectrodes which do not

requi re constant tensioning in place of wire .
el ectrodes which were prone to breakage in certain
ap Iicati?ns. It is another object of the present _ ‘
TPHFE% AtGoBlsbmpRts of dhe Biegeing aljscte andadvamiaghadhe peesent invention,
uses fluid bed packing which is self-cleaning and w ||
in brief spparasp yomprises ko gorasing patticolateascaibivat for il reidval of particulate from a

gaseous exhaust stream, said scrubber comprising two 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
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
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



collected fromthe gas streamlIt is still another

obj ect of the present invention to provide such a
weysaicansand net hod that all ows the concentr at edCSmIS2@S/013445

to be collected into a slurry form and thereby

packingsinface mdllee phitiqulatt iwesilet@esieCatlesib dorck A8 ﬁﬁ@%@%i‘&rhttraction to
It is another object of the present invention to

the neutpd] Ok fdEeshd Othe R RE L Matb QA We ; St
B e e BBl JHak 0, ERBMRLR h Y PR3 3 By foep he
; i 140, 1 rtihcul.ate collection in the
packing 3 SecBloa ol I BERAPRY MY 0B uiPrasfiot of paig 4 Aigtnded colletor
t i t another object to allow easy retrofit of
for the Clé%gg‘? P%"g‘cb%@k e@e%‘e%asé% thsBwassed Hyrouglbathenterinment geparator section to
section to enhance particulate renoval. To the
remove Yaud ditnlehndhie slean sanis dxbretot figmabg eystiem aitbler to atmosphere, or to
advant ages, the present invention, in brief summary
further treatmpenit.s ddultiplei stapes iofi goriizing ifellovadden;s s11ohET nfagrbet N8ed for higher
renoval of particulate froma gaseous exhaust stream
particulasadollesigdridFbielen&@MPr i Si ng two sections: a charging
section and a collection section. The chargi ng or
i oni zi ng section conprises one or nore short
cylindrical tubular ground chanbers each with a rigid
threaded rod el ectrode extendi ng through the center
thereof. A transforner/rectifier (T/R) is provided to
supply high voltage DC power to the el ectrode such
that the cylinder walls act as the ground to enable a
corona to formon the threaded rod el ectrode. As the
gas stream passes through the current flowing fromthe
el ectrode to the cylinder walls, the particulate
contained wthin the streamis electrostatically
charged. The



gas stream and charged particulate are imedi ately

sent fromthe charge section to the collection section
wofhodcheswsyst em The col | ecti on system conpri seBCEUSk®E/013445

a fixed or fluid bed packed section which is

const ant | y BRIEEBESTCRIPATON OETHS PRASVINGY! d
recircul ati on system and |ntegF5T‘§Uﬁﬁ“ran§;
e ce
e Eal?ts.a?&ha?‘??’%%%ﬁ AR ANILES “%B%rnoﬁf"( 1%81;?@613 invention

howi e is collected by inertial inpaction
s1ownq%%€?ﬁéggc ﬁé&% %face Snel ler particulate is

]ﬁgJ%eCtﬁgﬁﬁ% Cbulonb force and image force attraction

fgd e dagrany plibie grnizeyseqiwalal e inaizing particulate scrubber of
G ound rods in the packing and sunp keep the packing

the presephénviestiomendat ed | quid neutral to allow the entire
section to act as a grounded collector for the charged

HiGr Biis ul abss-seCli@al dgisanh ShowRg PaTHEM ahjﬁﬁééﬂgzlﬂt 28 multiple charge
entrai nment separator section to remove |1 quid

tubes in oGk iBig partleflafd QABLIIASH 1§ pRABAUI S OM Lhe system
ei ther to atnosphere, or urt er treatnent.
Mul ti pl e stages of |on|2|ng foll owed by coll ection may
be staged for higher particulate collection
efficiency. BRIEF DESCRI PTION OF THE DRAWNGS FIG 1 is
schemati ¢ diagram of the ionizing particul ate scrubber
of the present invention show ng the two sections
thereof; FIG 2 is a schematic diagramof the ionizer
section of the ionizing particul ate scrubber of the
present invention; and FIG 3 is a cross-sectiona
di agram showi ng a typical arrangenent for nultiple
charge tubes in the ionizing particul ate scrubber of
the present invention. DETAI LED DESCRI PTI ON OF THE
PREFERRED EMBODI MENTS
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Referring to the drawings and, in particular, to FIG

1 thereof, the ionizing particul ate scrubber is
wonosidgm7and is referred to generally by ref ePemms2006/013445

nunmeral 10. The scrubber 10 conprises a chargi ng or

| ETATHEPEDESORTRZIONCOR T90F PeQt N ORRESF fil iﬁ s
IrT'portance (0] avi ng Tt WO separa e S for

I@e’%@ﬁﬁfg Bene ?z[vﬁﬁ?{‘%?d 4f a{tps@( h G oﬂ’teﬁe tﬁ%tlgnlzlggdﬁmculate

[ eCtion o cul at'e an
sabl e VOCs, etc.

sief f?ef%%l 4 e Trfeite Sé.egﬁ%q?h%%nde RagemeR pr §0¢ aecabber 10

.sald col lection section 14 is a packed bed scrubber.
comprises, CRRLgINg iy lonidng eertion 1owmst & sellectioni sepfired 4 hSilsi imgportance of
28, with one or nore cylindrical tubular ground
having tyteaseperate Srtiens h2wi4 barmot | bgiovetehtphaded mashedtesd itodRws for the
18 extendi ng through the center thereof. The threaded

collectionad pettimiateded dthepcomh@amnAN skt 4sEIREY WA %oRIHIE Ql&d ¥6hdensable
el ectrode length as the entire thread Iength |s

VOCs, et atahe 8AE fiadel W LML ﬂ{e a d e%lt Ad:co n section
g{t‘%{ 86 sofibetn

voltage DC pomer |s pr _ the 18 tod tiroul
ry whi I S connecte
L4is 2 b PR BRbES o b i ieatih ﬁﬂ%o%lsswwné%ﬁieusm 28, with one
4 havi t hr ough- put bushings are provided
Or more Cgﬁ’é‘hf gf'?b“?%egrgv %Téb,%s thecke ptiting rigid thireadederod electrode 18
i gni zer housi ng 28 and t hrough the tubul ar ground
extending ey the ggntey &wteﬁé pheflecaded rehtlediadents, preyigtem dfremely long

utilizes a high voltage DC transfornmer/rectifier 20 to
effective sigspbye frugr asathd eatimofiread démth GOME atuaPRGKIEAAEN bhitter for particle

control high voltage and react to prevent or mnimze
chargingspar kover .
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
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
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.
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The el ectrode 18 and the tubul ar ground chanbers 34

cooperate to enable the formation of a corona on the
wohowaded7r od el ectrode 18 when DC power i s suppiiusgooby13445

the transforner/rectifier 20, with the tubul ar ground

4 lgasrhidets3034 dispbied@ithsr frb@ sideddMBe ioiRr hBHADS AF-UMNe top of the

chanbers 34 are connected to and external ground

ionizer HJUE@E AL sRoval M@uﬂe}t& BR 1936 id ﬁ%ﬁgonﬁg 56 g%%' %?Ogiﬁlg {&a3 stream 32

either fromsidée of the Ionizer housin

containih@Baouyltnh @ Hoy BRI Rng e oyt el rangczt the riia
articulate matter to flow through the

threaded? g AEORE 480 K% Hikrir e Lninpestregs i guaeenfedgdon te
rod el ectrode 18. As the gas stream 32 passes through
electrodg ﬂg feuhe dwlulan graind charobers B¢ withiot thodenit& satibhe3 of the ionizer

tubul ar ground chanbers 34 within the ionizer section

housing 38, tie peheculaeicaeninkod wethg ti2Bstrdalie 3¢ klebidsMtRally charged. In the
contained wthin the stream32 is electrostatically

preferredcdiab @ident| thetib@zd 64t BAs %TQ?&%'I}”%{&% — Eé{%géﬂ;ﬁ gﬁ{ ZZ inches — so as

section 33 is relatively short -° between

inini 5 Lniom ze.the col |l ect.i.on of any .
o fo TP L o ARt B et ey ‘Eﬁffé\’:‘-‘?y b the fonizer
: hQnj ection 33 performance. In the preferre
section 32%%%&%% " the inner dianeter of the gaz [ n: et 30f
w,l | vary dependi ng upon the velocity and vol ume o _
In the rggtierréql P@gﬁﬁhg‘@_ng the inngh diagetey rof dind geshiately 80 V@il vary depending
di anmeter is approximately 12 inches; although it
upon the §Rlogityl and velumeaithe gab stfeam 32ar Her tubildr grodhd @hamber 34 diameter is
di aneters may be used dependi ng upon the velocity and
approximatlly i iches; Akh@ah iSdho8RIBeIDprdNE&i ﬁﬁﬂﬁ%‘%p and @rﬁalgﬁgiameters may

stream 32 exits the ionizer housing 28 through
be used depéndaig L@%ﬁﬁfﬁlﬂ?&elocity and volume of the gas stream 32.

Once charged, the gas stream 32 exits the ionizer housing 28 through the outlet chamber
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.

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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or transition 36 to the conduit 38, which conduit 38

| eads to the collection inlet 40 of the coIIectipn
weeaisi1osr614. The col | ection system 14 conpri seBCEUSEE®G/013445

a fixed or fluid bed packed section 42 which is

the gas stoxast ARl Yndank o epth] imPABRAOTBuloRE' foRR N ib{a%k”fgrce attraction of
fl ows down through the packed section 42 and I's

' Qi 45; L rcul ation . pu

fhe charbd DRAIRE o UpS Ml b%ﬁ%%‘?%?%l&fgé@%% itgf it iofidhen passed
irrLgati of th acked section . Ihe packe ,

through ;agl::% I%%%hlﬁgnta%egaliag% p?e’lcgﬁl? ﬁs@nﬁeweal"%mgr@%@ésd tTrhep‘d@%ﬂ gas 1s

round |ugs 46. This allows the entire packed section

exhaustel fomy{he rcgﬁFCr“@E}I ssetéan 14 Hupegh theaeotlegitorgexhumsted!, where it is either
collectors for the charged particulate in the gas

discharged te 4he 3tmospheregasis sfurtbemtr@ed: o Mutiplengages eofcivalgdfollowed by
particul ate passes through the packed section 42 where

collection heay Ihar gegbd pior thighee atttcalates BBNYR ok [ePdiBe:yIBy ShARan: charging
32 by nmeans of inertial inpaction, Coul onb foorce and

sections 1 2788&@ 51660 gcgiBﬁcf4 AneRis t he char ged particles tot he
grounded packing 48. The resulting clean gas 50 is

n_entrai nne separ at.or. section .
1 i BRARE uhBitOl ol nERbd BATRDD REDR 1M @RRleredent design
he col |l ection section 14 through the

u
which re@ﬁ?ﬁ%gﬁ% Fag??f ‘rés(zﬁ;&tﬂgtm soquilgferlsp tinjthe prefersqd @mb@%megte dhe vertical
, .to the atnosphere or is further treated. Miltiple
orientatioqy ghythe efllerion systam fl| divesethie pguipnicneat snorilendyotpeint and enhances
staged for higher particulate collection efficiency by
collectio effteémicy n I hishaysin 0 B0 tailows high andaLe v@stitiedand high collection
sections 14 in series. In the preferred enbodi nent,

velocitied héidhafiter siembdtRRll ZeSES R Rk ?@dt%ﬁlﬂuw fleCH/stehl!

t
desi gn which reduces the area or footprint required.

packing 4 8 PréfRrablieudel SEELEEH i€ E@Pﬂkéﬁﬁ‘é and P HRILEL S Aot plug as the solids

Fluid bed

are collected. Such packing 48 also allows the concentrated solids to be collected into a slurry

form, thereby minimizing the liquid waste generated during operation.

It should be obvious to one skilled in the art that 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
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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orientation of the collection system 14 gives the

equi pnent a snmaller footprint and enhances coll ection
wehbictiigwecy. This system 10 al so al |l ows hi gh i eara&tio6m13445

vel ocities and high collection velocities which

varied Yased loar aphlienidn eefui¥meRdUC Biarhdier QN@Nadih fofer é
t he sysﬁgﬁ1 FIu?%ibed packlné 4§?|s pre éra ]y Jnﬁﬁﬂ&ﬂ ground

ch fore .
oberd SRS oe Yorlod LR on P BRRLER 18 Pt hids B Rl 1 g gection
alloms the concentrated solids to be collected into a

slurry form thereby mnimzing the liquid waste
generated during operation. It should be obvious to
one skilled in the art that there are added benefits
for having separate charging and col |l ection sections
12, 14 as provided for herein. For exanple, ionizing
sections 12 nay be easily retrofitted to existing
packed bed collection systens including the currently
installed Ceilcote IW systens. This will reduce the
mechani cal conplexity of the systens, enhance
performance and all ow i ncreased capacity. The |arge
install ed base of vertical and horizontal flow packed
bed scrubbers also offers an opportunity to add

i oni zer sections to chem cal scrubber systens to
enhance particle collection. lonizing sections 12 may
be oriented with vertical or horizontal gas flowto
take best advantage of site conditions. Velocities my
bevari ed based on application requirenents. D aneter
and length of the cylindrical ground chanbers 34 nay
be vari ed based on application to change residence
time in the charge section.Wiat is clained is: 1. An
ionizing particul ate scrubber for renoving particul ate
from a gaseous exhaust stream said scrubber
conpri si ng:
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a charging section conprising one or nore cylindrica
t ubul ar chanbers each having a rigid threaded rod
wehemtmsde extendi ng t herethrough, each of sai #CT/US2006/013445

el ectrodes being provided with high voltage DC power
What is shairagd &0 enabl e the formation of a corona thereon

wherein said cylindrical tubular ground chanbers

[ ; S - e

et ok PG Le MBSO bIGEREETR £ suscous exbaust

tion section including an irrigated packed

Suemn’%@%%?@%&9§qnﬁﬁ%n$onizing particul ate scrubber of claim

1, wherein said ionization chanber includes an

% GRIYRE PEFIo8eROMBEISING 91K 9F TATectyladrienl fubulicehambsry each having a
. said gas streamis charged. 3. The ionizing
rigid thr¢gsled irediplagteodscaxtanding thérethraiighn @3chwifenid dectmides being provided with
. i oni zation section is between 6 and 12 inches in
high voltamegDIC: pdweil e dsORi hdble Pigy torgnshidh €ofS&MdHRORY tiRkedsl &iHBrein said

1, wherein said high voltage DC power is provided by a
cylindrichl &B&fP LPeRMd rciﬁﬁihb&’s Slcludd 1818 ioi(ﬁ?e? hOGiRARIS Wi & a ground for

scrubber of claim4, wherein sa

the f ectifier provides high voltage DC
© Onn%%agﬁgg#ﬂﬁﬁéﬂﬁg%#zing particul ate scrubber of claimb5,

wher ei n s%id.transfornEr/r ctifier s electrically
a&8ﬁﬂ%@?é83F@JQQP@ngﬁﬁﬁﬁgﬂﬁg@Q&EHS?ﬁﬂmelectrode by HV

cable or buss bar. 7. The ionizing particulate

scrubber of claim6, wherein said HV cable is attached

to said rigid threaded rod el ectrode using a

2t Rheowpglrimupartiodate atmmbber 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.
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8. The ionizing particul ate scrubber of claim1,
wherein said cylindrical tubular chanber includes a
waqgasosimsmwtr and a gas outlet, said gas outl et beCTES2006/013445
positioned at the end of said chanber opposite said
asTHeNiogizingd parfiB@ ate Ot sl CLy PR
% aim 1, fug:F9 P he?‘ﬁ?ﬂﬁg“i&ﬂbﬁﬁ Og%{:atélﬁ’d%i‘?f‘%?%réagg?%{lst%“eﬂ rectifier is
; j i - i.d_cpl.lection ction. 10. The
clectricdf 3o h A S8 Skl s b b S B ATV Fa01 Rhr i oai o
packed section is selected fromthe group consisting
of fixed bed and fluid bed. 11. The ionizing
,Partipujate scrubber of claim1, wherein said
cothedenizig pogtéqulaspsdrublich of claime buehereim saalioabktis amached to said
. punp. 12. The ionizing particul ate scrubber of claim
rigid thraetled fod ¢lb@rode msingdi thigugli-punigsuleds connected to said
irrigated packed bed and said liquid sunp.13. The
ionizing particul ate scrubber of claim11, wherein said
col l ection section further includes an entrainraent

S righ : 1.ORI .71 tigul ate. scruhber, aof
S o g, paficu e Mt b Bal T e i St vt charmber
: [ 1des col | ectjon .exhaust for the renoval of any
meludes oM WEE R B Fieh 3PS s tofiecpantionsd e g shidhamber
., particul ate scrubber of claim1, wherein said
opposite saifligas i} packed section is vertically or horizontally
di sposed. 16. The ionizing particul ate scrubber of
claim1, wherein said irrigated packed section

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

charging section to said collection section.

10. The ionizing particulate scrubber of claim 1, wherein said packed section is selected

from the group consisting of fixed bed and fluid bed.

11. The ionizing particulate scrubber of claim 1, wherein said collection section further

includes a recirculation pump.

12, The ionizing particulate scrubber of claim 11, further including ground rods

connected to said irrigated packed bed and said liquid sump.
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10

uses a vertical counter-current design. 17. An

ionizing particul ate scrubber for renoving particul ate
wobnrawiasgaseous exhaust stream said scrubber PCT/US2006/013445

conprising: a high voltage transfornmer/rectifier

ca : j [ .89 ; har gi
oo R R ELt HILRDE RN ocRERa) Loith furter
. having a rigid threaded rod el ectrode
lnduéwggﬁgﬁgﬁﬁgﬁfﬁgﬁg@ﬁrough, each of said el ectrodes being

el ectrically connected to said transfornmer/rectifier

by HV cable and insul ator and each being provided with

sai d high voltage DC power so as to enable the

Ito rTiagtipwigingfpagicubato sraulitive pBelaim Whewlsireinsaiddcollection section further

cylindrical tubular chanbers include inside cylinder

includeswarloliscttomatxhaest o tasremogtlosfMgdy figuidtdrepib@riromt 5AN g sttahd
corona, wherein said tubular chanber includes an
i oni zation section within which said particulate in
said gas streamis charged, each of said tubul ar
h ; i_nc N as.inlet. and .a.gas .
A rero g LR AR Th RS s pection i
. nsaid champer,. o site said gas inlet; a collection
verticallg 8% RorigantalE GisaPRed an i rrigated fixed or fluid bed
packed section, an entrainnment separator, a sunp punp
and a coll ection exhaust for the renoval of any liquid
droplets fromsaid gas stream and a conduit fromsaid
l16hEhgianzisg ptitionlateoscsetibdr 0O klagnatli, avhesds tshidnirridfled Packed section
nmet hod for renoving particulate froma gaseous exhaust

uses a vestioabestintGauteieddsipd.

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 being electrically
connected to said transformer/rectifier by HV cable and insulator and each being provided with
said high voltage DC power so as to enable the formation of a corona thereon, 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
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14
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conprising the steps of: providing an ionizing
particul ate scrubber conprising: a charging section
woanriisieng one or nore cylindrical tubular chaabeiss006/013445
each having a rigid threaded rod el ectrode extendi ng
cludi . . | » .
inc udlnémﬁge]@:l]lihgtgéf@gﬁ %aggglﬁﬁtggaﬁg %ggo@cie? %Eﬁlg %3%H§%dgegc tt%“re o 8edid chamber

r Sso as

. f ti.gn.of a corona thereon, wherein said
Oppomkfﬁﬁﬂ%ﬁﬂﬁ%%l tubul ar chanbers include inside cylinder

wal | s that serve as a ground for the formation of said,

3 GPOFFAON oFREAN cprluding; B EéRAtqdo Fixed coru diuith bed packed section, an
irrigated packed section; charging said electrodes to
entrainment a¢parasel, ¢t SN pamppasisa rgllsdiod ghsensr she emmoval of any liquid

contai ning said particulate through said tubul ar

droplets cloanied gpasicamahgt el ectrodes to thereby .
el ectrostatically charge said particul ate; passing

2SR QUi ABROMRL é}fafg%ﬁg%é‘cﬁemo%ii@ccﬂ%@ﬁ&l fgigection to said

col l ection section; passing said gaseous stream
contai ning said charged particul ate through said
irrigated packed section to thereby renove said

articul ate; and exhausting said gaseous stream )
I&A ﬁhgﬁ%@af% %Wl%@%{l@lﬁgtﬁ%’fl %%PS?OE%ICKWF sffeam, said method
~section.19. The nethod of claim 18, further including
comprisipg ghesitens odf passi ng sai d gaseous stream through
mul ti pl e charging sections and col |l ection sections.
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
being provided with high voltage DC power so as to enable the formation of a corona
thereon, 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.
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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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