APPARATUS AND METHOD FOR REDUCI NG AND REMOVI NG
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fossil, fuels, waste, etc., to reduce the oxides to
2003, e pestimiarypatent nambernld 2 3% epplicationdhutben 20094163 %1, dikent al
material fromthe air flow The apparatus and nethods
Decengjyer {17003 mewanelimingametestnuaitenl 428 kapplicat otohwentich e
recover froman air flow of useful elenenta
2003/1a86ds ﬁlég Becamen 16,2088 anwnprelimicay paent hiunbérudB 1 application
' fullerenes), elenmental sulfur, elenental iron,
numbes| 20A¢/A%1d1 1, filpddune2s; 20BABKGRALEBoORuTE 2 00V 11 led June
050003] Qur environnent is becom ng increasingly
30,2086nt ani nated both due to a variety of different
nat ural phenonena and due to the introduction of
man- made pol | ut aRAELD ORTHEIINYEAMORNd wat er by
i ndustrial nations around the gl obe. Commobn exanpl es
[0002bf anThisrdrentjonirélatcat ppdratus Sdysthds RirfedubBg diborme

i ncl ude airborne particul ates produced by
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, ete.

BACKGROUND OF THE INVENTION
{0003] Our environment is becoming increasinély 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




conmbustion i n hydrocarbon-burning power plants,

i ncinerators, industrial processes of various kinds
like snmelting operations, nitric and sulfuric acid

pl ants, internal conbustion engines, etc. For the
nost part, such pollutants conprise oxidation products
of carbon, sulfur, nitrogen, |lead, zinc, and other

el enents. For exanple, since coal includes traces of
various inpurities, including |ead, zinc, silver,

etc., when coal is burned the carbon in the coal as
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pl ants, incinerators, [ndustrial processes,.intern
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of airborne particulates fromthese sources. For ,
produced fipppthe corepstionef vy ronisanirg sulnraompornds apd pporplpstion of

scrubbi ng processes that use cal cium cgonpounds that
fuels thatsanteingitrages camnennds,fpapacidshat epniiyyete @gid rain, an

Unfortunately, the substantial anounts of waste
increasipgly digoifisangcodipamgntphcosessh scrubbi ng processes present
serious disposal problenms. \Were possible, |owsulfur
[0003] coal sManwapperaches havedatn develapaddo periag thsl cambustion prodeRit e
- _scrubbing requirenents, but this increases the costs
of hydrofaripevierningprsren planis, ingiperdpdndupsial processesf ipermghgogbustion
em ssions are reduced by operating the plants at | ower
engines, elopie contipl §w intndictioniof airhomppeticsleivs from thse stveess.ifeg
val ue of the coal untapped. [00041 Anot her approach to
exampley @ak-burging pewerelints Sifiom smplag scovébingtpoocgsses dkiase ealeivat i c
precipitators to enhance the renoval of particul ates.
compotmistiiiet ssacippithomifir oxides Gubme gypesn otinfortumitelp the absaniiskd
to create ions that attach thenselves to the
amoun(3af tiaste pakless profeed by siich sagpbingpaessds pasdnt seeibag disposal e
then collected as such in an electrostatic
probles.c Bihpictpatsitic, 1v0eMit chdhf ave tad at @hlburting ppwérgkants to reduce
approaches to controlling the introduction of
scrubbing requirements, but this increases the costs of power generation. 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 freatiﬁg such emissions has béen 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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conmbusti on- produced airborne particul ates have net
W th one or nore serious problens. 2 For exanple,
t hey have not been able to reduce em ssions to

acceptabl e I evels, they have been inordinately

expensive to build or operate, and they have been
energy inefficient. [0006] The present invention
provi des apparatus and nethods for treating an air
rom;containing particul ate conbustion products to
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. pentagons. Currently, fullerenes are known in the
achievepithefdhese phigstivesin a(hﬂﬁuhe RufrgiseiipipRtimagpetne” ) and
cylindrical or torroidal shapes ("nanotubes"
[0007}\/ar| o Bsllersnes asscongrod thewsble plsmentalopaserials thitean howsoyesed
produci ng full erenes. Because the processes are so
using theapirasalys apdanathns of thel pieseridnvegtipn. Feléerenceara bveyglepr anduct
is very, very expensive. The present invention

industpakiy impean ferar ofrparben cenpristgariares Aldsedrregpaplsiwiemade hp af
for producing these materials. [0008] Since the

60 or saoprapahyhridided chrbopatens atranged émbsxagons pist pentagorsn Coretly,
smal | amount of energy, when the apparatus is used to

fuller¢nepare kivbren arths firmof sphbriaﬂsc{tilaichoinsteﬁmlhadenp’d\md cylindrical or
carbon nay be recovered fromthe plant's snokestack

‘torroida dhapepEatretibgs.e Vadmed coroplexiedd expasiva ptacenses age lamtvinyfor
enhancing the efficiency of the power plant. [0009]

produking &hlleyenes. NRecpuse siendro@pea s tsol sormhdexq hadihe gefdd lso low, the
reducing landfill requirenents.

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 fo freat 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 difficuliy
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For exanple, since the invention is so efficient in
cleaning the air, it nmakes possible the use of

i nci nerators which have been heretofore banned or

di scour aged because of the difficulty 3 of
effectively controlling the air pollution that they
produce. Thus, nmany materials that otherw se would be
i nci nerated have been land-filled, unnecessarily
wasting substantial landfill area. If such materials
could be burned in incinerators and treated in the

present  appar at this uld,greatly reduce.th
of effectyly GBI R AR Wt HRHIBPIRr- (BH A hgerioat
_collected_ elenental materjal) which could then b
otherwisp Fiquldbe incingratediars Beep nd filied, Apsoassprly MesIng subsaip) |

area. Furthernore, already buried landfi]| material
tandfill axen, Hisachmateriels sowld hedigned 1 incinpratarsaad freptedda SpeRissert wi t h
the present invention and returned to the landfi|l to

apparatug thdswpyld greatlyieeducetike vobimeraf thsfrempigingimpiagial (Rrigerily the
substantially extending the lifetime of the landfill.
collectedstivpamal ngrerERFvHichv@ENTIIEN be daddiiledHeking wswhstattigli ess on
conprises an apparatus and nethod for treating an air
landfill drbovFwbetnain ialepdy ntidddandfill esateriatimey bomingd, iemnesaehounds
of carbon, sulfur, iron and other elenents. The
treated ia ppaedanceswiln the pessérd chverttioh madreturned de fhie dand il W grgathn
i nner surface, and an el ectrode node having a body
reduce thé tdlwas obihe erineglUarfdéitl esubgandialtly dxtamding e lifetines ofshe fapdfdl. of
the receptor to define a reaction zone between the
out er surf aceSUMMARY OFCHEBERNVENEONINer surface of
the receptor. A plurality of electrically conductive
[0010] poi ntTixquesest inteatidn @opHse b pgatatusfand methhé fdy deytingfantafre
el ectrode node into the reaction zone. The el ectrode
flow cofitathingamaeticuiizess and/orapidined asep@indcdiichban, |sylfirsivdrednddtiier om
each other and the inner surface of the receptor is

elemenB0 TREgipaAfhnisAngd kRthod utilie Y adceprgehas higaa tnnessuefaes tnd aal | y
connected to the electrode node. Finally, neans for

electrodg Hode BatGhd Woddly vathranfohiereurBtexphdea flofAhé inasr sacfa of she
provided, for treating the air flowto renove the

receptoP & défiatl h 8daCifontdtle Botebn Zechbutd Bl eidE 6Sthe béi bibdl thEhigner
apparatus and nethod may be used for a variety of
surfacediffeae&ptor PAUDRSIRS of electrically conductive 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 otber and the inner surface of the receptor is
connected to ground. A voltage source is electrically connected to the electrode node.
Fiﬁally, 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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For exanpl e, the apparatus and nethod may be used for
treating an air flow containing pollutants generated
fromthe burning of fossil fuels, trash and ot her
materials to reduce the oxides to elenmental material
and water and to renove the elenental material from
the air 4 flow Also, the apparatus and net hod nay be
used for treating em ssions of coal -operated power
plants to inprove their efficiency by recovering

flow. B&ODAE appafiiislahé nkinal ha?%%%d%ﬁ&&ﬂﬂ%erﬁﬁﬂ . c&ﬂ %8eJa

recovered carbon as fuel. The apparatus an
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lnven |onP¥xn af b I|eved to be novel are set
asre‘*‘?"c?r“tdﬁ “"W“f requged yolvne Bipalln theapparaipsand mgthod

nventi o her with its objects and advantages,
maybﬁ&?edggpﬂ’gﬁ E‘F§ Babpatersl spcdyredulicenere fol | owi ng
description, taken in conjunction with the follow ng
~drawi ngs, | iItEr’ﬁqFrIREI%bEfFéﬂ% BRADESS i dentify
like glements in the several figures and in which:
{0012§ 00 13] Thy deptpges of this inyeptionwhieh wo Selieyed ip hevpoudl aggreet forth
.. apparatus for treating an air flow containing
with pariiqylsrifeindha appended plaims dige investionntogethesrvdtiritsebigits and he
present invention; [00141 FIGURE 2 is a top plan view
advanizgey, tyeny 2o past sedesstoskd byireference b dig1followingdmEspiBin, wieh i8R
_ are respectively a front elevation and a side
- conjup¢tiopawithghe following dfavangsuinbydrictt likegefbfencdremdiensidantificlikeode

. body of the apparatus of FIG 1;
elements in the several figures and in which:

[0013] -FIGURE 1 is a front elevation view of an apparatus for treating an air flow
containing ajrborne 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;

. [6016] 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
di fferent possible shapes of the el ectrode node body
and corresponding receptor (FIGS. 4B and 4C); 5
[0017] FIGURE 5 is a diagrammatic representation of an
enbodi nent of the invention in which the treated air
flowis recirculated to i nprove the system
effectiveness; and [0018] FIGURE 6 illustrates
alternative enbodi nents of the point source el ectrode
tip. DETALLED DESCRI PTI ON OF PREF R%E@ MBODI VENTS OF
{0017} THE FIGERE PN dipgemoRig IRPFSFREIOR Psin qmpo ® and
) 2, an apparatus 10 in accordance with the present
inventiop i, which B treateq pir flew iseslrulatgda inaprofes thesysigay cligetivensss:
el ectrode node body 12 having an inverted cone-shape,
suspended above and spaced from a funnel - shaped
receptor 14. The electrode node body and receptor are
[0018] af f i YEQURE Gdlletinsise piternative embedimdrgs off it gowrboRlectiofe
cone and funnel conprising inter alia a series of
fip. support beans 16A -16E and generally horizontal
menbers i ncluding beans 16F - 16H and ot her attachnent
DETAMEDBESCREITON (M BREFERRED EMBORIMENES OR 81 2MENGEON
node body, receptor and ot her conponents of the
- {0019] syst eTorhing fitsh@eFIGARSIS | el 206n dgpuretas Yeinecedriance with the
‘ hori zontal support bars 161-16K are attached to the
presentiifviegtionds illnétratdde A ppaiausrio delidedian elédtradeange bady 2ieiide an
top periphery 18. The three support bars are al so
invertedl dnd@Hage Osugpenietabove At spiced Brofnfal fiineR3hapedonveptur ¢ Fhe
central support 22 projects downwardly into the
electrodgiode bedly a0l récbgroedre affixodin amgmridadyurand disposed bamhéed t o
the back of the distal tip 24 of the injector.
cone andiRReRS toniRishg Iardr aliqlDdérien ot saipoit bedmsSIGPporaE ad ganeeallynde
- of an electrically conductive material. [0020]
horizofhl@adniRAAnNeTE, Bagy 182 —i1sHeh@ethériatadntignt hahirksds f rom
. the system by

appropriate, for holding the electrode node body, receptor and other components of the

and

_ 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 & 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.

100207 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.




suspendi ng the body from hori zontal nenbers 16F, 16G
and 16H by a series of insulators 26 which are
attached to the bottom side 28 of horizontal nenbers
16F, 16G and 16H and to support bars 161, 16J and
16K. 6 [0021] El ectrode node body 12 conprises a
series i nterconnected alum num frames 30 sized and
shaped propriately to produce the desired conica
body shape. Rubber tiles 32 are nounted in these
frameg to forma caqnti nuQus:- cone structure. ,

[0024}; ey o Blefifofimote bodyd TSP p et oF icEkpisiod apesn 3
and 3B. The front surface 34 of tiles 32 formthe

frames g{} gigpd @\¢rspaned appropraicls jogupquss the dedied soriscel hpdy shage.
generally smooth, with a series of point source

Rubbexdiles32 aseimounted inribese Sameoip fomne miinynys onsimenigl és 36
projecting fromthe surface of the tiles. These

represeninbitié Bls 3Rmis|ilhetratgd SHEAGHRES0} AvarslB B | The@nt surlerad4 ofsides
and an expanded base 42. They nust be electrically

32 formg thechuést fwéaca nfithe plectfade abdohodyatd arb geneeediy subothswilh abaiss
steel or another electrically conductive material that

~of point esure dectrodesgs iterfommef sbaplytmieed madlen®t progitingdidn the,

sharp tip 3 8. In the presently preferred enbodi nent,
- surfacs bxhatiles sThesendedlen ehilles shant, poided tip 38, gadhaft dfremt ani n

hypoderm ¢ syringes are used. [0022] The inside of
expanddddate 42d Shap dwstibediecttiZallysconduetiveahdypreferably, dlhbt madreof
sheet of an electrically conductive material such as

- stainle3s te8] brmofter tlectticallyRéndutipamiterithatiesi®y torrdsith@ad can take
| ayers of alum numfoil 44A, 44B and 44C are applied

and mbitalit@efihd) Hefp Sp/3E. dRthOiredehdy mbfettd apiddinafatdineky steel
adj acent the back wall 46 of the tiles (and franes)

needldifitBndR feHRRIcOREAt 3 Bypd@hiRsd syfinges U ns@B pol yur et hane
gl ue between the back walls 46 and the front of the

[0022f i r st {1 shsigdelecttfds noddBodyiens HRENE HithlahRas UESEBEH of én
abutting surfaces of foil sheets 44A, 44B and 44C.

elecirlcAPZindNeRd hidferidButk & Mlr@iGhh FGR I Th me?aéseﬁt%msiﬁeﬁg JILELS
dri'ving them through foil sheets 44A, 44B and 44C and

e AR B L s g
node Bdy!, AjhceRN1BEbact 4l 48P HSE 1k (arQerabliS VABEH] HProBfifte adhesive
-such as polyurethane glue between the back walls 46 and the front of the first foil sheet 44A
and then between the successive abutting surfaces of foil sheets 444, 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
atiached 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
;-




attached in this manner, electrical continuity is
achi eved between all of the needles and the foi
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 assenbling the
apparatus it is preferred that the el ectrical
continuity between 7 each of the needles and the foil
be checked with an appropriate conductivity neter, to
ensure that al]l of the point source el ectrodes are
each of thy pesgies ardithe fpilbecherkss wath ap apnrensiategopdustivity meterpios)
Wile only a few needl es are shown protruding from
ensure thai plb ef G peint seurge glectrades ge Hiearaied inneomgea eleetried! giraibf
el ectrode node body 12 is covered with nyriad
[0024] pr ot r'Vbilerngly mfwme@écm@ﬂ@wamrq;mémerﬁom igjsctonidle 32, &5 s
the front surface of each of the tiles. Wiile the
practicedlot ayddr spifase ohejeatfode halervedyll 2k commednsithmpindgesindag, it
is presently preferred that an el ectrode node body
needles lpeefiral]y avenlyrspaned ectossdhefrat apcent dackholine flac eWhilethe of
: about 22 n2 will have approximtely 17,000 needl es of
actual spdzingtofGhe3Bedien cdi parg hedesped) fidcpresegtly pefared thatanrdatrede
spaced at about 22 nm between adj acent needl es. Wile
node bddghevingan igvert esnershageewith Dfurfacerel efabomy? bé wilbeareas
needed, it is believed, that the greatest efficiency
approxitfitele 111, @00adedi¢stdf abdun 6.3 § kdadiemtiepprajetiingatonnitdueftceo f
needl es. Currently a spacing of no | ess than about 20
spaced B AboR Y nA bemken ddiurentaballds. FhikTewsa ob gleitevmehben offe
optimal. Al'so, in the illustrated enbodinent, the
- needledihdyEie WRERasBaIst, idis GBlidvad, kbt e RpeStest officlerdch & doBiedHdewith
_ shafts protrude about 40 mmfromthe front surface of
the gre&tB® placli@Smmh 20 8hlecdibe M@iehfly $§146i6€ oBhEidsHIBARB0I 0 ngad
in the present invention bear special attention.
and no Wiird Bah SooulvS 01af Bieesdl 168D ostintR N A 1] inkileHuRESed - 2
t hese point source electrodes are shown to be
embod Y0 deY fkCard AR L& if ARYNAR Ynd e Eedb Whafd gritgidd hBodt Bat
includes a sharp point at its distal end. The shafts
mm frdheBRnf Qvask offiledlles. t r1 angul ar, rectangul ar, etc., as
desired. A non-limting selection of such.structures:

[0025]i S Shawdphif GlebEEctfoded 36 Bkd inGASKSsenBitivention bear special
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 angte 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




| east the distal end of the shaft has a taper |eading
up to the tip and the tip cones to a single sharp
poi nt. The angle of the taper may vary but as sharp a
taper angle as possible is preferred. Appropriate
poi nt source electrodes will be observed in the dark
to produce a |um nous discharge.surrounding the tip
when, as described below, the electrical potential is
applied and the tip is disposed in the air flow. 8
[ 00261 Needles 36 are provided with an electrica
[0026] pot enVgedles B ate peqvided 3uil ap elehicalaotantigl by olestricalie sour ce
such as a transformer 52 to electrically conductive
connectingppottegesanse subbs a tegorwier Shtol electrisally eandudtive snppe apisy
connected to the back of the injector, to the foil and
161 - 1§iewbieh frotutthare plecidbally. contiicied to the badyittiaisjettend the fuilamd
transforner is shown connected to the injector and
hence t6 the npakdst Wilel themkghiived eaolof the( trdnsformérds showheomecd to the
these I eads may be switched if desired. Any
injectoic@d Vi fokitine lead toag tiirdqavhich i ogrefeatedypthesdendh ay sedlvitched ifs
preferred that the transformer produce a voltage in
desired! N8ny @nGetiohal @Rotlical HRAnsTOREEr kkdh B isedi g ispreferedd thdtelte. - | N
the illustrated enbodi nent, a transformer producing
transfoR pkodubXa dslehe@lhdRnisofused. 108080 k'Y @iretidh sakctifRy. Inahe
constant or may be varied comensurate with the nature

illustrafld ebbBdiRRAE, b GhRirgRr profudidde308ikv DEaud 230heAridsed OThd | ow
of the air flow, etc. [00271 Turning now to

potentibH e PAARAGr G 8PV RTed bmmichsurfe WRE theinBite iR particulates

receptor includes a continuous conical inner inclined

in the RESAGR B of HOG (T¥keSdir AGRIO2 of the receptor is
encircled by an annul ar trough 64. Water is

[0027CONT | AYAHSH Yok HRhkeR Shabed feBEtdr 1QUD 1 s@éifth%’cghé B8 ptor

operation of the apparatus by a punp 66 draw ng water

includbd PRl Eﬁﬁi&ﬁ bnoBGin@Bda ek 661 ¥k outdd 84 BHISF HeQeceptor is
trough t hrough supply tubes 70 and 72" so that the

S04 5B BT LR g il oo

om0 PESEBA Bap A P Tl

; H b _ e_ entire surtace
{ .
o e BB B T

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 frough 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 setat
9




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
enbodi ment, punp 66 supplies water to the trough at a
rate of about 600 nB8 per mnute. [0028] Receptor 14
in the illustrated enbodi nent is about 5 nmeters across
at its outer edge 62 and about 2 neters in height.

I nner inclined surface 60 of receptor 14 is set at 9

o oo G0 2B B FIpiq f Gt d B BB CliPapeori oo

. -sh el.egtro no body 12, creating a
of inve %ﬁ%@?ﬁ@aﬁ%ﬁéac%%? “?‘1%2’8%&? grea %ﬂﬁ HRnelhapedaf frepimensine
. 45 between the cone and fuynnel surfaces. This spaci.ng
Tegion R’E&a@@ 2905 45 miron e Aend mpelsuriopes, Fhigsnaging ey e z e
adiust he o erathgn,of apPa[atus 10., I ndeed, conventiona
JUSTOR BT RREFSSEY ORBEHPY ltimza it apatptiprofnppupigetl. (Indteds hown)
t.0 vewﬁhe el_ectrode node body 12 up and down w th
COHVGHP@@ED BpRpua g ppferizedpsgpygpay b fravideddnotshewn)de apvothe Wi t h
respect to the el ectrode node body) in order to vary
electrogenade Bpdie24tp an down pitherspact torth¢ teyeptirt] 4i(mndfor éfeaedepir
- .. that the water-carrying i nner surface 60 of the
with reppeetdp therelesiodasnpds betlybin cader ity 6 specinpat i ng such as
an epoxy. coating 80 which in the illustrated
[9029] e o cAdRiHenALY, i boaferesdihnt e weltirekmping inmexcuffadel 60be et h
dielectric particles. Preferably, this insulating
recepiog G £9usEpddY tan insslatingonting such 4siqn epdxyt doetingf® vdgeinake t he
_ receptor. It is further preferred that this coating
iHustraed epibgdimpntie thoshe ot ip thicknessi nd filled with diekceiopatislge by
the water filmand to maxin ze the rate of flow of
Preferaplye thigipenlating koatige extersis atounditho dip aothé el edgebhitie retdpedr Red
) surface 60 of the funnel receptor. Notw thstanding
is furthetprefertpd thbtibisisgating ¢ highly polished vateititafd saffhdeSoverage by the
electrically grounded as will be described bel ow
water fflgo@d o mariiezedbe tateafiflaw ofthe ciated ditn HOWe cdifigyord B6hical inner
receptor configurations are illustrated in the .

inclined miy6age 6@ nf tho funhbleedeptoe dtathmfndimy GIRESuldtingZof @R the N

t he correspondi ng :
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




di agrammatic representati on of Fl GURE 4A), other
configurations may be used. For exanple, the

el ectrode node body and receptor may by bow shaped as
in the diagrammatic representation of FI GURE 4B or
they may be otherw se shaped. It is preferred,

however, that the correspondi ng el ectrode node body
and receptor surfaces be substantially parallel to or
equi di stant from each other and that the el ectrode

i cal. dj d
4O A SR e o BB o BB
y

s pref.err.ed nbodi nents, the el ectrode node bod
Bt ol e B e S L o Facen (I GURE 0

O ca i.,n ria oi nf saurce. el ectrod as s
t0031fy) 7 Ak et P B g P b opapion it s
rface constjtufi t he reaction zone. [00311 After .
colleofe in Giohiar gusist el RS LIRS EWER: IR UB-SaORRRLS0 groprvols
the receptor, jt is collected in an annular gutter 78
68 oy ifh g vaicr b%dr%%bsgwméﬁ afier paseins Hroushia fier b Guter 78 is
reservoir 68 fromwhich the water is drawn b punF 66
electriggilicconisiys ideety Batihe waeF files clspricgl grevadrd. Wale filter 92
) el ectrically conductive to ensure that the water film
. is shopvg deﬂg@@%aﬁlp%é; quy cgpvspfenstifilising|necans mapbe @od. Far exdrapip an
. . diagramatically, any conventional filtering nmeans may
air flofption systpm may bevssfphetebpnlighterithant watripatoninlsgodieaed imdlye be
used whereby |ighter-than-water materials collected in
reservodlike eashon\paiticlet, fullesenss etrorargekimined off theftop dfshemesyoir
etc.) are skimed off the top of the reservoir
leavingedgah rigles s aehmmde the récoptor. dindharillogirated embedimptioreserair 6he
illustrated enbodi nent, reservoir 68 holds about 3000
bolds|abow 3800litexsaf water.[ 0032] The present apparatus is
intended to treat an air flow containing oxidized
- [0032par t i cWhapesnt dpperaius is intended tie eht hnhio fibwrohinmb ageized
: reacti on zone 45 between the el ectrode node body and
particulges pliad is istnrduesidsto fiivel-shapedreationByheldd bemieenthe eRdirddet O
the air treatnent region fromdifferent |ocations in
node bbdy andpescplborisufabanr Taxaiffibe magie aitfddhed igtb heGhiarkh@iend6
may be di sposed about the outer edge 94 of annul ar
regioh fionpdifférdnt Iddatiensi ehatapparanind. |Fot ke an annular 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 ifs 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

iHustrated embodiment, this cavity is about 6 cm across. In a preferred embodiment, a
i1




one or nore inlets 100 (FIG 2) preferably oriented,
as shown, to direct the airflowin an annular fashion
about the air chanber. Air chanber 96 has at its top
102 a radially inwardly-directed annul ar nose portion
104 j uxt aposed above trough 64. The top 106 of
annul ar” air chanber 96 has an annul ar opening 98 from
which the air flow entering air chanber 96 is
ejected. A deflector panel 108 is provided encircling
the trough above opening 98. Deflector panel 108 is
ed fromthe inpner . inclined syurface 60 of the
guend |2 “@l’eﬂ?af%h)ﬁls Bostinned jstahoys edae g%%ﬁ%ﬁﬁmﬂ@o prgesnt MSove
.the outer edge 62 of the fupnel. In the illustrated
entem@ﬁﬂ&@ﬁ%ﬁ% }ntﬁ%ﬁrlgg iﬂ%%fﬁa‘%o onlg theinmgs ydase of the Funnel.
preferred enbodi ment, a 11 guard 112 (shown enl arged)
[0033F s podibe A5 ey cpfaipungiidized pariicwgiesds prekeabiy mnpliedite air
prevent the entering air flowfrominterfering with
chambep6 yrdgx g Repitixehead of picesuren A #irmmpdpotishewn)df useh o
funnel,. [00331 The air flow containing oxidized
acceleppig the aip flay &2 thpkit priters thegharpbes updsr » prgssure ofiabout ZH ambwaten 6
under a positive head of pressure. An air punp (not
columghown) is used to accelerate the air flow so that it
enters the chanber under a pressure of about 70 mm
[0034]rat er Ingwplipmete grotgdinent, theair fdvi emtrinting evidizddi pagivilates he
air flow containing oxidized particul ates my be
may bp providde th a eenisel @isghamber 420 hayirgrap énlet 12D alnbani augletal24i Mteh
122 and an outlet 124. Wien the air flowis supplied
the aitt fiowt dsisupphieditortbik ceritial aihchainber, it etitere rdaetich Zoga4d from tiedower
45 fromthe lower part of the funnel-shaped receptor,
part opthe fimmealkshyped resptor, predatatiy prdesarrdd e desadiieid @bovEh iThisaitflow
flow noves through the reaction zone contacting
movesamigl the 3écorntone comgtifig nsrdleh 86 pbeetinOfien fedfctrbidodas
described earlier. [00351 In another alternate
body axvdeedibaedrliernreans are provided for recirculating the
air flow passing through reaction zone 45 in order to
[0035] npr ovia dnbikeralitinate embydigknt] Means Y@ heWided frSedi@Mlahies the air
acconpl i shed, for exanple, as illustrated
flow ghissiqy through reactionyzohd ¥ 5ih GhdREtcSmprove the efficiency of the 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.

[06036] 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




where a portion of the already treated air flowin
reaction zone 45 is drawn off of the bottom of the
receptor through central air chanmber 120 under the
action of air punp 126 and returned to air reservoir
96 for reintroduction into the reaction zone. [00361
The operation of the apparatus proceeds as foll ows:
[0037] A. Transforner 52 is turned on to produce the
desired voltage at needles 36. [00381 B. A continuous

ilm wat,er. . he. inner .surface of the receptor is
[0039Lt art ;éd by uaﬁr(r)]flr%%com%‘ﬁ“@é?dfpfgmfl%ﬁ%C?@lngﬁ‘ﬁofé’ﬁmple’
fl ow cont ai ni ng oxi dized particul ates including, for
°a"‘b°“e‘>’<%&n%1 & Pl %ﬂifé:s%lncsqwfewroaﬁm@% ang aibigr o%feds,
. Z] oxi,des, .irop oxides, and silver oxides is
introdfige] Toridn G?HP@-ugﬁ‘eWP%%Wanlﬁ ugRdde iregilyAreatajigh o i s
" uazueId.tﬁdi.r,ectl t,reat a. high tengerature air flowit
empefalurg AlL flap 1t preirred thab thyjair Tiopdg cpeled by esticdmyentiopal means to
conveng%Znal nmeans to a tenperature of at |east about

a tempegpture o degpt ghoutt{iiCai r flow fills annul ar air chanber

‘ 96 and exits annul ar opening 98, traveling through
(0040} cact iBn 2 dhe aigslowflsapnulirairahamber §6 end exitsrhmulaaipening h
the needle tips protruding fromthe outer surface of
98, tryvglingthwugh wwaetiongdne 4owhere Tesiraises ritteracingitli the nsqibctps
bet ween the el ectrode node body and the receptor is
protrudigdiony the ewfer syrfaeshefiirecitcreds midebadyt Thaair betbrethe ffaee
poi nt source el ectrodes (needle tips) and the oxidized
betwegp theieleptrateaodabody and thelrécepibr is hiveleinddtoanhinea thefinteraction
oxi di zed particul ates and the point source el ectrodes
betwegn thelpeint syuenstebacirodds éneedix igls) 2ndithp axidi 20 bakiedateflag 4 vesult of
flow are converted to el enmental carbon, sulfur, |ead,

the intekaetiomefcbxidizek pertichlytes fiel the pdiionte E1b@roaed BthSRWCRL. The
el ectrodes and drop into water film 74 on the I nner

oxidijed phitindates inrthasiefien apfcohfeered otMbentsd BdbR, Suibd! LhE Sindfidd
to reservoir 68. Once renoved by filter 92, the

silverdiyehremtian ofithé poihtsountBylehifodsoiRa dddpaato WHtGFAMARGn the inner
processed, etc., as desired.

' inclined surface 60 of the funnel, and are carried off fo reservoir 68. Once removed by filter

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

[0041] E. Alr 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
13




[0041] E. Air free of the oxidized particulates rises
through.the air treatnent region and escapes at
channel 91 to re-enter the atnosphere. [0000] The
above apparatus nay be operated indoors, since the
exiting air flowis essentially free of undesirable
particul ates. Alternatively, it can of course be
operated out- of-doors, preferably with an appropriate
rain shield (not shown) protecting the el ectrode node
body, receptor and other potentially vul nerable
. C nents of the aratus. Additionally, two or
are ‘1%52%8@%6%?%@°Wi tﬁ&ﬂ@%?ﬂ@@ fiFioppaatusrsing adeaeby n
tandem using a _canopy to collect and recircul ate the
extending oves el P, 3 eprlipine omlectod oir quiputintognléial dsaffasecond
structure should any one of the units fail. In an
appara¥ift er nat i ve enbodi ment, two or nore apparatus 10 13
are linked in tandem by collecting the air output from
[0042]5 £ Sullespnsapant h@rw%mmgmwm appbretslimiotivwdsd from
channel 91, and feeding the collected air output into
- veservqiphla tRyefe@blyowvhen itis devindble dpraduwt afulldr@BddlerFelbdner enes
can be produced using the present apparatus and
hydrocedhion seresd stchanjet fushenpasifiin) GShurRniaheé taktbd/by appaatul 10 ins
desirable to produce a fullerene, a very clean-
order thydpipdzerthoprosocsr dfémpgitiehinabe fullbrefieifthal prodpar The fulljrends
burned and treated by apparatus 10 in order to
produqeil rinetidieg €heCpr@saniddnihay baxspichhteduding doheenfichal Seanre
final product. The fullerenes produced, including
[0043]C60, (Whiile iC8 belived Batthe inpaytadiand egxegaddeckuliSidhived in the
conventional neans. [0043] Wile it is believed that
apparapisend mothod afithe inventionexqrbcicadt ¢fabdprbGucabhofi@stntad t he
apparatus and nethod of the invention are the result
hydrogeh prduecqdradthe aiph ofthepoisd seresiéladirod Byl QERr RirRAHSE Y heth
the tips of the point source el ectrodes by unipol ar
very attbmlyzadicedthe vkitighd paredles, @plitaMBl db doCHHGE B BEnixiiginged
particles, applicants do not intend to be limted in

coverdgh of the pieunaReion id\ghyRERSE itsloB4BRGH. ORit i Ynihd1EOT Y
of its operation. Wth this in mnd, applicant

applicati GuRsitStht filloadd [sking nRemSishl 1Br AP &bkiadtionl f ur
di oxi de reduction in

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] HLO=0H +H'

[0045] H+e=H

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

[0050] SO, +4H=S§ | +2H,0

14



accordance with the invention, with other materials
such as carbon, iron, silver, copper, etc. being
converted to their elenmental formby a |ike mechani sm
[0044] H2O0 = OH'" + H+ [0045] H++e =H [0046] 401"

4e' = 02 =2H20 [0047] 6H + SO = H2S + 2H20 [0048]
S2 + 2H28 = 3S J. + 2H20 [0049] O [0050] S02+4H=S
J. +2H20 14 [0051] Simlarly, carbon dioxide may be
reduced according to the present nmechanism [0052]

0T+ it geon U M gt o fbrmeent

j .udi ng publications, patent applications, and
mmh%gtﬁ{énts, cited herein are hereby incorporated by

efere t extent as if each reference were
[00521 ndi vi%gglclt(%_aﬁzq' Ifically indicated to be

i ncor a by . r rence and were set forth in its
[Wssienti rg(??l%gﬁéiéﬁ}.hfégég] The use of the terms "a" and

. an” "the" a ri simlar referents in the context
[0054}0f destrt bi =t%"1€ ekt i on (especially in the context

f the following clains) are to be construed to cover

100ss, oAl réj?rﬁ@qsﬁ,gvci%m dcghions; aptentapplizegonst andipafests, cited
.ind{lc ted herein or clearly contradicted by context.
herein-gre, ‘t‘%’ryﬂﬁ“—"f&%ﬂtﬁﬁl Py reffggence oo pames; extent asaf eath meferéncarvebre

" taining" are to be construed as open-ended terns
indivi@?a_? ! ané ﬂ@g&ﬁcﬂ&r inﬂiﬁ@pdﬁ@ibﬁéqcomgtatqddw reference and were set forth in

its entirety herein.

[00656]) 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

: mcorporated into the specification as if it. were individually recited herein. Al 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.

15




limted to,") unless otherw se noted. Recitation of
ranges of values herein are nerely intended to serve
as a shorthand nmethod of referring individually to
each separate value falling within the range, unless
ot herwi se indicated herein, and each separate value is
~incorporated into the specification as if it were

individually recited herein. Al nethods described
herein can be performed in any suitable order unless
ot herw se indicated herein or otherwi se clearly
cont rgdi . eyt . f any, and .all ..

[o0s7) €O anpfrg%ﬁ&? gmgélduﬁnéél@slao?i{;ﬁls 1&&1&0}{%% c@g@e& b ifcliing the

_ or “exenpl-at anguage
s RS BT b R T, b s
ot A R SR8 B g RSP 8 o

. shoul d be const.ru as indicatin ny. non- cl ai med
feadmgetg%ﬁ’éwmgée%@m iR InVEntpHy @Xw%ﬁieg@ﬁ&mtﬁ EMPIRY &P on.
. ..15 [ 00571 Preferred enbodi nents of this_invention are
varaiogg §%fr‘HPB>é’&ai?e§“é‘itﬁﬁ InyeRiry iteRdfor His ingration ipdaeraciiesdn t o
the inventors for carrying out_the inventjon.
otherwige than £§ wseifigailyrdssseibed herein. ohsoarfinghp dis invention inpjuderalbne
__apparent to those of ordinary skill in the art upon
modifieatignn a9g egyisaleny el sybjeetarntier 1seitedrin thpiglaimyappandsd Sereto as
.expect skilled artisans to_enploy such variations as
permitigd by epplicahlelawa Moredyer, payiaombinegon eff threboverflescrieed elements
invention to be practiced otherw se than as
in ali pegsitde verighonsyheteof évanpamepabred by Hhe ipvepterimikss gthevisedndicated
invention includes all nodifications and equival ents
herein g1 oth¢rwise glspdy eontradieted by emiesd in t he cl ai ms appended
hereto as permtted by applicable | aw. -Mreover, any
conbi nati on of the above-described elenments in al
possi bl e variations thereof is enconpassed by the
i nvention unless otherw se indicated herein or
ot herwi se clearly contradicted by context. 16 WHAT IS
CLAIMED IS: 1. An apparatus for treating an air flow
cont ai ni ng particul ates and/or oxidized
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conmpounds of carbon, sulfur, iron, and other elenents,

conprising: a receptor having an inner surface; an

el ectrode node having a body with an outer surface

spaced fromthe inner surface of the receptor to

define a reaction zone between the outer surface of

the body and the inner surface of the receptor; a

plurality of electrically conductive point source

el ectrodes projecting fromthe body of the el ectrode
WHARMIELARVBDtIBe reaction zone; the el ectrode node and

the receptor being electrically isolated from each

1. oAheppasung foi thetihd ek B L8RS bxidfedd
connected to ground; a voItagegggﬁgggé%?@%¥P§@§#€y

comp@ANERLEdEn IOl IR0t b8 bhedge : ing/TBans for
i ntroducing the aligr flowi rﬁggﬁ?ﬁ%ﬂ}gggti on zone. 2.

Taﬁcqﬂa%ﬁhglgn%elquﬁia@.l in which the el ectrode node
body conpriSes a serie$ of interconnected

i Ve . . Th t. f
CrEalbdo8ehdal EAREN bodyGiol SRR sufios IRSHERRRGR Bherowce
. t t 4. Th
o the Bt Wine SR o R Ul bt e bctiond e e

sorfact bBEL tREQS- Project fromthe tile surfaces into the
reaction zéne. 5. The apparatus of claim1 in which

t . . e hody has an inper surface that is
c gggﬁggﬁéﬁeggﬁ ‘8?’%@%‘?’1&&“ P POIptRYtse electodampraierting fram thphe
l.ai.m 5 i.n which the electrically
body %ﬁ%ﬂ%é‘%ﬁ% 10 g regefon,zone | i num foi |l . 17 7. The
a cl.aimil1 in. which the point source
o PR Bl GlathdRemoniit iy bsticalmumed s evancattor and
the infidr rsﬁr%cg of the receptor being connected to ground;

a voltage source elecirically 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 elecirically 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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8. The apparatus of claim1 in which the point source
el ectrodes are needl e el ectrodes. 9. The apparatus of
claim8 in which the spaci ng between adjacent needl es
is no less than about 20 nm and no nore than about 45
mm 10. The apparatus of claim8 in which the

el ectrode node body has an outer surface area of
about 22 n2 with approximately 17,000 needl es of about
0.35 mmdianmeter projecting fromits surface, the
needl es bei ng spaced at about 22 nm between adj acent

7. Iee Q#ﬁﬁatusﬂ claith € iR RARH fleWainPloufe %le&}r@de% eﬁf’é@c&é‘cﬁ{l Ee}era

needl e shafts protrude about 40 mMmfrom

commdntHidcal @byt he body of the el ectrode node. 12. The
apparatus of claim1 in which the voltage source is a

B SRR ekt o] B ABRBERL Ml Rl e il 0 s
et ofp el S bR et it e B tes
oo A o Gy ouh & roct i 1ier. 15. The
10, PRRIRAR & ofin R b e Fetgnods b Tia i phpraptace e
ot v s P BB
o G S e P N LB LIDEE S Lo, o
11 TR i G Ao S pISHBY Pitiods SR Homhe
outer 1o WENBehiEs FbsRee Rim of vater . 16, Tho apparat us
12, e ipfaes fslsingd o hichin volets sowpes ageoaRer nul at | ng
. CEBpatbo b RS s e e
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 m4, through a rectifier, | |

15, The apparatus of claim 1 in which the receptor is ﬁmnél—shaped, having a cohical
inclined inner surface.

16.  The apparatus of claim 15 including a means for supplying a continuoﬁs film of
clectrically-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 o 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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dielectric particles. 20. The apparatus of claim 16
i ncl udi ng neans for collecting the water traveling
over the inner surface of the receptor and neans to
filter the collected water to renove particul ates and
el emental material. 21. The apparatus of claim 20
including an air flotation systemfor filtering the
collected water. 22. The apparatus of claim1l in
whi ch the reaction zone is about 5 in in thickness.
19, Zthe appeatappialBinUS i iwhith @ Thskldting lcbdling G SRABS, 10 with
nmovi ng the el ectrode node body with respect to the
dielectriegayities, i n order to vary thickness of the reaction
zone. 24. The apparatus of claim1l in which the

20.  elRchpasas a%nh%%clﬁirinéglﬁli@aﬁﬁ%%ﬁ&:ﬁﬁ%ﬁﬁ%kr &Ek?e%gg Vi

The apparatus of clai correspondrng

the ini@kiRfacS b thfeCephix ﬁﬁwﬁlsetg 5098 cﬁﬁgtg%gfgtg% tto?g d.J.he

Ve
i nner surface of the receptor are su ar y

particf®fted Alasieahiaf L@ gach other and the el ectrode node
body and receptor are symetrically di sposed about a

2. SO i OGPPSR e

water,F €aCtion zone. 27. The apparatus of claim 1 including
means for introducing the air flow fromthe |ower

t Qr... T f.claiml
S N P
2. Ol R RGeS AL Y
oo BP0 305 el QBTS00 s

24.  The apparatus of claim 1 in which the electrode node body and receptor are bowl-

shaped.

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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supplying an airflow to a reaction zone forned between
an el ectrode node having a plurality of point source
el ectrodes and a receptor connected to ground, the
el ectrode node and receptor being electrically
i nsul ated fromeach other and ; applying a voltage to
the point source el ectrodes; supplying a continuous
filmof @ ectricall y grounded water on the surface of
the receptor; and filtering the water after it
travel s over the surface of the receptor to collect
shppiging ai airflont te piredetion mnerfimedbdtiveenra Rk B Bavirdls
The net hod of claim 29, wherein the point source
pluraliyl of pbitosdese aleerodesdtde redept t@MESEed to Jhound e SBLHIAnSH:
claim?29, wherein atom c hydrogen is produced by
and redepiopbdifg eledufvally aishiaRd &bmieleh dIRdrAhd SOUr ce el ectrodes,
to reduce the oxi de conpounds in the reaction zone.

&%Plyﬁtfg!i%i’ﬂ@g@ td @ pbineutB GlebRlcgM Sssi ons of a
coal -fired plant to inprove its efficiency by

rRESTYBE b BehtaaGR Hnlof AR iRy @{cﬁﬁ&ed%&%b%%uﬁ% Jrges I ng

the recovered carbon as fuel, conprising: supplying
recept@ilar@ I f1 ow contai ni ng carbon conpounds fromthe
em ssions of a coal-fired plant to a reaction zone

f AR E tHe I Sffer AR LIS Gldy %%uﬂ&%%f ﬁ@%c@&o@to@oﬂ%c@la .elttr%ntglf

poi nt source el ectrodes and a receptor- connecte

- materifls R4 inftherefdiBh khRde node and receptor being
electrically insulated fromeach other; applying a

30 VBl 2RSS BLEELEONS: P HRRI S Mo des

continuous filmof e I ca groun eron
31. S RGEaYr clald 20 K i ri.ng the . water after it
travels over i évgﬁgggﬁén%&&@% a?%%@%%%?“?8“@83fect

ionizafidfat ﬂﬁﬁfom %&Je%?e%ﬁgges,i i retdnt?e thé 8‘:8&4 ‘%rxhp%%]cg ‘in ﬁxre]adreaction
zone.
32. A method for freating 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 insuléted 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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20 19. The apparatus of claim 18 in which the
insulating coating is an epoxy filled with dielectric
particles. 20. The apparatus of claim 16 incl uding
means for collecting the water traveling over the
i nner surface of the receptor and neans to filter the
collected water to renove particul ates and el enent al
material. 21. The apparatus of claim 20 including an
air flotation systemfor filtering the coll ected

19.  VEe@ppardds of LEmABRANALcH &eqﬁs_xﬂétﬁg Rhakink s amg&& ﬁxﬁ:ﬁ with
reaction zone is about 5 min thickness. 23." The

dielectAppatigibsis of claim 1 including means for noving the
el ectrode node body with respect to the receptor in

20. LN £ ne, 24._ The
oot st B el NGRS honk 15 oA ThE B8 R sl 1007

the intSheloBE GithOlepidh 03 Weans S0 ARG e @érgec%% FaBPRRLRS Of

claim1l in e correspondrn aP¥GCe of

particdi s SliSRAEPmai@gde Pody and the inner surface of the
receptor are substantially equidistant from each ot her

2 S0 SS90, BOE B0 RIS B Al S ot

water.@PParatus of claim1 including means for recycling the

air flowintroduced into the reaction zone. 27. The

2. CPRORARe S eRD] ofhic i et gone Bben s m Bagsss. 8.
2. TR AR Sef G b o B vt
s 1 e BRSSOt bor oo " "

syl fur, iron and other elenments, conprising the steps
24, oﬂ_me apparatus 0? claim 1 1%1 \g}ﬁch 1%6 electrode node l?(;%y and regeptor are bov&g-

.shaped.

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 2 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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19 supplying an airflow to a reaction zone forned

bet ween an el ectrode node having a plurality of point
source el ectrodes and a receptor connected to ground,
the el ectrode node and receptor being electrically

i nsul ated fromeach other and ; applying a voltage to
the point source el ectrodes; supplying a continuous
film of "ectrically grounded water on the surface of
the receptor; and filtering the water after it
travel s over the surface of the receptor to collect
ebupplyitgah airfiow e 4 @hctioh aomEthnied beliRek 8086d100 ARRBaviaDa
The net hod of claim 29, wherein the point source

plurality efyioin descet@trosdhea RhbaRircotRsted io3mkountil e TRERRH Bl
claim?29, wherein atom c hydrogen is produced by

and red@itf e elebEibdlBahduifeddtont £2h BRENIngsOUr ce el ectrodes,
to reduce the oxi de conpounds in the reaction zone.

3ZpplngBidage hake fouRabirBSatdgagn ssi ons of a
coal -fired plant to inprove its efficiency by

" QGBI I GnERbROM] SRR BRI TLESHORS s 3Rlle bEHE | N0

the recovered carbon as fu€l, conprising: supplying
recep@f gd I fl ow contai ning carbon conpounds fromthe
em ssions of a coal-fired plant to a reaction zone

f el (REWNECRPR i ofle sﬂﬁg@oig%%/ Je@x%to% 1§ tlzoli{egtheil%%en?a&

poi nt 'source el ectrodes and a rec or *connec

mamﬁﬁ§mﬂgﬁjﬁhﬁn§kﬁﬁh%ﬁge node and receptor being

electrically 1nsulated fromeach other; applying a

0. 14 e 5 AL S0 RPN
St R R
ionizattfaﬁ at the point source electrodes, to reduce the oxide compounds in the reaction
ZOme.
32. A method for freating 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 insutated 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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carbon produced in the reaction zone; and 20 addi ng
the collected carbon to the coal fuel. 33. The nethod
of claim 32, wherein the point source el ectrodes are
needl e el ectrodes. 34. The nethod of claim32 in
which the air flowis cooled to at |east about 60C
before it enters the reaction band. 35. A nethod for
reduci ng waste in waste landfills by incinerating the
. | andfilling the _ resulting el enental
ﬁ%?é?%gﬁ%wg§%ﬂ§m?°HFﬁﬁﬁF%ﬁ@ﬁivolune conpared to the
I Rkt al te, conprising: burning waste in an
33 | Yok efmof 3 iR £F ircin (e peint Soffce wledtoni aam nexglecatictiodes.
of.carhon, . sulfur, iron and other elenments; supplying
34, 0 TS o6 i oo wiich e A B iiosooted tantBAT MO0 HEe
it tformed .between an el ectrode node having a plurality
anﬂ?ﬂﬁG?WFm§Wﬁﬂce el ectrodes and a receptor connected

35 to, ground, the el ectrode node and receptor being
35 erbiethpg i reduping wieste suwastopudflishy inideesting BB May B8d a
Jandf oltage to the point source el ectrodes of the
an edhe Eﬁ@u@ﬁlﬁh‘;ﬂtﬂ gnaermbhevingudimidishedVéltime compared to the
... electrically-grounded water on the surface of the
initial westpyeempprisfigt t eri ng the water after it travels over
the surface of the receptor to collect the elenental
mPUEReastin eul incierator th froduieas birIRwARRGIniANRides of carb
landfilling the collected el emental materials. 36. The
sulfuyyiroh aetl @hereleaients35, wherein the poi nt source
el ectrodes are needle el ectrodes. 37. A nethod for

pr oduc suplying ihetie 68 froB 0PIt 154 RAh Wn Al
fl ow contai ni ng oxi di zed carbon conpounds to a
 betweepan eleotrodpande having a plurality of point source electrodes and a receptor
connected to ground, the electrode node and receptor being elecirically insulated from each
other;

applying a voltage to the point source elecirodes 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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formed between an el ectrode node having a plurality of

poi nt source el ectrodes and a 21 receptor connected

to ground, the el ectrode node and receptor being

electrically insulated fromeach other; applying a

voltage to the point source electrodes of the

i njector; supplying a continuous film of

el ectrically-grounded water on the surface of the

receptor; filtering the water after it travels over

the surface of the receptor to collect the carbon
receptoyycompRsisd 19 Foylethe gleetrods modennd recapiar teagplosirioay insulated

fullerenes fromthe collected carbon. 38. The net hod
from ca¢h @bl m 37, wherein the point source el ectrodes are

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

aappiving anodiagadge thei roin sodescbdirodes ofihpdlietor; i oni zati on at

the point source electrodes to reduce the carbon

copplyingasontmubiseilmedetertanallyzgromdedratatpr adbe surfae bitthe

40. The nethod of claim 35 in which the oxidized
recepto@r bon conpounds are produced by burning a

hydr ocarbon fuel or paraffin. 22

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 aiomic hydrogen is produced by unipolar
. ionization at the point source electrodes to reduce the carbon compounds in the reaction
zone and produce catbon.
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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