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man- made pol | ut aftELD AICTHEINYENTHON wat er by

i ndustrial nations around the gl obe. Commobn exanpl es
[0002] of narmiLi@vention relates to apparatus and methods for reducing airborne

oxidized particulates and, more particularly, to apparatus and methods for treating an air
flow containing pollutants generated from the burning of fossil fuels, waste, etc., to reduce
the oxides to elemental material and water, and to remove elemental material from the air
flow. The apparatus and methods of the present invention also make possible the recovery
from an air flow of useful elemental materials, such as elemental carbon (including
fullerenes), elemental sulfur, elemental iron, elemental gold, etc.

BACKGROUND OF THE INVENTION
[0003] Our environment is becoming increasingly contaminated both due to a
variety of different natural phenomena and due to the introduction of man-made pollutants
into the air and water by industrial nations around the globe. Common examples of man-
made pollutants introduced into the air include airborne particulates produced by

combustion in hydrocarbon-burning power plants, incinerators, industrial processes of
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pol lutants introduced into the air include airborne
particul ates produced by conbustion in
whyasoesrbon- bur ni ng power pl ants, incineratorBCT/IB2004/003722
i ndustrial processes ofvarious kinds Iike snmelting
operations, nitric and sulfuric acid plants, internal
conbustion engines, etc. For the nost part, such
pol | utants conprise oxidation products of carbon, )
various kinflf like smelting gperraticpr@a@i:crmzandcs}ﬂfgmj agid plantse fréerapkcombpgiion
exanpl e, since coal includes traces of various
engines, iR UFdrtthemosi puel, sebhgllueats comipriss oxiditier proétats of aakbem,
coal is burned the carbon in the coal as well as these

sulfur, rhﬁ]%éh! feh@ SR, nPthed A&Hent§ Pl exiimplel §inSdiédall inchidesl@Bces of
and” ni trdgen’ oxi des produced fromthe conbustion of

vatious grﬁﬂﬁt%%glﬂ{:ﬁligwgqgads Hi.ln&%lv?x? BROWALS c80ds Bﬁ‘ﬁ?@ ﬂ{mﬁ)toggﬂ the

confai m nitrogen conpounds form ac
ontribute to acj

coal as el Feuemptes pE i Teuteae SEGGRL St itrosen oxides
approaches have been devel pped to treating the X
produceddfmgﬁ combysaenet yels comgiamg s HBbeRpRAIR @%@ﬁé?mbustwn of
plants, incinerators, industrial processes, interna
fuels that@obiait nito genginmesipdseform acils wh temtibutado peid raitast i on
of airborne particulates fromthese sources. For
increasi@¥lg Sidreficam0ahvilmbiehabcaeesr pl ants of ten enpl oy
scrubbi ng processes that use cal ci um conpounds t hat

[0003] " eact M’&n&@p?%%éﬂé% hevd iea dbRelbRad eMsdtthe combustion products
Unfortunately, the substantial anounts of waste

of hydrgga%%gﬁlﬁgﬁlrgg)%%‘f glgﬁ%b@gﬁnlgljaﬁ@é YoRisRa gfoglgégséé Fﬁeﬁ%ﬁ%usﬁon

Serious osa ere pos ) OW su

. coals are ed .in coal -burni ng po ant.s re
enginesg B BP0 Bg dreaneree ponE Redtt Rl BBlltel S hEE S
of power generation. Alternatively, sulfur oxide ..
exampleyfogkPeningaroaver glatsadicB Prpny sty @&meceﬁﬁeéﬁﬁ%t Usg cqleiy
tenmperatures, but this | eaves sone of the heatin .
compowrsis tieat odact With sulfir axidea ppfdm dypewon.] UAﬁo‘ttﬁm@telsarélm%lg&tﬁnttaé
treating such em ssions has been to use electrostatic
amountg o€ Giafte paddiics prediead by swchtsombbimggradesss ppesett seribwst disposal
In this approach various types of ionizers are used to

problerfis, S¥here RASIblNRIv-aifReHall ARAE&] M&Dal-Burhli power plants to reduce
particul'ates. The resulting charged particul ates are

scrubb%? ggqugrl%b‘laeﬁgstr ﬁtﬂ RS iRYERed Hle AL EWe? SEMrhfon. Alternatively,
sulfur oxide emissions are reduced by operating the plants at lower temperatures, but this
leaves some of the heating value of the coal untapped.

[0004] Another approach to treating such emissions has been to use electrostatic
precipitators to enhance the removal of particulates. In this approach various types of
ionizers are used to create ions that attach themselves to the particulates. The resulting
charged particulates are then collected as such in an electrostatic precipitator.

[0005] Unfortunately, the prior approaches to controlling the introduction of

combustion-produced airborne particulates have met with one or more serious problems.
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[ 0005] Unfortunately, the prior approaches to
controlling the introduction of conbusti on-produced
wa@poosouase7 particul ates have net with one or nDPET/IB2004/003722

serious problens. 2For exanple, they have not been
able to reduce em ssions to acceptable |evels, they
have been inordi nately expensive to build or operate,
and they have been enerqy inefficient. [Q006] The

For examples ey by aefthcemale Wegé%e Hpissipny o sceappbielckgadhephave
treating an air flow containing particul ate conbustion

been ingrilimdtety sxpensive tumsldtdreperate, ehdtieynhate beeh enérgy irmfitcient.
wat er. The apparatus and net hods of the invention al so

[0006] provi Tee pRahs ifvehtisieprovidegappacate) aenétBbdsfaE Bedtialk,an air
| eaving a cl eansed and greatly inproved air flow and

flow coﬂﬁhﬁﬂggpzirﬁclgﬁ@ bR Estion gi'&ﬁf?:’t’sec() r¥ficH ﬁﬁhﬁto@l&ﬁ&ﬁél%aterlal and
e d

mat er’ re desir FinalTy, the present

water. Tﬁ]é/ %g)ta%a%g% aan(&rln I{SC?S o%ltﬂ’le ﬁt’f‘ﬁ}g’g‘fﬁsoﬁ*’ﬁ% IneGs fop re%‘lctvngg#ﬁ/e

er enes are
evI I eI ment i.als t recover ed.
elementa@mﬁtﬁgg aglgllga’]r ¢ans qpal g;gzﬁyolalpaqvep fB)r akelng \1/t possible
invention, Fullerenes are a very dear and industrially
to recoviepfyelpetlp elemental sratesialsoshere éﬁ%ﬁeﬂs Finglly thepygsent invention
cl osed-cage nol ecul e made up of 60 or nore sp
achieves hl bf tidke elgdectareb ona bigblyssnemgyreffigient mamneexagons and
pentagons. Currently, fullerenes are known in the form
[0007) of spheNdrests af¢ bucditharedladtle tlepkaabhtesinld tity bambl fecalered
or torroidal shapes ("nanotubes"). Various conpl ex and

using ﬂﬁ&?ﬁ&%{u‘é%@ hRERBTTheé} %@séﬁ@ WRNfi&H. FRNQEMSIRTa very dear and
erenes. Because t processes are so conpl éx, and

1ndustr1taﬁg u‘}{néﬁjtagl‘? f().sH%l S b0 ?§4ﬁlﬁtall e Qfo@%(gg{gglrﬁol?&ﬁy ma&g 5% of

resent rnve
efflgl nsive ne for du0|n

e
60 or g PE IZF@%E R rmees i afis Bof prries ?élmenﬂ%
i nvention operates on only a small ampunt of ener%
fullerengp ate knamsp e fermof peheniodd(beclupiagertyliaersy) and enigdpicakor
coal - operated power plant, carbon nmay be recovered
torroiddl sapet Krapbtahes™s &’anixbwmmp&exaamd exppBhtegudaesses ateda vitpfor
fuel conbustion, greatly enhancing the efficiency of
producinB €ulpewess. Beadise the processes are so complex, and the yields so low, the
resulting product is very, very expensive. The present invention provides a far more
efficient and inexpensive method for producing these materials.
[0008] Since the apparatus of the present invention operates on only a small amount
of energy, when the apparatus is used to treat the emissions of a coal-operated power plant,
carbon may be recovered from the plant’s smokestack and repeatedly re-used to fuel
combustion, greatly enhancing the efficiency of the power plant.
[0009] Finally, the present apparatus is also useful in reducing landfill requirements.

For example, since the invention is so efficient in cleaning the air, it makes possible the use

of incinerators which have been heretofore banned or discouraged because of the difficulty
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[0009] Finally, the present apparatus is al so useful
in reducing landfill requirenents. For exanple, since
wo b@siomsenti on is so efficient in cleaning thePei/B2004/003722
makes possi ble the use of incinerators which have been
her et of ore banned or di scouraged because of the
difficulty 3of effectively controlling the air
pol lution that they produce. Thus, nmany naterial s that
of effectiviehyeconitrollingahe dir ipellutmyi thastiayeptodeoze Thusmanyrrdaterials dept
unnecessarily wasting substantial landfill area. If
otherwise WeduldvBé Ricir@tfedhivebelielabdHfilied, inhe¢assirilg wastirgssubstantial
treated in the present apparatus this would greatly

landfill a{r%g lIPﬁ}cfll?ﬁaté’I‘?Aly BRu1@be biied SITREREAD I EEdatld i0RRd PREdLY
the co I b

ected el enmental material) which could then be

o005 B A LIPSy o
VA BT L O R S

greatly reduce the volune of the mned |landfill,
landfill sy sFurtharmore, absadyiurind lanflll matesial may be miped, ingiegrated,
SUMVARY OF THE | NVENTI ON [ 0010] The present invention
treated it ao@riaes with thp peasaitiisveatich aret fetoninddoo the leadfilhtp gneatdhy r
flow containing particul ates and/ or oxi di zed conpounds

reduce tRE vElRIRYT themirded landfilofbaRst Aty eiterndimp e lifetindhef the landfill.
apparatus and nmethod utilize a receptor having an

i nner surfaceSﬁmﬁugquhgﬁﬁgqmwgmﬁﬁnmaving a body

wWith an outer surface spaced fromthe inner surface of

the receptor to defi . reac 0 :
10010] 1o PRt L Ay i AR AR RGPS elfg g i
receptor, A plurglity. of electrically conduct.ive point
flow conGmptietiboimlons i rTgHITIE B, SR prion e Sthér
el ectrode node into the reaction zone. The el ectrode
elementpodbe aprpratheandmethed ptilizes repenteriaying ap ipagssutfecs. ppdm
each other and the inner surface of the receptor is
electrodemode bivdrg b dody wiithdn oitey sirfamg spaed five ths imles sunficeaifitlye
connected to the el ectrode node. Finally, neans for
receptol tdtde@iele 6 ir&i@tian zahd betverty thobwtet $ieface afiht dody amtbthie $nner

provided, for treating the air flowto renove the
surface BRIHe! rESpRIre S BIMFhIAX b &Gk aH9 TBRURESe point source electrodes project
from the body of the electrode node into the reaction zone. The electrode node and the
receptor are electrically isolated from each other and the inner surface of the receptor is
connected to ground. A voltage source is electrically connected to the electrode node.
Fihally, means for introducing an air flow into the reaction zone is provided, for treating the
air flow to remove the particulates and oxidized compounds.
[0011] The apparatus and method may be used for a variety of different purposes.
For example, the apparatus and method may be used for treating an air flow containing

pollutants generated from the burning of fossil fuels, trash and other materials to reduce the

oxides to elemental material and water and to remove the elemental material from the air
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[0011] The apparatus and nethod may be used for a

variety of different purposes. For exanple, the
wa@ppanaisos and nmet hod nmay be used for treati ngPENIE004/003722

fl ow containing pollutants generated fromthe burning

of fossil fuels, trash and other materials to reduce

the oxides to elenental material and water and to

e_the el enental . mat rlal m t he a.|rflo
flow. 4845 peiie STRe it B Sl b wistiputilonal-Sperated
em ssi ons of coal-operated power plants to inprove
power plgats {0 gpprogs Bk piligjencydaresqvierne sinben fioroihe Pkt pisaions and
em ssions and reusing the recovered carbon as fuel.
reusingTthe regppered tarbomadfunk t Fedpparpiusend sedhddbmap teoged to reduce
landfill requirenments by burning waste in incinerators
landfillasguitenesitd Boburhieg wisten s itlitdraters 53 itRRAfnd heiRGMFROT emissions
elemental material which is then landfilled in far

V&St i9 el igi
oA LR 1 0 o

o S PO, B P oL
dfi.l . as over ed ele nt al materlal a
material it Syneiried HeRIAEl §roor e ctpaptal oalSral dad twes rmfandil
be used to produce val uable el enental material such as
as recoyged elegratal mpfrrighofIESCRdPRdOrelope THRaBRAM NESrdtooam] method

The features of this invention which are believed to
may belsed tovpodaceevabimblefaberhdntalithdtepa sticlcad fatleteyied. n t he
appended cl ains. The invention, together with its

obj ect s anBREFIIESCRPTIOBRYOPTHIEBDR AWUEGSt 00d by
reference to the follow ng description, taken in

[0012] CONj UNGHel f04udk Bf‘thfsriﬁvélﬁlloh%ﬂgat‘é rb@l’%%ﬂsto bk HOQ/%I igfetke{ Fdth

ref erence nunbers identif ke el enents I n

with pa?&c\ﬁﬁ%r?tglutl 't}%léﬁyggnd%ﬁ] glanﬂ V\ﬁle fﬁsp tg)glg'%ﬂ e{i F%E Ats0 h%:&ta gﬁd

evat Irew Oof ah a
air flow cont aj alr orne o I cul ate

advam%&?aap@éﬁv%‘éew i B ree o o qr&]twmf@\?ﬁe

IS top pl an V|ewof t he apparatus of FIG @Lﬁo
ConJunﬁlcnlJF@@St@/fOH%\dmg prayyiggs, én pleshilikeirpfesenee sumbers ideatif

and a side elevation view of a rubber tile of the
elemengd incdhe saverahBgwepadlinofhithve apparatus of FIG 1;
[0013] FIGURE 1 is a front elevation view of an apparatus for treating an air flow
containing airborne oxidized particulates in accordance with the present invention;
[0014] FIGURE 2 is a top plan view of the apparatus of FIG. 1;
[0015] FIGURES 3A and 3B are respectively a front elevation and a side elevation
view of a rubber tile of the electrode node body of the apparatus of FIG. 1;
[0016] FIGURES 4A, 4B and 4C are diagrammatic representations of the preferred
(FIG 4A) and different possible shapes of the electrode node body and corresponding

receptor (FIGS. 4B and 4C);



[0016] FI GURES 4A, 4B and 4C are di agrammatic
representations of the preferred (FIG 4A) and
waledosmuasmt possi bl e shapes of the el ectrode noPET/BI§4/003722
and correspondi ng receptor (FIGS. 4B and 4C);[0017]
FIGURE 5 is a diagrammatic representation of an
errbodi ment of the invention in which the treated air
flowis recirculated to inprove the syste
[0017] ef f e KIGLEE§4s 2 disgrangoats) represupation qfjah gmbpdiment of the
alternative enbodi nents of the point source el ectrode
inventiohiip whiRthTtA¢ trEide DEBSCRWAT Ir it cOlatddRE HERREO HENBORIMENT B €Dfess;
THE | NVENTI ON [ 0019] Turning first to FIGURES 1 and 2,
and an apparatus in accordance with the present invention
is illustrated. Apparatus includes an el ectrode node

[0018] Pody IE‘I@’UISE féé}ﬁuétﬁv it a%ﬂémﬁmﬂ}ﬁ%ms %Pﬁﬁ%ﬂﬁ%ﬁ’eé’&%ctmde

and space rom a funnel -shaped receptor
el ectrode node body and receptor are afflxed to a
support structure di sposed about the cone and funne

DETARED BRSJeRsRaNOF RbErEsAEN ﬁﬁ@é@ﬁﬁﬁﬁﬁﬁt%?@%ﬂl\gﬁww

16F - 16H and ot her attachnment nenbers,
[0019] appr opwiningefirst @rFIRGIRES § apdhe, @1 awpeiabyd On@ a@c%é%nye with the
receptor and ot her conponents of the systemin place.
present veatioes ilbiistiatude eApareusal 0 ncluded anosicailods npeobddydl2rtsving an
161- 16K are attached to the interior of electrode
inverted\QFR-sAASY, s@peAdd dbdvé Bfd SRcdPRoBQMuRMIENaptd recEhor 1Ar e

support bars are also joined to a comon center 20

electro%?vc\)m@é bg%a( Srid i %ﬁ{nﬁee for)ﬁeﬁ.tt(g le%@é)?tﬁg{lgu%zl fpcﬁl &9& gbout the

Interior tro

tip.

cone angtnfaed Sompifle 76 St Rrten B S Blarkf b ol
horlzonftﬁétnée%ggpsz 1%1[:@18%@] ed ; 3{5]5 gg]é?—L ) r C aI l qu A gn%?n Ie}/se as

electrically isolated fromthe systen1by suspendlng
appropridie fholigidingdhe tleetradsrtode badsiseqeptor s othersomnpnygsiobihea
series of insulators
system in place. A series of three generally horizontal support bars 161 — 16K are attached
to the interior of electrode node body 12 along its inside top periphery 18. The three
support bars are also joined to a common center 20 (FIG. 2) from which a central support 22
projects downwardly into the interior of the electrode node body and is attached to the back
of the distal tip 24 of the injector. Support bars 161 — 16K and central support 22 are made
of an electrically conductive material.
[0020] Electrode node body 12 is electrically isolated from the system by
suspending the body from horizontal members 16F, 16G and 16H by a series of insulators

26 which are attached to the bottom side 28 of horizontal members 16F, 16G and 16H and

to support bars 161, 16J and 16K.



26 which are attached to the bottom side 28 of
hori zontal nenbers 16F, 16G and 16H and to support
whaos/046817 16J and 16K. [ 0021] El ectrode node bpdi1B2B04/003722
conpris a series of interconnected al um num franes
30 si zeWand shaped appropriately to produce the
desired coni cal body shape. Rubber tiles 32 are
nounted in these franes to forma continuous cone
[0021] st r ucElgetzodemade pody &P campnises nispties3d antexsonhdotest alaminini n
FI GURES 3A and 3B. The front surface 34 of tiles 32
frames 3®siged did shupey appropratty fprodiee eheeddsired eonicud ®obpshapand
are generally snooth, with a series of point source

Rubber %'le%@@ra%jﬁl%uht@d 1M 10 %11%{ R lzéﬁtﬁﬁbﬁé @(qle@aﬁahﬁes A
projecting fromthe surface of the tiles. These

represerrlltgtz\ge 92 325] ‘I:s 1§g§ragedslg%g§UR%% A glgd %B pgﬁg iﬂe& sﬂ?ﬁ{:\g ?ﬁ' gf tiles

an éxpan
nducti v be nmade, of st

f bl
32 formgRE e PorEe ORI Seos hodd hcx%@a% AseneRlfgmapt W@WGS

resists corrosion and can take and maintain a_fin

of pointsieyrqs elacodss inthe fora of shasplyrnojntedt asedigs @ r@%@&&ﬁw the
stai nl ess steel needles intended for placenent in
surface lof feddesri Thesy néadipssncdude asherp, ppnGAZip 38 e shalt #0endin
el ectrode node body 12 is covered with at |east one
expand&d Bt 40f Tavy eluechd dleatidajlyeondlivtie wed, pedferably, willlbénade of
alumnumfoil. In the present enbodlnent three | ayers

stainles@ ktedl df%ﬂﬂ'l@} él@éthcé‘lfly%onﬁﬂc%v@ AehtEERE Fesﬁ%oédrﬁ)gmh%nﬁ R&n take

|nner surtace of thHe el ectrode node body, adjacent the

and mam a1 Vi’%!el §h%?p @]& 3 éh& tthle b?e%e&@%%ﬁ%ﬁ@ﬁ%ko&ﬁeﬁ @Eu SIS steel

prla esive's ur et hane
flrst foH

t.he nd the, front of th
needless‘ﬁ@ggadzﬁfkmgﬁ ’ﬁéﬁgﬁ%({%’é‘ﬁ SYESs ﬁEec‘éS§§| ve abutting
surfaces of foil sheets 4 , 44B and 44C. [ 0023]
[0022] Need| die dsidecfetacioganede hody 42 dnsnystedanithit lgast opggheet of an
them t hrough foil sheets 44A, 44B and 44C and then
electrically oagluctivvemptehiblesuch g dsmimini foik He tiexpraswié dmbadiceaR thyke
t he needl es abuts the exposed back surface 48 of foil

layers sfh@@hinfdGoil F4AC @4Blahd 04 C bheapphediioatic ainer alrfare e theidlectrode
this manner, electrical continuity is achieved betmeen

e g e e e i ity
such as &)%%retﬁ % @ﬁe between the back walls 46 and the front of the first foil sheet 44A
and then between the successive abutting surfaces of foil sheets 44A, 44B and 44C.

[0023] Needles 36 are electrically interconnected by driving them through foil
sheets 44A, 44B and 44C and then through the rubber tiles until the expanded base 42 of the
needles abuts the exposed back surface 48 of foil sheet 44C. Since all of the needles are
attached in this manner, electrical continuity is achieved between all of the needles and the
foil sheets through the electrical contact between expanded base 42 and foil sheet 44C as

well as the electrical contact between the base portion 50 of the needle shaft and the three

foil layers. In assembling the apparatus it is preferred that the electrical continuity between
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well as the electrical contact between the base
portion 50 of the needle shaft and the three foil
WO ay06/0%6871 n assenbl i ng the apparatus it is preP&r/BEd04/003722

that the electrical continuity between 7each of the
needl es and the foil be checked with an appropriate
conductivity neter, to ensure that all of the point
source el ectrodes are int egrat ed in a comon

each of Biegeedles and the feilibe chephabwith owpprroprgty cendustivitemgicago
are shown protruding frominjector tile 32a, in

ensure thatatltdfdke pdist soutcerelestrofiace ditegehted inr ® denmod eleotidyl discuit.
covered with nyriad protrudi ng needl es preferably

[0024] ev enl wWisleaeBth R4 edlek AR ﬂabwntpr&m&@%ﬁoﬁfmﬁa@huléf3zbhﬁ
iles. Wiile the actual spacing of the needl es can

practme‘fﬁ%éfut@xsﬂgﬁéé BFQgctg{? enddPbERETY 5% oPEEh Wﬂﬁ"l%ﬁ%ﬁ@ﬁhvbn

ctro node f bhaV|ng an |nverLed cone
2
needies B0 S s SReclh ERRbIeGRol tichiof ef:f'*‘%‘?%ox'

actual AT hibe RERMESh VO, Faer el FOPTegRATBHoREAI @ @chde
needl es may be used as needed, it is belleved t hat

node bodfidayingan éisverted cons-ghapg with agotfees/asda of aliout Pa%mg malkhawt
practical nunber of needles. Currently a spacing of no

approxilmagdy 1h800 adedids of @bsnnOadddnmaliameter pilogaetiap Gom idsSsunfiace, S
believed to be optimal. Also, in the illustrated

spaced ﬁrﬂB@Qﬂ BRI bdtWeert ddjRSnedcRRPOWhiKE oWk dt drétit&iNaHers gind
the needl e shafts protrude about 40 nmfromthe front

needles%irggf s Qfas é&%e& i ﬁsbehéx%gztﬂtt tho ré%%sf‘éfﬁ%féﬁ?ffg achieved with

used rese I nventi o
tte r.ef 0

the greff ¥ Blallipd UGB Shoeditt p§vlﬁ?nﬂ§f&ﬁpg R REbE fshiians P('f*% mm

shown to, be hypoder dl es, of any
and no gopg fhpp AkoYE A3 M ﬁﬁ:‘PﬁT@@%ﬂP f&ebfr&wlal o?‘¥ﬁ° H‘tthf’ 5@8@1‘?@@ al

end. The shafts may be round, flat, trianqular,
embodimeat, dinglilesare abew 4 cran ticknessdandaha opedle sh ngatrude about 40

sel ection of such structures is shown in FIGURE 6. In
mm froal the f@acsyrfaat of thasilest he di stal end of the shaft has a

taper leading up to the tip and the tip comes to a
[0025] Si ngl ghs E&h@s&@édﬁlec‘[ﬂ-ﬂ@s 361ed iR thel fi€sch RO EntTBRAYbeNBIbcial

but as sharp a taper angle as possible is
attention. While in the preferred embodiment of FIGURES 1 — 2 these point source
electrodes are shown to be hypodermic needles, they may be of any structure that includes a
sharp point at its distal end. The shafts may be round, flat, triangular, rectangular, etc., as
desired. A non-limiting selection of such structures is shown in FIGURE 6. In all cases, at
least the distal end of the shaft has a taper leading up to the tip and the tip comes to a single
sharp point. The angle of the taper may vary but as sharp a taper angle as possible is
preferred. Appropriate point source electrodes will be observed in the dark to produce a

luminous discharge surrounding the tip when, as described below, the electrical potential is

applied and the tip is disposed in the air flow.
8



preferred. Appropriate point source electrodes will be
observed in the dark to produce a | um nous di scharge
waarosowsdi ng the tip when, as descri bed bel ow, P€TYEB2004/003722
electrical potential is applied and the tip is
di sposed in the air flow 8[0026] Needl es are provided
with an electrical potential by electrically
connecting a voltage source such as a transformer 52
[0026] to elNeedles Béahieyproddediwithwe ekepimel potbriad b 6lbctrically whi ch
in turn are electrically connected to the back of the
connectih%:h Q6kAe soliRe shiéh 450 tran3fAmBLHT & dlectiibiglyneadh@ie siffiidrebars
the negative |lead of the transforner is shown
161~ 16K AMIOER A e oGl PEDRicc0Rh HRBOPSL L REEED 82 fofl and
sw tched if, .desired.. conventi onal el ectrical
hence toge e naifedie hEEniveibha BF heRish Bpfer S Rk pSfiged to the
o transforner produce a valtage in the ra of about .
injector angl the posifive lead tugRuad (vaueh fs; ms%f.errm%oa theee Terds may e seitobed if
enbodi ment, a transfornmer producing 300 kV DC and 250
desired. mAny somsationallekeciymakimrisiirmengarbles useds ltanprefyrradahatsoe
varied commensurate with the nature of the
transforaf frb@ubeal wsttagdin the raxige of hioout 1043000 &Vethmiugh kavetifier.t ethe
air flow, etc. [0027] Turning now to funnel -shaped

illustratd @GIdRherk4a trhdsfbrinct PRIAutMNEB 0D MY DEGRRDO0 MA K usdé s The
continuous conical inner inclined surface 60. The

i i St Reth i 2R AR particulat
pOtenuag}riiltﬁgFg?&?s?aggéﬁg%ﬁw\?\%{lﬁ%ﬁ%%éﬁﬁ nuously suppli edp t (lacu e
. .the trough rin he eration of the apparatus by a
in the a‘bﬂ?ﬁﬁ’%}@r%feé’gﬁﬂ‘a (&;ﬁ]{’ee?lr ﬁg‘grﬁ?‘g reservoir 68 and

delivering the water to trough throu suppl ubes
[0027] 70 arBha gt R pRaksRsg RO et £y SO L BERFEP i or

the outer edge 62 of the receptor covering the entire |
includes meretiniions doned! wner inclinedfsurfhes G cBstaptengidee 63 of the receptor is

continuous film74 of water. Since it is preferred

encircletl bgtantaheulentrough GurVaeeisaontimeuskyceppled tb¢haoatghdluminglthe
the filmof water during the operation of the

operatiARITSpparathd ¥y 4 ﬁlﬁﬁf%@ HrdvingNatth &oRtdresérval d8emedelvering
condition as possible so that the water falling over

e w15 RSP PSSR S 0108, 0 e s
over the outer edge 62 of the receptor covering the entire inner inclined surface of the
receptor with a continuous film 74 of water. Since it is preferred that the entire surface of
the receptor be coated with the film of water during the operation of the apparatus, the
receptor is maintained at as level a condition as possible so that the water falling over the
outer edge does so evenly about the entire surface of the funnel-shape. In the operation of
the illustrated embodiment, pump 66 supplies water to the trough at a rate of about 600 m’
per minute.

[0028] Receptor 14 in the illustrated embodiment is about 5 meters across at its

outer edge 62 and about 2 meters in height. Inner inclined surface 60 of receptor 14 is set at

9



the illustrated enbodi nent, punp 66 supplies water to
the trough at a rate of about 600 nB8 per m nute.
wQ 0@208)6sReceptor in the illustrated enbodi nent PCHIE0GUI03722
5 meters across at its outer edge 62 and about 2
nmeters in height. Inner inclined surface 60 of
receptor 14 is set at 9an angle of about 45 and is

di st.ance A of abouyt 0.5 ters fromthe outer
on ang QP FE 3570t 5 354he = Q08 Hosvoul B erciers FRuseo puty surfuce
. 12 creating a funnel -shaped air treatnent region or
of invefted,eqnegthapestrlecitods @pdikarit Re crestieg aftntlishaped sinfreaioest
. This spacing may be adj usted as necessary or desired
region gigegfitonrzone 4§ hetwspr thetcona and fimpplasuafaces. This spaciagthay be
conventional manual or notorized nmeans may be provi ded

adjusted aohecebmavwn)r desirsditeoptingzethe ©peaden Bpﬁg)apﬁ@/ 104Pnd&,

down with respect to the receptor (and/or the receptor

. ] i [ {0
convenf/igl’?d)y n’{?lﬁgqggrg&@rﬁ%@erflgégg griary%gg)lrft?\?gﬁda (35 yl'}olvs%ng itcg FAGE ol

Ry er-carryi i nner rface 60 of
clectro® U8 LREP 15 88l BEwUSIE RHl RSP BB s reuster
. as an Xy._coati.n .which in the illustrated

with regpRe(} itﬁﬁﬁﬁ%{@%gg%goggmwﬁr foryeEx Hés®aging. fil |l ed with
dielectric particles. Preferably, this insulating

[0029] ¢ oat | AGduienaliydt ispeaferaed that the water-catping dpnee dggaasf60tdfahe
receptor. It is further preferred that this coating be

receptonbgeivierqsidyi ahiasuleting @etihg sirhews auchacLcobme 8agidyintthe
water filmand to maxim ze the rate of flow of the

illustratad tmbodintent HobBUOEM MUREENGSBAE Alled WRBIHidIRGHE PRicles.
surface 60 of the funnel receptor. Notw thstandi ng

PreferalSGIPj this inShtald QAL @it%ﬁlﬁ’aréd}ﬁﬂl tﬁ\%gﬁ éte 121% I}%éec%e ©of the receptor. It

ectrically grounded as w

is furthe%rgﬂgfgilrem& ﬁ?@@d'a(‘,ihg Hl: ﬁfgh A 120?%sﬁ$cﬁ§tf?§ﬁ§aaebgﬁyaf:ﬁ ggverage by the

ceptor configuration
Lment. of the inyenti of FIGURES 1- 2 (and in
st SRR S B AP P LTS i e e
incli | GURE 4A% ot her confi %gr ations may be used. For
incline ¢ 60 of the Tamned recepter. Melvithsiaydiag this sseleting comtingbthe
bow shaped as in the diagrammtic
water film is electrically grounded as will be described below.
[0030] While particular electrode node body and receptor configurations are
illustrated in the embodiment of the invention of FIGURES 1 —2 (and in the corresponding
diagrammatic representation of FIGURE 4A), other configurations may be used. For
example, the electrode node body and receptor may by bowl shaped as in the diagrammatic
representation of FIGURE 4B or they may be otherwise shaped. It is preferred, however,
that the corresponding electrode node body and receptor surfaces be substantially parallel to
or equidistant from each other and that the electrode node body and receptor be

symmetrically disposed about a common axis. Also, in alternate, presently less preferred

embodiments, the electrode node body and receptor may be simply flat surfaces (FIGURE
10



representation of FIGURE 4B or they may be ot herw se
shaped. It is preferred, however, that the
w@erosesondi ng el ectrode node body and recept oPCT/IB2004/003722

surfaces be substantially parallel to or equidistant
fromeach other and that the el ectrode node body and
receptor be symmetrically di sposed about a conmon
axis. Also,.in alternate, present]y |less preferred

4C) cargyipg ryradroint sprceelgefadssas desgrbeshahpvamdththe engee betiggn the
be sinmply flat surfaces (FI GURE 104C) carrying nyriad

flat surfase gonstivufingghetesetionordss. as descri bed above with the
space between the flat surface constituting the

[0031] r eact i Afiterzlenwatef BRI doAr idneit inelinvdtsarfate 60/ef the £hYtor, it is
inner inclined surface 60 of the receptor, it is

collectéPinl @GnadIat Buten 78 AR HIBHs Ghi BF gherBfbulsh Qﬂ’%ut?ét@@t%‘l%gwoir

gutter through an outlet 90 to reservoir 68 from
. (.S r i ngLhyough.a ~o -

o on et £ R BNTR 0 L e ARARAAR 007150 7

. . . . d.
ctecti G R TE s BSmtT ip BT o DA e 2
) cofjventignal filtering neans may be used. For_ exanpl e,
is showgrthagramptienllys pryrrogyentionnlaliering mensg mgydeasgd. For example, an
. lighter-than-water materials collected in the
air flotatemerygisiy may bkesed arltsosbypightar¢haswateuatrialses]le@tdin)the

are skimred off the top of the reservoir |eaving clean
reservoiaike chibon berdtioles, fullerehs, éteg @apd skimmnled offfvhie kdp dfshd RE@Foir

enbodi nent, reservoir 68 holds about 3000 liters of

leaving\@é 81 watkPR3 2dturh6 tHY R&PRdr, 3R Bﬁriﬁﬁé’c?atécﬁerhwcﬁrﬁglﬁfjreg&voir 68

treat an air flow containing oxidi zed particulates

holdsa%g?tt?)dO%litﬂJs()Pﬁ%le.d into funnel -shaped reaction zone 45

ween the el ectrode node body and receptor surfaces.

Th ik fl be i.nt dinto t i r tr.eatnent
0052108, o T D 050 L L S LT
e L b B 0 e i e

chanber will include one or nore inlets 100 (FIG 2)

node bexsednst igptpjorcuifesese dhe aks flomomay be intaiduesst intottbe air tehtowent
in an annul ar fashion about the air chanber. Air

region floandiéferelotatonatin tHesipparptud O Bovenaathlélah innular air chamber 96

may be disposed about the outer edge 94 of annular trough 64. This chamber will include
one or more inlets 100 (FIG. 2) preferably oriented, as shown, to direct the airflow in an
annular fashion about the air chamber. Air chamber 96 has at its top 102 a radially
inwardly-directed annular nose portion 104 juxtaposed above trough 64. The top 106 of
annular air chamber 96 has an annular opening 98 from which the air flow entering air
chamber 96 is ejected. A deflector panel 108 is provided encircling the trough above
opening 98. Deflector panel 108 is spaced from the inner inclined surface 60 of the receptor
to provide an annular opening 110 just above the outer edge 62 of the funnel. In the

illustrated embodiment, this cavity is about 6 cm across. In a preferred embodiment, a
11



i nwar dl y-di rected annul ar nose portion 104 juxtaposed
above trough 64. The top 106 of annular air chanber 96
whawsamsannul ar openi ng 98 from which the air PCDMB2004/003722
entering air chanber 96 is ejected. A deflector pane
108 is provided encircling the trough above opening
98. Deflector panel 108 is spaced fromthe inner
inclined surface 6Q of the receptor to provide an
guard Lz {shoyyn eplangedigs positienedinsnboterdee 62 of thedyendd o pfevertidhe
funnel. In the illustrated enbodinment, this cavity is
enteringlagtovefrom iaterfogsg with the flowfod mrata oetvitbel imensurfaae of the funnel.
llguard 12 (shown enlarged) is positioned just above

[0033]edge Giheaiir idve comainily dxddipsdyetidulitbeeis pRIfeabRGupplied th AW
frominterfering with the flow of water onto the inner

chamb&Wd @er #bodifiR ﬁe%éﬂ e bre_sétgg3§;fh a-ﬂj]ﬁfr?ﬂ (hol 41'1‘3% fised i N9

oxi di zed particulates is preferably supplied to air
I (L] h essure. air
ncceleGAPRE 0% WARRH ultS e G oBE L0 RERER U Gropt 7o B g
that it enters the chanber under a pressure of about
0O mm wat er colum. [0034] In an alternate enbodi nent,
the air flow containing oxidized particul ates may be
[0034] 5y ovi JB@neleraate embogdiment,the pia flowrcontaining oxidiged paitichletes
122 and an outlet 124. When the air flowis supplied
may be grovided teceodntial aiachancheatBe having areiier1@2 nedan bottet 104 When
45 fromthe |l ower part of the funnel-shaped receptor,

the air floefie saipligd oy BssSeshtraietdr dfnthRs Gf dite sl reab@LzonE 5Tt the lower
fl ow noves through the reaction zone contacting

part of IRERHhES -sBEpdA 8L, s i ?%66%‘{1 %Iégﬁlrleeﬁ 64 &&Px?bémt%\e/?.oﬁlﬂis 3f flow

col

descri bed ‘earl i 5 n anot her alterna

s BRE P A A BBV oL P2 g

i qpraye, the efficiency of the system This may be
bOdyaﬁggﬁﬁ%F?QﬁEﬂﬁ for exanple, as illustrated
diagrammatically in FIGJRE 5 where a portion of the )
[0035]3) r eady) anptben digate epbediment, mears areproyisied fasrepiscwatingrthe air
of f of the bottom of the receptor through central air
flow passimgitienougle Gactiaieront H6 imotdeoto nipraverthpeffivich2d ofithe system.

This may be accomplished, for example, as illustrated diagrammatically in FIGURE 5
where a portion of the already treated air flow in reaction zone 45 is drawn off of the bottom
of the receptor through central air chamber 120 under the action of air pump 126 and

returned to air reservoir 96 for reintroduction into the reaction zone.

[0036] The operation of the apparatus proceeds as follows:

[0037] A. Transformer 52 is turned on to produce the desired voltage at needles
36.

[0038] B. A continuous film of water on the inner surface of the receptor is

started by turning on pump 66.

12



returned to air reservoir 96 for reintroduction into
the reaction zone. [0036] The operation of the
wa@ppanaisos proceeds as follows: [0037] A Tr anB€DIBRE04/003722

52 is turned on to produce the desired voltage at

needl es 36. [0038] B. A continuous filmof water on

the inner surface of the receptor is started by

turning on punp 66. 12[0039] C. An air flow containing
[0039] o di zcgd pd¥i i fipwicentainies exiflizgd pargiculetea pleding, fobexample,

oxi des, sul fur oxides, |ead oxides, zinc oxides, iron
carbon xidgesulfanakidés, lead osides einci axides iramloscides, biid SR okidketss

100. Where apparatus 10 is used to directly treat a

introduoedythréiigleat 100 Whdre hpatid 10 & lﬁé&f:oedifé‘éﬁgrttﬁﬁf ahigg air
fl ow be cool ed by any conventional neans to a

temper?tlﬁf@aﬁf AbWIEis Plefblred Bi8Sthe ﬁg?}%‘v 1‘5%0c6091ed£]182§(‘n|‘}] coRVerEHflgf‘rimraans to

ow fills annular air c er 96 an ts annuWh
' 8 [ dAg through reaction zone 45, ere
atemp%@%%t??agte%botﬁggé) r??er act with the needle tips

protrudi ng fromthe_quter surface of the electrode )
node ggdy 'bﬁé“réi!l‘}w gﬁi Uiy afrrhampeico sk siidis anpylar opening

el ectrode node body and the receptor is accelerated to
98, traveling Hyeugthisagtinnaone ¢ ovhdse theeérriseh & intiradt veituthe aeedle tips

el ectrodes (needle tips) and the oxidi zed particul ates
protrudig omabaubutendurfahe of tht eleaizddearvdebodxi Tezgdentering the space

particul ates and the point source electrodes of the

betweeh fieeglé@rode hbe badytinaare RAEHTbLCY addctSated 1 Bighadls thelifWraction
are converted to el enental carbon, sulfur, |ead, zinc

betweef ik 'iﬁtvs%ﬁrc@életcgl%déc(hééaib %I) %F&?{%ﬁ)%%ﬁ%ﬁielates as a result of

el ectrodes and drop into I nner

4 06l rface. 60 of e funnel, and are rried of
e i 08B B S A 3 e P8 RS
... elemental .material may be separated, discarded, )
oxidizegpticulales in dhecair gy SiReqnrered iosbaragpiat caon, il logd give and
) oxidi zed particulates rises through the air treatnent
silver bydhe ationnd thespaipesoue eleatindasiand drapeintniater filne 74 on the inner
at nosphere.
inclined surface 60 of the funnel, and are carried off to reservoir 68. Once removed by filter

[0040]

92, the elemental material may be separated, discarded, processed, etc., as desired.

[0041] E. Air free of the oxidized particulates rises through the air treatment
region and escapes at channel 91 to re-enter the atmosphere.

[0000] The above apparatus may be operated indoors, since the exiting air flow is
essentially free of undesirable particulates. Alternatively, it can of course be operated out-
of-doors, preferably with an appropriate rain shield (not shown) protecting the electrode
node body, receptor and other potentially vulnerable components of the apparatus.
Additionally, two or more apparatus units 10 may be grouped or linked in tandem using a
canopy to collect and recirculate the air output from channel 91, to act as a failsafe structure

should any one of the units fail. In an alternative embodiment, two or more apparatus 10
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[ 0000] The above apparatus may be operated indoors,
since the exiting air flowis essentially free of
waressiasabl e particul ates. Alternatively, it CROT/DE2004/003722
course be operated outof- doors, preferably with an
appropriate rain shield (not shown) protecting the
el ectrode node body, receptor and other potentially
. vul nerabl e conponents of the apparatus. Additionally,
are linkeghdn tanderp by caBpetingtthe ain altpyt frem dofErstappappies wing d caeply
in tandem using a canopy to collect and recircul ate
extendipp @veri chaongl Puis arfdrfeeding tervelle@dd air ougptt indSinfetd 800 SBF Rcond
structure should any one of the units fail. In an
apparatdb.t er nati ve enbodi nent, two or nore apparatus l13are
l'inked in tandem by collecting the air output froma
first ' ' over, chann
10042] g S SaPEAG: b oY RSPy EERE e PR R4 SlIREREom

, and feeding the co I'Fou

d a ratus.. [0042] Full erenes can be
rese”""%r?‘%d drefdf 3”3’%@8?F%&ﬂﬁ?ﬁog)ﬁ%%@&ﬁh%rﬁ%@ B YPIYeReaRd
hvd fLon1rese{v ir 68 Freferably, when it is desirable to
ydrocgrbgr seEce(speh PuiPkive! orpagalip) isibamedrapd tieted b nppasaiue 40 in
(such as jet fuel or paraffin) is burned and treated
order tqypinipyize the presenee of dapurities in thierfiilerendiingd pesdent eThef fullerenes
inpurities in the fullerene final product. The

producéd, lihduding €5 Corl Cephd Cih¢; naglibe gegogatedmysifg sagea@Mabheans.
usi ng conventional nmeans. [0043] Wile it is believed

[0043] t hat  twikild iIRMliandd @RACh ﬁﬁ?&?ﬁ&e &x?dn i\i/xge%#a&@d égﬁlisﬁqéggvé@in the

t he apparatus and nethod o Ion are

apparath€ 8 fnegﬁfodtotf‘ erlﬁ%lt'ighia?ékpggesgtcﬁg?{%;@hg@e@é8%%1{6‘:?188‘[8% by

produced at the tips o
i pal ar, i.gni.zati.gn, which ve actively reduces.the .
hydroggfhiidyeld asHhe fiios2he nginh ot EleCaadehy yriedlifdoniaatag, which
l.i 't%gﬁin t he, coverage of the present invention to
very a°5H§Tth p3,thg oxjdized gurclas; splicyts Ho mpt igtang terbe Himited in the
appl i cant suggests the follow ng possible nmechani sm
coverageqtf theipreggnt iiveRtieretorangtdlagoirpaf ithoperattond aWitk this trhmirde
invention, with other naterials such as carbon, iron,

applicasi Juggests the fplérwing possitie ineghanisy &rtsatfut dokidekdduction in
el emental formby a |ike nechanism

accordance with the invention, with other materials such as carbon, iron, silver, copper, etc.

being converted to their elemental form by a like mechanism.

[0044] H,0=0H +H*

[0045] H +e=H

[0046) 40H - 4¢” = 0, =2H,0
[0047] 6H + SO, = H,S + 2H,0
[0048] SO, +2H,S =38 | + 2H,0
[0049] Or

[0050] SO, +4H =S | +2H,0

14



[0044] HO= OH + H[0045] H+ e H[0046] 40H - 4e" O
=2H [0047] 6H+ SOH S + 2H O [0048] SO+ 2H S = 3 +
WQ@roS0pd30749] O [0050] S + 4H S + 2H 14[ 0051] PCT/IB2004/003722
Simlarly, carbon dioxide may be reduced according to
the present mechanism [0052] 4H+ CO=C + 2H O
[0053] CO + 8H = CH + 2H Ol[g'054] Clk_)||'+ CtQ: 2 C +tér|_1|to
0055].ALl referenges, including publications, pa
[OQSI]E':IppI i ]c%ﬁﬂaﬂxa,c digids imay be ir?déléecﬁ@lcetdmgﬂodhhpreew
i.ncorporated by reference to the same extent as if
mecharig®h ref er ence were individual ly and specifically
indicated to be incorporated by reference and were set
[0052]f or t h 4Hh+iQ®;, €0t + 2HyOherei n. [0056] The use of the
terns "a" and "an" and "the" and simlar referents in

[0053]t he cabexBHOE cHgseiip) ng the invention (especially in
the context of the foll owi ng clains) are to be

const r, 20y gr t he singular and the plural,
[0054]unl essé%ﬁﬁg?)\ﬁ seéilng?%{é ed herein or clearly

contradjct.ed by .context. The terns "conprising,”" ]

[0055] ., havi 238“ nefe:rle c‘t%ua?lﬂél,ng Pyhlcatiops, quem q@llcq;@si apdpatents, cited
._construed as open-ended ternms (i.e., meaning _

herein are herebyingprraaied Ry releienr odhe samg exenitaes if catherfovese were

noted. Recitation of ranges of values herein are
individpadlyedngd spaeifinalbtintivated to ke Bsomominal bywefidenetand vedd set forth in

referring individually to each separate val ue
its entirety herein.
[0056] The use of the terms “a” and “an” and “the” and similar referents in the
context of describing the invention (especially in the context of the following claims) are to
be construed to cover both the singular and the plural, unless otherwise indicated herein or
clearly contradicted by context. The terms “comprising,” “having,” “including,” and
“containing” are to be construed as open-ended terms (i.e., meaning “including, but not
limited to,”) unless otherwise noted. Recitation of ranges of values herein are merely
intended to serve as a shorthand method of referring individually to each separate value
falling within the range, unless otherwise indicated herein, and each separate value is
incorporated into the specification as if it were individually recited herein. All methods
described herein can be performed in any suitable order unless otherwise indicated herein or
otherwise clearly contradicted by context. The use of any and all examples, or exemplary
language (e.g., “such as™) provided herein, is intended merely to better illuminate the
invention and does not pose a limitation on the scope of the invention unless otherwise

claimed. No language in the specification should be construed as indicating any non-

claimed element as essential to the practice of the invention.
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falling within the range, unless otherw se indicated
herein, and each separate value is incorporated into
wo b@sspesci fication as if it were individually PEDIB20G/003722

herein. Al nethods described herein can be perforned

in any suitable order unless otherw se indicated

herein or otherwise clearly contradi cted by context.

The u f any.and al | .exanpl es, or exepplary. |anguage
[0057] o° " Frefiyef] eé@"ﬁ““ﬁil{?\ﬂfﬁaa ryniion are;desaribed Aegsin, melushng the

to better jl|um nate the invention and does not pose a
best m?ﬁ?%kl}% tgrihemvenarsdeigaaryiie quighg inventiono iV aniatiessof those

ot herwi se clained. No | anguage in the specification
preferrgthembeadibentsonast basedle apparendite diosa gf audynanpsid]] & tRGrt upon

el enent as essential to the practice of the invention.
readinglthe @6z gdinPdespiptionl CROBUENTBRIK P& skilled attBNRNthIAPIG ﬁﬁh

descri bed herein, including the best node known'td the

variatidr3\e8 BpHoprihte! arﬁl"%% Mlié/ﬁl%wlg Uhtehd For Y &&Elilt?(ﬂl' to Y3 irz?cttiic?c[1 f’ o

of those preferre odi nents may bécone appar en
f -A] ilh it .z | j t.h
otherw}-§ 36 R s LRI descHict hotchh. | A6hoRiinely” B bt tioR inetus an

.~artfisans to | oy, such variations as appropriate, and
modifighiony AREernByaleiis, Sttt et tepn ndhe tlgimtanmeadsd hesto as
. otherwi se than as specifically described herein.
permittgd b appliggble layh Morpewesrmny sambinetiod o§ thalabovmdéstiibat ¢lements
) and equivalents of the subject matter recited in the
in all pessailermarigsiven thededi ér @tcompassgbbyritictinvknitiyn apleks chbivAsd iawicated
Mor eover, any conbi nation of the above-descri bed
herein et @hemtise dlearhl donpadisied bg cy@mex@t i ons thereof is
enconpassed by the invention unless otherw se
i ndi cated herein or otherwi se clearly contradicted by
context. 16WHAT IS CLAIMED IS: . An apparatus for
treating an air flow containing particul ates and/ or
oxi di zed conpounds of carbon, sulfur, iron, and other
el ements, conprising: a receptor having an inner
surface; an el ectrode node having a body with an outer
surface spaced fromthe inner surface
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of the receptor to define a reaction zone between the

outer surface of the body and the inner surface of the
wo e@sptesr] a plurality of electrically conduct POPIRR00471103722

source el ectrodes projecting fromthe body of the

el ectrode node into the reaction zone; the el ectrode

node and the receptor being electrically isolated from

each_other and the inner surface of the receptor being
WHAT EhaEAMED IS gr ound: a vol tage source el ectrically
connected to the el ectrode node; and neans for

1. i At prdeesusiyr trbaing an diil fhow cortainidpepartatdtéamdze pRidiZed
The apparatus of claiml1l in which the el ectrode node

compobndiyofearton] Sfar,droagiddghé cldmdRg, coppaghed el ectrically
conductive frames. 3. The apparatus of claim2 in

wegébt&%dﬁgtﬁgt{&%%e Sedl € nounted on the frames to

produce a ¢ structure. 4. The apparatus of

j ' i.ch the poi.nt source el ectrodes project
el Podted e ou it o™ it S e Gvm g foce
£t agg)ar at lés of claim1l in which the el ectrode node body.
of the ggbeptorfodgfing a wartiopone fhgtwees thewrierarase of the bedyranskiht jnner
conductive material. 6. The apparatus of claim5 in
surface gfithtrecepion| ectrical |y conductive material is an
alumnumfoil. 177. The apparatus of claim1l in which

tahBurpbiynif ekotricatly ebshuctiodpsingyoRrderl @Boaésgdojebtink £ORTTRE
electrical circuit. 8 The apparatus of claiml in

body oftic@iectige pRichtoSREIFGEHE fEy 0des are needl e
el ectrodes. 9. The apparatus of claim8 in which the

gg@%%&g;ﬁg %Eg@%{oar tgg{rcﬁ:gﬁﬂggggg gijzgﬁlﬁ%]ﬁy [BlatedForh A &RGULq
the inner surface of the receptor being connected to ground;

a voltage source electrically connected to the electrode node; and

means for introducing the air flow into the reaction zone.
2. The apparatus of claim 1 in which the electrode node body comprises a series of
interconnected electrically conductive frames.
3. The apparatus of claim 2 in which conductive tiles are mounted on the frames to
produce a cone-shaped structure.
4, The apparatus of claim 3 in which the point source electrodes project from the tile
surfaces into the reaction zone.
5. The apparatus of claim 1 in which the electrode node body has an inner surface that
is covered with electrically conductive material.
6. The apparatus of claim 5 in which the electrically conductive material is an

aluminum foil.
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10. The apparatus of claim8 in which the el ectrode
node body has an outer surface area of about 22 nR
Wowaok/0aspT oxi mat el y 17, 000 needl es of about 0.BSI/IBR004/003722
di aneter projecting fromits surface, the needles
bei ng spaced at about 22 nmm between adj acent needl es.
. The apparatus of claim8 in which the needle shafts
otrude about,k 40 nmfromthe outer surface of the
%&;ﬁ%&ra‘iuﬁ@ I elpise i fin sdiicholie poinpsouTteeelegtivaenianesntofratddainmg
1 in which the voltage source is a transformer. 13.
commoptrlechishemeuis of claimin which the transforner
provides a voltage in the range of about - 3,000 kV

8. tThie@ppdratais beelbint 1 @ which thd PeinfddRaleal s$roats S egalé 'glectrodes
whi ch the transfornmer produces a voltage |n t

9. qfhe%??éh‘htﬁ 0Pclkith 876 waichUhé gﬂus e %p%ﬂtad Qut r{le\%lilte%] }r?oq ss

arectifier. 15. The appar

than abbRCRPLE oo o Q,%gharﬁ%b%pgg% havi ng a coni caI i nclined

i nner  sur W%t us of claimincluding a

7.

for s tinuous fil m of
10, JREEPprttae by OBl b Wufichabesiouiemeds hndr hiswprranss serface area
the receptor. 17. The &gparatus of claimin which the

of abow g7 ap” veiglyeprseximately £3.600 needles of Aldut O Bmbydiameten prdjevting
trough continuously supplied with water that spills

from itpsusface.tbe needéas bethgespadedtan abduy 0 edm besRRh Afjakont ek,
the continuous filmof water. 18. The apparatus of

11.  dhaiappdrauyVbf €1hint Beén wnifbﬁrthesﬁ’éeﬁﬁ(‘sﬁaﬁg ploffdE S65RUO %m from the
carrying the water filmis covered Wwth an I nsulating

werki usof claimin which the
OumrslnsE02??&§Q%%£F¥E§“%§H§%&£poxy filled with dlelectrlc

of claimincluding neans
2. BReshE ?Cﬁam% i BREIAS Yy rois®e Pt emBiner
I th
13. fra%géat?%tﬁg aé{l 1er$ %ﬁ{gb g%%rarrrllsef%rrgert Ig)roinlde; Srvoltagee in the range

of about 10 — 3,000 kV through a rectifier.

14. The apparatus of claim 12 in which the transformer produces a voltage in the range
of about 300 kV and a current of about 250 mA, through a rectifier.

15. The apparatus of claim 1 in which the receptor is funnel-shaped, having a conical
inclined inner surface.

16.  The apparatus of claim 15 including a means for supplying a continuous film of
electrically-grounded water on the inner surface of the receptor. |

17. The apparatus of claim 16 in which the outer edge of the receptor is encircled by an
annular trough continuously supplied with water that spills over the outer edge of the funnel
receptor to supply the continuous film of water.

18.  The apparatus of claim 16 in which the inner surface of the receptor carrying the

water film is covered with an insulating coating.
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particul ates and el enental material. 21. The apparatus
of claim20 including an air flotation systemfor
wo dosmudsmy t he col l ected water. 22. The appar apCBIB2004/003722
claiml in which the reaction zone is about 5min
t hi ckness. 23. The apparatus of claim 1 including
nmeans for noving the el ectrode node body with respect
to the receptor in order to vary thickness of the
19.  Thaeppavatuy of@ain?g infhikkiclaipanaflatimgafoatih@isman kpoxy filiedwith
the el ectrode node body and receptor are bow shaped.
dlelectrﬂ;ﬁgaﬂﬁles apparatus of claim1l in which the
correspondlng outer surface of the el ectrode node body

ath@?f Clait ' § f?udeC tﬁl%%o rf&c%g]h gwater trﬂgehng over

s%ant y equi sta

oo NP OB B0 a»@%ﬁ e
almllncl di ng. preans for recycling the air flow
pa“mu@ﬁ§ﬁﬁﬁﬁ@€ﬁnPﬁF@“¥ﬁ' reaction zone. 27. The apparatus
of claim1l including neans for introducing the air
21.  FThearparghs ehdaimod@inchuing asfait fietatien systepn for FdteriMpthe collected
apparatus of claim 11 including nmeans for accel erating
water. the air flow as it enters the reaction zone. 29. A
nmet hod for treating an air flow containing

22. W86 hpsathas 68c1aRT1 axivElicE Bk CRERPUIAS i0fbotRs Qpiﬂ,tméléhé‘sy r,
iron and other el enents, conprising the steps of

23. '?Fﬁ§ \Ag[pir%(thygf Binfd 'irg}l (%19 %arfglaﬁltbk/ﬂl th® a?ct¥o%r o'ﬁ?@e bodr?{ with

en an ectro ving a 'ura

20.

t ted t d,
oS AR AR RSO ERRRFE D 2 o0
sulated frome ch of her and ;. applying a voltage to

24. ﬂe ApRATHpS gﬁﬂm & which deredlecteodg mode hedibandgreaping grrsbowl-

f| | mof electrically grounded water on the surface of
shaped.t he

25.  The apparatus of claim 1 in which the corresponding outer surface of the electrode
node body and the inner surface of the receptor are substantially equidistant from each other
and the electrode node body and receptor are symmetrically disposed about a common axis.
26.  The apparatus of claim 1 including means for recycling the air flow introduced into
the reaction zone.

27. The apparatus of claim 1 including means for introducing the air flow from the
lower part of the receptor.

28.  The apparatus of claim 1 including means for accelerating the air flow as it enters
the reaction zone.

29. A method for treating an air flow containing particulates and oxidized compounds of

carbon, sulfur, iron and other elements, comprising the steps of:
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receptor; and filtering the water after it travels
over the surface of the receptor to collect el enental
woraioeniars forned in the reaction zone. 30. TheCTEs20ed03722
of cl ai 9, wherein the point source electrodes are
needl e eectrodes. . The nmethod of claim29, wherein
atom ¢ hydrogen is produced by unipolar ionization at
t he point saqurce el ectrodes, to_reduce the oxide _
SYRPS e ainilopie argagtion gane towmed Betwean prpleoiodegrode having a
treating the em ssions of a coal-fired plant to
pluralifyrafpeins spuree ele¢trasies aed/a ageptocenmertad tcgrotnd) the eletttdiR node
plant emissions and reusing the recovered carbon as
and redepteh beingrircirkalig insalapdl fyon gachibthériandl, ow cont ai ni ng
carbon conpounds fromthe enm ssions of a coal-fired

Ripplingd Pvaltage ap%hlg %B}H'% 9h\Gcd QbORMRet ween an el ectrode

node having a plurality of point 'source el ectrodes and

: d d
bR on ARG RO RroohiL G B b gt e

pplyi ng a voltage to the point source el ectrodes;
receptogu%p ying a continuous filmof electrically-grounded

ter on the surface of the receptor; filtering the
:%ﬁ{eglng Hhe wgter, aitey jidianEls oygicthe sdace of thegecaptonth eollect elemental

receptor to collect the carbon produced in the
materiglrmied in the meactiamedor®0addi ng the col | ected carbon to
the coal fuel. 33. The nmethod of claim 32, wherein the

30.  pdiembetbalisftainl 2 twherks thapein eQdtteclebiesdek aféeifeedl%ﬂeéecﬁlgaes.

met hod of claim32 in which the air flowis cooled t

31. glglsgﬁélﬁéd i BOwheRS AbBiid Ry ROERS plddBed PRFILiBMNar
ionization at ;che point source electrodes, to reduce the oxide compounds in the reaction
zone.
32. A method for treating the emissions of a coal-fired plant to improve its efficiency by
recovering carbon from the plant emissions and reusing the recovered carbon as fuel,
comprising:
supplying an air flow containing carbon compounds from the emissions of a

coal-fired plant to a reaction zone formed between an electrode node having a plurality of
point source electrodes and a receptor connected to ground, the electrode node and receptor
being electrically insulated from each other;

applying a voltage to the point source electrodes;

supplying a continuous film of electrically-grounded water on the surface of the
receptor;

filtering the water after it travels over the surface of the receptor to collect the

carbon produced in the reaction zone; and
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35. A nethod for reducing waste in waste landfills by
incinerating the waste and landfilling the resulting
web@spnisal material having a di m ni shed vol unePCDIRa04EH3722
to the initial waste, conprising: burning waste in an
i ncinerator to produce an air flow containing oxides
of carbon, sulfur, iron and other elenents; supplying
t h .aiﬂ flow fromthe incinerator to a reaction zone
F%&WS& bealizeted carbon i thecodlduplode having a plurality of
poi nt source el ectrodes and a receptor connected to
33.  ghsumethod efeclaimedd, mdweeim theeoim donree efectvodds etengeedle electrodes.
electrically insulated fromeach other; applying a
34.  \iiletraghod of dldit IDinnkhisk teGhr v 64 édMRIS0 af 1ehfi@bout 60°C before
i njector; supplying a continuous film of

it enter§ RGEAItAIDaNd 9r ounded water on the surface of the
receptor; filtering the water after it travels over

t f . t.a..coll.ect the elenenta
5. AR BERI% 0L B B RRLC oy B et yfe SRR
Landfillin he 1 ect el emental materials. 36. The
tandlg3 e sesple g oo maffial BeVing R mpYHheq oG ompared to the
. ...electrodes, are needl e el ectrodes. 37. A nethod for
initial Wase) GOMRESINGY | er enes, comprising: supplying an air
fl ow contai ning oxidized carbon conpounds to a
hesng vaste iman inoinedortie preelane am aie oot conthining deidbavt dagbon,
a plurality of point source electrodes and a
sulfur, &bn ané pther clempmect ed to ground, the el ectrode node and
receptor being electrically insulated from each other;

appl yisigpiginghd A0 8otvIrd) relRiNLraRRYS § ??algi%&g%d'n% 3650

the injector; supplying a continuous

betweefi laf lidchGa h(ydegr{agﬂl%dae;qu%{yegf p%?nttslgl?rcg’ léfe]::@gc%s %Ild 21 Igéaceptor

connected to ground, the electrode node and receptor being electrically insulated from each
other;

applying a voltage to the point source electrodes of the injector;

supplying a continuous film of electrically-grounded water on the surface of the
receptor;

filtering the water after it travels over the surface of the receptor to collect the
elemental materials produced in the reaction zone; and

landfilling the collected elemental materials.
36.  The method of claim 35, wherein the point source electrodes are needle eiectrodes.
37. A method for producing fullerenes, comprising:

supplying an air flow containing oxidized carbon compounds to a reaction zone

formed between an electrode node having a plurality of point source electrodes and a
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receptor; filtering the water after it travels over
the surface of the receptor to collect the carbon
w@e@dneasd’ i n the reacti on zone; and separ ati ngPCT/IB2004/003722

fullerenes fromthe collected carbon. 38. The nethod

of claim 37, wherein the point source el ectrodes are

needl e el ectrodes. 39. The nethod of claim 37 wherein

atom ¢ hydrogen i s produced by uni pol ar ionization at
receptarisenprsias to gpenndethe lelbectrodedimsletand resdpive being eleatrivally insulated

conpounds in the reaction zone and produce carbon. 40.
from eddheoth@t hod of claim 35 in which the oxidized carbon

compounds are produced by burning a hydrocarbon fue

%pﬁi%’igai %l’fhge 43the point source electrodes of the injector;

supplying a continuous film of electrically-grounded water on the surface of the
receptor;

filtering the water after it travels over the surface of the receptor to collect the
carbon produced in the reaction zone; and

separating fullerenes from the collected carbon.
38.  The method of claim 37, wherein the point source electrodes are needle electrodes.
39.  The method of claim 37 wherein atomic hydrogen is produced by unipolar
ionization at the point source electrodes to reduce the carbon compounds in the reaction
zone and produce carbon.
40.  The method of claim 35 in which the oxidized carbon compounds are produced by

burning a hydrocarbon fuel or paraffin.
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