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3'0 20&,) 003] Qur environment is becom ng increasingly
> ntam nated both due to a variety of different

nat ural phenoneng and due to the introduction of
man- made pol | ut aftes-D PRIFERNVENTONNd wat er by

_.[QUOZLndUStHi?l nati ons around the gl obe. Common exanpl es

f rranihis invention 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, ete.
BACKGROUND OF THE INVENTION
[0003] Our environment is becoming increasinéy 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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made pol lutants introduced into the air include

ai rborne particul ates produced by conbustion in

hydr ocar bon- burni ng power plants, incinerators,

i ndustrial processes of wvarious kinds like snelting
operations, nitric and sulfuric acid plants, interna
conbustion engines, etc. For the nbst part, such
pol l utants conpri se oxidation products of carbon,

sul fur, nitrogen, lead, zinc, and other el enents. For
exanpl e, since coal includes traces of various .
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to create ions that attach therrBeI ves to the
problegng Wherg popBlle, lqwsulfia coals :prﬁgs in coal-burning power plants to reduce

scrubbing requirements, but this increases the costs of power generation. Altematively,
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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charged particulates are then collected as such in an
el ectrostatic precipitator. [00051 Unfortunately, the
prior approaches to controlling the introduction of
conmbusti on- produced airborne particul ates have net
with one or nore serious problenms. 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
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_appar at qg, of the present i nvent ion operates on only _a
‘torroidghshapes, S(ﬁ’é?‘ﬁy‘r"’mm‘?é And HPCBHT PEACCES 318 kppsgy fer
treat the en1SS|ons of a coal - operated power plant
- produciperfpllersney. Becapiedar/BPesdses Ats#P CPRPIst.-2nt the yigkisiea Qvedke
and repeatedly re-used tog fuel

resulting product is very, very expensive. The present invention provides a far more

-D

- 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 recovefed 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
3 _



conbustion, greatly enhancing the efficiency of the
power pl.ant [0009] Finally, .the present apparatus is
al so useful in reducing landfill requirenments. For
exanpl e, since the invention is so efficient in
cleaning the air, it makes possible the use of

i nci nerators which have been heretofore banned or

di scouraged because of the difficulty 3 of
effectively controlling the air pollution that they
produce. Thus, many materials that otherw se would be

incinerated. have n.,| -filled n L
of eftectygfy PREHifi e Bk BoRRE ey poouf TP RESFRRERL ot
.coul d.be burned in. inci ors and.treated in th
oterwish pufa e sl ayE bt RO R By PRt ieaf
vol of the reppining material (primrijily, the
landiil e LueibRAETUREPNCPe TS R PRerRioreAd SERFn praprosat
| and-filled, taking up substantially |les landf |
apparatug s OV SreAllY FROPee By oLuBe Y e Ao ETRCT (oriagy s
may be mned, .incinerated, treated .in accordanc? W th
collecteq plemppteldnsierial) which soyld thendberlandcfilied fakipe wnsibptantiplly lgss ¢ o
greatl reduce the volunme of the mned | andfil
landfill aygs sKustheroagre. already duriedandfill aoaterial mpyrbe wined Juciperpad;i | |
SUMVARY OF THE | NVENTI ON [ 00101 The present invention
treated in gagordaness with theprrsend inyentipn @ndreetuserd te e landEll e ergathh ai r
fl ow containing particulates and/ or oxidized conpounds
reduce the velsnp efithe mingd, ndfifl, yhstapiallpeiendingdhedifetime of the landfill.
apparatus and nethod utilize a receptor having an
i nner sur f aceSUMMARY, OFITEE NIRRT e havi ng a body
, wi th an outer surface spaced fromthe inner surface of
[0010] t he Theqwgsenrinyeptionegomprises ap eprardtusang mythod Soripsating gyaair
outer surface of the body and the inner surface of
~ flow coptainingnagtisulates and/pr eridizedcqmpgungds efcartior.suifyr, Eemandatrsie
poi nt source electrodes project fromthe body of the
elements| dbe apraatuscad nethod utilive arecgbtor kayinggnduneryisfags, ed fbde
node and the receptor are electrically isolated from
electrodearpide bavieg a oty withenjonisesurBes Spacsd fiom the mnerswelaeend thes
connected to ground. A voltage source is electrically
~ receptor tndedine e tearidon 2ene bétwean theomiten seréace ofthe hodyyand thednmerf or

introducing an air flowinto the reaction zone is
surfacernf dhve relesgitorf Arpluralityiof eleptridally conductive point source electrades 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.
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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air flowto renove the particul ates and oxi di zed
conpounds. [0011] The apparatus and nethod may be used
for a variety of different purposes. For exanple, the
apparatus and nethod may be used for treating an air
flow containing pollutants generated fromthe burning
of fossil fuels, trash and other materials to reduce
the oxides to elenmental material -and water and to
renove the elenental material fromthe air 4 flow

flow. Allsvothe afyardpial aietod iy b¥tibBr F8iin @mibsREs 6fQbal-operated
treating em ssions of coal -operated power plants to
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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 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);



[0015] FI GURES 3A and 3B are respectively a front
el evation and a side elevation view of a rubber tile

of the el ectrode node body of the apparatus of FIG 1,
[0016] FI GURES 4A, 4B and 4C are diagrammatic
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 mhich the treated air
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_ al terpative i ments, of 0|nt source ctrode
inventicpip WHISR e (ot B .wmﬂ@é‘ oBpiER 5 BRI

THE I'NVENTION [0019] Turning first to FIGURES 1 and
and 2, an apparatus 10 in accordance.with the. present

invention is illustrated. Apparatus 10 incl udes an
[0018] eI ectﬁlm%d@smﬂtmaw\mdm@ms phifie peiatsoutss slestradse
. suspended above and spaced from a funnel - shaped
up. receptor 14. The el ectrode node body and receptor are

affixed to a 8 ort structure 16 disgosed about the
DETAJBER DESERIVHON E@R@FEBRE@ EMBEPIMENES QFSHHE BYVENTION

support beans 16A - 16E and generall é hori zont al
- [0019] e mb e Teming dirst ¢ FESURESS ands?; an appgratus i imeasendange vt ihent

: menbers, as propriate, for holding the el ectrode

presenmmumﬁlumetetg pbmmwoonﬂeciw e@#mgm@e@pdx hehaving an
systemin place. A series of three gi;ener ally

inverted oonezshapea suspended ahovh andsspaceil-fiopka funnel-shapad resepton 14- (The
interior of electrode node body 12 along its inside

electrotiopodsdpdypirdirgcep®r arbrafiined teesuppurpginctureblirdispasad abpatdbe
joined to a comon center 20 (FIG 2) fromwhich a

cone andfunnel comyprisieg intep alia peasice of Spphstheoms thA— L OE and graerally

- interior of the electrode node body and is attached to

horizotialemérabsts incliding beamisshtE |- t6Hrnd othef attathenhineusbess, as
Support bars 161--16K and central support 22 are nade

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

. system in place, A seﬁe's. 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 ceniter 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 hotizontal members 16F, 16G and 16H and
to support bars 161, 16J and 16K.



of an electrically conductive material. 100201

El ectr.ode node body 12 is.electrically isolated from
the system by suspending the body from hori zont al
menbers 16F, 16G and 16H by a series of insulators 26
whi ch are attached to the bottom side 28 of horizontal
nmenber sgg6F, 16G and 16H and to support bars 161, 16)
and 16K™6 [ 0021] El ectrode node body 12 conprises a
series of interconnected alum num frames 30 sized and

fouz1y 050 BRI BE) Mo PuBiS ¥ R iusieaneii ifesER
srames A03PRT e propily I Sk PSR islihioh Hertitiees 3
ronne e s ol e RS Bk o i 4
cond e A 55 8 kit or g
projecting framthe surface of the tiles. These

32 formdhapuiar sumiace gf e glectiode podsbndyead ameigpnezally smogtha pith ageries

and an expanded base 42. They nust be electrically

- .. of pointsprerelesiodesia thefomn ef shawly-paipted ngedlepdéiprojsrtingsfrom tices s

steel or another_electrically conductive material that

- surface akthe tiles.c These needles inslude a gharp, ipeinted tip 3%a2 shafli4l apd an ne,

~sharp tip 3 8. In the presently preferred enbodi nment
expandqdehapg 42 sThey awst berplestrically candugtive and; prefesably; avild he made o
hypoderm c syringes are used. [0022] The inside of

“stainles$ steel openothen electiieally comductvernatenial thatviesists gorroséansnd saretake

sheet of an electrically conductive material such as

- and mgintpin mfing, Slirp tip B8 Inithe pressutbypreforrbd ctnbastiment; stainjess steel

| ayers of alum numfoil 44A, 44B and 44C are applied
needlesgntendsd ifonplacementfim bypodérmihsyrisg@atewdd node body,
adj acent the back wall 46 of the tiles (and franes) .

- [0022}i t h akheipgidopfdlesirodentide bodyel 2 is caviered svithatt leastont sheet of an
' gl ue between.the back walls 46 and the front of the
electricelly confludtive satorial shdlas Awrdintundoil. biattheamesedtrantodinams shree

abutting surfaces of foil sheets 44A, 44B and 44C.
layerd GG 8hintie éail 44A,26Band440 e npplicd kd the inneresucfoceed checeledirpde
driving themthrough foil

node body, adjacent the back wall 46 of the tiles (and ﬁ-ames) with an appropriate 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 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
;o



sheets 44A, 44B and 44C and then through the rubber
tiles until the expanded. base 42 of the needles abuts
t he exposed back surface 48 of foil sheet 44C. Since
all of the needles are attached in this manner,

el ectrical continuity is achieved between all of the
needl es and the foil sheets through the electrica
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 foi

er nbl. i ap aratus it is, preferred
oach of (i peciisn 8 S0 etk L 0 DO DA B VISHBRED 1S  he
nee and the foil be checked with an propr| at.e
ensure %ﬁg Bg&i“ PRI Sopee glectrqdss ang infegrated °°§1ﬂll°"&i) '%"ﬁ oAt

source electrodes are integrated_ in a como
[0024] | octWhilegnlys fedinepdles qrogomp wmd@gcfmnymﬁwtoeweﬁa@dn es
are shown protruding frominjector tile 32a, in
practicetheeutersarfaceef dectode sederbadis 121 covased Vismynasuotoising 12
is covered with nyriad protruding needles preferably
needlesppaderply symbyesaced peross theBoftsunface of edch ofthe filea g While thet he
tiles. Wile the actual spacing of the needles can
actual speping ofghensedlpscagn viny ak desired dtip pregently prefarred that sregleciiede
el ectrode node body having an inverted cone-shape-
node bogythaving aninverted conceshaps willbosnrfapeam@ofiabbut 22 avavill have
approxi mately 17,000 needl es of about 0.35 mm di aneter
approxipatgle t7.00qeedleant, iabayt 936 frarm diametep projedting fropb dsisurfage, nm
bet ween adj acent needles. While fewer or greater
spaced piAbowt 22 ok betwseniddiacentagedies. (Wlate fawerra grbater nunbeiswof
believed, that the greatest efficiency is achieved
- needlesanayhbe ushdasgreedeticit is bplieved,ithal khergiertast effi€ienvy ésfichieved with
g Currently a spacing of no | ess than about 20 mm and
the greatest practical pumbea bfneedles Gurrently b spacieg ofine lsssthangbout A mm
Also, in the illustrated enbodinment, thetiles are
and noatswethart kgt 4 Hmintis béliseebtoe banptiriie Afsociltie il heifated
protrude about 40 mmfromthe front surface of the
embodiméng,she fileR&iboihcmp dn thicksessiraod thelneatle shdspréBudesbautidf
the present invention bear special attention. Wile - -
mm from thelfeonpsuefaes ofelk tdedoodi ment of FI GURES 1- 2 these

poi nt source electrodes are shown to be hypoderm:c '
[0025}need| e pbinespurraylettendod 3Gurpd Bt theipresamtinydmdion beat bpediaé a
attention. While in the preferred embodiment of FIGURES 1 — 2 these point soﬁce
electrodes are shown to be hypodermic needles, they may be of any structure tflat includes a
sharp point at ité 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.
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sharp point at its distal end. The shafts may be
round, flat, triangular, rectangular, etc.,  as

desired. A non-limting selection of such structures
is showmn in FIGURE 6. In all cases, at |east the

di stal end of the shaft has a taper |eading up to the
tip and the tip cones to a single sharp point. The
angl e of the taper may vary but as sharp a taper angle
as possible is preferred. Appropriate point source
el ectrodes will be observed in the dark to prgoduce a
100261 7 SRS P8 e GRS AR ol PR P flericlly
descr.i bed bel ow, the el ectrical potential_is applied
connectingp Yohage soyrqeguch asgdrapsformer 5B do elpgirieally gondyctivsyiort bars
Needl es 36 are provided with an electrical potentjal
161 - 16K, whichdn fura areleleciricalbneanneaieg tg thedack githe injretos, ta therfoihandy
transfornmer 52 to electrically conductive support bars
hence to @1 needlex Whilethe negative lsadpiheiransforineris Shovamnenessted dp the
the back of the injector, to the foil and hence to
injectot dvd thepuits leadio groutd@vhivhgapiefeerels thsedtadsimnay be switched if
transforner is shown connected to the injector and
- desired. hAnpomivetional ebstticabrapsformet camhbe udedi ¥ ipprefeared thef)the -
these I eads may be switched if desired. Any
. transformenpeoduice a abitage acthe rangé of sbantsF053006 kVahwouplea restifibr. It the s
preferred that the transformer produce a voltage in
illustrdtédeembadipsent fa tabsfotmet frodocing 00 k\h DOyt 280 mdcis nfedeThe | n
the illustrated enbodi ment, a transformer producing
potentR0fiak be asancor My bererisal comeebnsifite witheheemhire bf thepartialates
constant or maybe varied conmensurate with the nature
in the @i floWwgethp eaté oL fidvabfthe ait flowete.air flow, the rate of flow
of the air flow, etc. [0027] Turning now to
[0027f unnel Tahiap adwiehivpélahapbd receptor B, idesrer that the feeeptor
receptor includes a continuous conical inner inclined
-includesls tanigu@fd.codiosl et axliwdgarfa 60f Thheuteraedep6Dof thesreceptor is
: encircled by an annul ar trough 64. Water is
-~ encirdléd Byl af@abihntrcug pi.i Wtk 3 chitinubtshyigipplied to ige ttdugh during the
operation of the apparatus by a punp 66 draw ng water
- operafiéiO6f the AfERNSDya pRfhpE6 drakthd Watkd fign atdervoR 68 and delivering
t rough t hrough supply tubes 70 and 72 so that the
- the wifef B'troufh 64'@rdupR YEiplFRbds! 79 an@ V2 ko thRhOwhter in@BtOeougR ssifls
' the receptor covering the entire inner inclined’
over B biiRF&1gR 62 bPhe 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



receptor with a continuous film74 of water. Since it
is.preferred that the entire surface of the receptor
be coated with the filmof water during the operation
of the apparatus, the receptor is maintained at as

| evel 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 nent, punp 66 supplies water
to the trough at a rate of about 600 n8 per mnute.

an angle Q@ 28t FPGRPIAbackd !dﬂtaﬁ%:eA bE 11‘66%{ easgtgo I%gle 8}1@; %%Eﬁ

about 5 nmeters  across a
of 1nver?tg%'§6&%fos§aﬂeﬁ eﬂgﬂrcg%{nocg{%ﬁg "2 'c'i]é:ahﬁ gﬁ'fl%g%ﬂ{?ﬁ ag%eaém)&nti s
region SPREERn Fol 5 ARG e Yon A Shnagl irBis A RissomB Gl
edjustelgs .°§S?Hz°3%85%£§ PR el of SrramE A eIndeth { ché.
o e S S Bl i
s egﬂwuqm S e e . e o e
it et dediBiid by erdenin s meeies. nodle ngy) |ﬁ

or der t v ar Ihls cin [0029] Additionally,
'[°°29lpr ef e 1' et g‘mvwr@rrmsemsm oot

recenta tor. covered by an insulating coating such
Pt € e "ﬁ@ﬁfﬂ HipgCoBBR AR S #epoRECoating dlwhish scthe

is abqut 6 mMmmin thickness and filled with
”‘“s“ag‘ir‘r‘bémg’e ee“ﬁé\"{‘ﬁté%%m thigknosseandifillpd with disldcticpericleng

.n xtends,  around the |lip at the top edge of the
E refe’a%gycg’b %P‘ﬁatﬂg coptingexiepdsapougd 3¥°é’(Pr3é thettongdge pf the tesentpmdt

be hj.ghl lished to facilitate surface coverage by

is f“r'l{eﬁgfeh‘gﬁi‘g"r“ ﬁ%fsl cﬁ?‘%ﬁ&ﬁh})ﬁ;@hﬁh@@ fopilitaterguefacst covérage tyf the
- wat é ter fi. I down conti nuous conical inner inclined
e © the,gate qf fqw) of thewgter Silm dnn gptinueussdning inner

I ing coating, the water filmis
m°1m°8| CP?@ F&'& fixng! reerater- otpithstansing this drshlsting muugmhe

water film is electrically grounded as will be described below

[0030] While particular electrode node body and receptor configurations ére
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. Itis 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



[0030] While particular el ectrode node body and
receptor configurations are illustrated in the
enbodi ment of the invention of FIGURES 1- 2 (and in
the correspondi ng diagrammatic representation of

FI GURE 4A), other configurations may be used. For
exanpl e, the el ectrode node body and receptor nay by
bow shaped as in the diagrammatic representation of
FI GURE 4B or they may be otherw se shaped. It is

4C) cRAFyRIgAR R polR YRY & electrbfilas HORHERY %@ngﬁ tg;i)ag{: Feg&/ﬁé}ptﬁe

node body and receptor surfaces be subs

flat suP@éAdonttutiry thOfeaiiGiest ant from each other and that
the el ectrode node body and receptor be symmetrically

L Mt R e S e e e S R A

colteo AR RE 5P itk € B Rt R R e o B B8 B e
68 oIS Bl o 1RV R SO B RS heBieh ¢ wisa . Gpfars s
oy VBB S P s A B g Bt
e G A A bt s

e e b b g Sl
roserti QS ataniirps aferes, ke oimeniofiter bngt e ey
o e B . el BT
mﬂ¢%$3m95§$§rV°ir (l'i ke carbon particles, fullerenes,

EHAfREEE of f t he top of the reservoir.

0034 eavi ng,cl ean water for return to the receptor. In the
100331} | st Tl BEFSSBERRRANAHHS it Intendeddp reatian g Hopoasingngsiidizedoo

' Jiters of water,, [0032] The present apparatus is
partiqulgies 8L s ipo “FMEO 4@51 hapedyiraction zam tisen gheglegirode
articulates that is introduced into funnel-shaped
node bady.ndrcepior surfasesy dibg g Hloyreaydedutrodyens intqdhraitfeagmentd

.receptor surfaces. The air flow may be introduced into
- regiopfromydiffexeptdaeatipns in the apparatus. For example, an anoular air chamber 96

may be disposed about the outer edge 94 of annular trough 64. This chamber will include

- one or more inlets 100 (EIG. 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 anhular 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



region fromdifferent [ocations in the apparatus. For
exanpl e, an annular ajr chanber 96 my be di sposed
about the outer edge 94 of annular trough 64. This
chanmber will include one or nore inlets 100 (FIG 2)
preferably oriented, as shown, to direct the airflow
in an annul ar fashion about the air chanber. Air
chanber 96 has at its top 102 a radially .

i nwar dl y-di rected annul ar nose portion 104 juxtaposed
above trough 64. The top 106 of annular air chanber

sant 362 (185 B B AP R Y
el iy R 00 t%%ery N e .
0033 nclingd surface 60 of({ tor to rowi:ie an
[ nnul at" SN ETATRE B T"r%ls 83‘@"@ 1ptogix
g ""%&%unip Eéhgem'lba wed 3

11 d I
sccel I8 T ey it 450 T DT AL BPUTD T sty

columy, the entering air flowfrominterfering with the flow

water onto the inner surface of the funnel. [00331
4lhe air fl ow cont ai ni ng oxidi zed particul ates is
(003 refer #p Prberlipey ?wﬂh\aﬁﬁe@n@smﬁ@e& pagticulates

. 05|t|ve head of pressure unmp (not shown) is
may e gueyideg o 5&*@%%11@@%1 thwms vinlsbiDsa og putieh 124 Vhore
_ hanmber under pressure of about 70 min water
the m&%‘l"tﬁ irsupplisd M‘i}mlcﬁm&h ais chasthen dtenterarerstionzane 46 fomethe lower
fl ow containing oxidized particulates nmay be provided
part of ghe funnehshapgd racoptos pasferably prssusiaed asgeseribédAbeve. 1Tids zinflow
an outlet 124. When the air flowis supplied to this
moveg gpyelithepaction Zps spntagting aprdias36 projuding fromgheelagrofle node
the | ower part of the funnel -shaped receptor,
mdyﬁ*@?‘@?‘&ﬂl# ¥ essuri zed as descri bed above. This air
ow noves through the reaction zone contacting
[00351 eedl edn Tethsy @temigﬁ empofiimsi, meansarenrovideldforngdicculdting hezpir
a descri bed earlier. [0035] In another alternate
fow emamﬁefahrem@naﬁ%w itefmebrgvstherafidiensy lofithe wystenne

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



fl ow passing through reaction zone 45 in order to

i mprove the efficiency of the system This may be
acconpl i shed, for exanple, as illustrated
diagrammatically in FIGJRE 5 where a portion of the
already treated air flowin reaction zone 45 is drawn
off of the bottom of the receptor through central air
chanber 120 under the action of air punp 126 and
returned to air reservoir 96 for reintroduction into

- [0039) he re@cti Qb APAGw c&d?é}?’ig# LB PRGN 8@9@%3%?@1@

appar at us proceeds as oWs’ ;%5:1
e G AR Ak R, B i n N
ttrod 2 00 n el B Syt P Bsdiady et st
 tomp g e oy A SR Bl s i e oole sty Plrenipeplrmes
oo IES b B i ot 100. Where apparatus 10 is

: sed tg dirgctly treat a high tenperature air flow it
[‘-’04"?]5 preferre etah‘xéf!m’i ﬁ@'%ﬂﬂ#maﬁber@é@éemmww opening

convent i opal peans a tenperature of at |east about
98, tBaE Brough seacsion SPRR A%, bttt Tigep & aierrst with demeeflatior
0 d exits anpul ar, opening 98, traveling through
P’““%é“ﬁ%“bﬁ‘e%ﬁés'ﬁgﬁfe Ot Seqtiode mode bpris e ais eniering thespase ¢ h
_ the needle ti rqQtruding fromthe outer surface of
between g’eeefegg?‘fe&?ég ﬁ%%bpeﬂﬁ hpyreceplog isgeselespied fo anganae dhesinteration
betw be&b\épen the el ectrode node body and the receptor is
&0 Lie1Poj s flectinfies {peedicHips) and thepuxidizsd patiisulatse as 2 fesult of
. point source el ectrodes (needle tips) and the oxidized
the'mg%%"éaﬁ ofidized particulages and the point sourck pleetredes phihe ofiector. The
- ..oxidized particul ates and the point source el ectrodes
'°’-“d16% HafPé“’FWFE’c Beir feweare conyeted taeleraantsl cabar, sulfimlead gingiand
i flow are converted to el enental carbon, sulfur, |ead,
- silverhy the agtign ofthe peipt sppree glectzdes and dogp inteewgser film Fourr tbeinner

. ..electrodes and drop into water film74 on the inner
inclined surface 60 of the funnel, and are carried off to reservoir 68. Once removed by filter

-=ry
D .

- 92, the elemerital 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 col}ept 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



inclined surface 60 of the funnel, and are carried off
.to reservoir 68. Once renoved by filter. 92,. the

el enental material may be separated, discarded,
processed, etc., as desired. [0041] E. Air -free of

t he oxidized particul ates rises through.the air
treatnment region and escapes at channel 91 to
re-enter the atnosphere. [00001 The above appar at us
may be operated indoors, since the exiting air flowis
essentially free of undesirable particul ates.

we linfyd E%?%’%“g'ﬁé%%%%%%%ﬁ%%ﬁ%ﬁgé’pﬁ%@i&gi A E%ém :
extendivr A 4P 3B e Pl esfo 5 i o sesend

a amﬁ& the apparatus. Additionally, two or nore apparatus
PPN ts 10 may be grouped or |inked in tandem using a
anop o collect apd recirculate the air output from
[0042]i hann é"hgf’,lestcﬁn B%Ii.’r"&?edo\“q‘% the peaent ppnaretug ped colleeied Homny
an the units fajl. |n an alternative enbodi nent,
| resew?‘\‘mg&gém-ﬁf?gly’ ¥hpuit é&adswi?b tq proguce 4 fliezews, # Mery sleatem by
hvd cq%}ectin t he air output froma first apparatus using
yarocarhon sawe (Sush as dtifurd ovrastiin)ia huraed o treated by eppaiahyg 10 fire
collected air outgut into inlets 100 of a second -
order tgminimize the pregrygoat impuitiss inbe fullgrens Singdmovfucte The Gillergnesh e
resent, apparatus and collected from reservoir 68. .
prod elpdipe {60, Gvetes prd Cigo ax be sasregated uping chuventional means.
ul lerepne,. a _very clean - hydrocarbon source (such as
[°°43f ot f UUPIEH ishslieyed they the importentcand anekpectedtesuts bshieved in the
: apparatus 10 in order to mninmze the presence of
appargtysAnd method of e dnyention arathe rrsult pfthe production of eldinental
' full erenes produced, including C60, C70, CM and C120,
hydroggpreducedat theips efitha spintsoutsn slepiradsaby unipdlarsonizationsdtich
: Wiile it is believed that the inportant and unexpected
very apiinely reducgs the @vidired partieles, applipantsda ot imehdrie bitiitetin thee
invention are the result of the production of
coverage of fhe Prgsent iRvgRtinpdn any thehny: efitsaapetation.t With thié intohied,poi nt
.source el ectrodes by unipolar ionization, which wvery
applicgptispggesty thedollnydng possiblgsmeghanisth foa sulfur Kingide agipttiondmt s do
.- not intend to be limted in the : T ' o
accordance with the invention, with other materials such as carbon, iron, silver, copper, efc.

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



coverage of the present invention to any theory of its
operation. Wth this in mnd, applicant suggests the
foll ow ng possi bl e nechani smfor sul fur dioxide
reduction in accordance with the invention, wth

ot her materials such as carbon, iron, silver, copper,
etc. being converted to their elenental formby a

i ke mechanism [0044] H2O = O4 + H [0045] H + e =
H [ 00461 40H - 4e"= 02 =2H20 10047] 6H + S02 = H2S +

o120, SN S i et e

mechdagpon di oxi de nmay be reduced according to the present
mechani sm [0052] 4H+CO2=Cl+2H20 [0053] CO2 + 8H =

[0052H4 + ARQ0[0834] oyt + C02 = 2 C 1+ 2H20 [0055] Al

ref erences, ‘i ncl'udi nzg publ i cati ons, patent

0053pPP! | cahi QRsr_ aRd nts, cited herein are hereby
! Fncorp%{rjét gg[ bé E?glt?gnce to the sane extent as if

oos4fach refer e jmrne .4 ndi vidual |y and specifically
L ndi ca e@l+?§gbe¥\€r+§o%%g]r ated by reference and were set

_ orth j its entiret rejn. [0056] The use of the
10055 07 Allrttfock etk polfflons, patoah appioatlonsomistasbons, ied

erns
s o 5 PR e e e et
i R B e e LB S i i
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 shortﬁand method of referring individually to each separate value
falling within the range, unless otherwise indicated herein, and each separate value is
iqcorporated 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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clearly contradicted by context. The terns

“conprising," "having," "including,"” and "containing"
are to be construed as open-ended terns (i.e., neaning
"including, but not Iimted to,") unless otherw se

noted. Recitation of ranges of values herein are
.erely intended to serve as a shorthand nmet hod of
referring individually to each separate value falling
wi thin the range, unless otherw se indicated herein,
‘and each separate value is incorporated into the

[0057] SPECI ﬁe?@:teﬂgﬂlb&ﬁmgﬁts bftcfléjg@{ %ﬁdgxddh & déiitel Yere CinEﬁ

here in erern can rned

best mddd KA &Mt ﬂg 19019 E‘&%}'ﬁ%r ﬁleqfl\ténﬁM S¢ egg% Co@"il‘ﬁ)g

erern or therw se cle y cont (radi c Yy con?ext.

preferr%&&n%%ﬁn s Iﬁ be%&'ge %{g&eﬁﬁ? %lsg of o&&éarﬁ)éﬁmlll ﬁfé¥m upon

guage érei
readm%trﬂ% ?%%@%%:@ets& lOl; Ol"h%%\}e ﬁtt01és exgélct Blﬂﬁ?cﬁaé{‘lsgesot een}? Ol?){shc
vention. e h . | angua in
variatiGr 65 Bk i sfﬂs %% ?Pg‘tif i f%f&ﬁ%we@an b Pﬁ&%e%f n
on- enent, a to the ct
°ﬂmw 3 iR il e B b pten iR i
i nvention a scri bed her ncludln he
0B HELFAREAGMA OF e TSt RFeh et pdhe qles goRge
enti.p tions of thgse, i.ments
Pmt% BB@’&E%‘ iéab SRR VeE. 30 BF e ﬁéﬂ Wﬂm%
ar t, u the for descrl . The,
in ol EORRRIA PRAG tﬁ s rpestoed by e dpens &@eemmdmted
var atlon s r.0 ate, and the |nventors i nt end
herem]"BPtth ‘gﬁd‘(‘%db%"’?ﬁ%tl ced otherwi se than as
spGC|f|caLIy descri bed herein. Accordingly, this
invention includes all nodifications and equival ents
of the subject matter recited inthe clains appended
hereto as pernmtted by applicable | aw. Noreover, any
conbi nati on of the above-described. elenents in al
possi bl e variations thereof is enconpassed by the

i nvention. unl ess otherw se indicated. herein or
ot herwi se clearly contradicted by context.
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16 WHAT IS CLAIMED I S: 1. An apparatus for treating an

air flow containing particul ates and/or oxidized

compounds 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

t he body and the inner surface of the receptor, a
WHALIS CHARMEDIS: el ectrical |y conductive point source

el ectrodes projecting fromthe body of the el ectrode

néga@ppamates fohkeating an kio flowenstainidpdhaticalates AP RGEANd

the receptor being electrically isolated from each
compguileof carboin, sulfer, ironeind sthief déferts, chifrisifecept or bei ng

connected to ground; a voltage source electrically

c e mventordniving ah hheehefabd;0de node; and neans for

introducing the air flowinto the reaction zone. .2.

Theelagtfode Addéhading & badyvith hiloyy s%ﬂ‘aée@ﬁaecg%l grgﬁlrtﬁgﬁngrosg%ace

body conprises a series of i1ntercon
of theeboeplof totiafihe/a RARMAGHhY Betidd ‘surhld Patus of.
claim2 in which conducti veqfﬁ’??ué% ar egﬁgﬁgﬁgﬁ'ﬁtﬁ% er
surfacklof fR eckeptor; Pr oduce a cone-shaped structure. 4. The
apparatus of claim3 in which the point source
ehgﬁﬂmﬁ&&l&ﬁ%wg dh ' surfaces j.nto the
reaction zone. 5 T e% a?lg%qﬁ&g%ec%?‘{ﬁﬁ’ﬂew&ﬁ?gﬁ

. bodybmeabafbaemmqﬁemqwm. an inner surface that is
cally ¢

covered with electri bnductive material. 6. The

a HdleRtréde !Qf_ie ﬂﬁ%ﬁt&aﬁﬁgg%%&%&ﬂsﬁ%ﬁ ii'gx%lelaéix other and

conductive material I's
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.

17,



17 7. The apparatus of claim1 in which the point
source el ectrodes are integrated in.a common
el ectrical circuit. 8. The apparatus of claim1 in
whi ch the point source electrodes are needl e
el ectrodes. 9. The apparatus of claim8 in which the
spaci ng between adjacent needles is no less than
"about 20 mm and no nore than about 45 nm 10. The
apparatus of claim8 in which the el ectrode node body
has an outer surface area of about 22 nz with
7. dfiprappdrated oflcyairh 7, i0OdichelRons sefrcedlQtodd 3OintaRMidaARt er
projecting fromits surface, the needl es bei'ng spaced
commai elednduat ciggditnm bet ween adj acent needles. 11. The
apparatus of claim8 in which the needl e shafts

. ; f
8. prigtappigusdfildimA4Gn chhrt%gﬂeofuﬁ ﬁ%@%gdﬁgg%% afrrg‘ftfe%dfé e%etcgﬁdes.

body of the electrode n us of claim

9. | Theupphitatidof dhm\EOih WSt Mﬁﬁﬁ%\}ﬁ%\gﬁm: f @Qﬁt g% 4 s is goless

The apparatus of claim12-in or mer

thanaﬂﬁl@ﬁd)ﬁiﬁfananﬁ%dr@gﬁ?Mui wange of about 10 - 3,000
kV through a rectifier. 14. The apparatus of claim 12

O R e e R B e s e
o OV S 517,000 Bl ORI B ok
fom B e EAAEE bRNE AN Mo A R el et o
1. YRR, b R ReaB ol bolF ik RSP e
outer RO bAIGRRO L BicRRgEPT O > encircled by an

annul ar tro continuoustTy supplied with water that

12. SPhd +p§art9¢€1§5fél£i§1 PO faiBle doite i MG ropLEC ePL OF L0

supp e cont | huous m & appar at us

13. Ofn&dd %geuggfeaamw % A%nd PRSHS A L RERs 2Tkl il BSSRLON

carr o renge
- of about 10 —3,000 kV through a rectifier.

14, The apparatus of claim 12 in which the transformer producés a i/oltage in the“r.ang'e
of about 300 kV and a current of about 250 mA, through a rectifier. - B

15 The apparatus of claim 1 in which the receptor is funnél-shaped, having a coﬁical
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
ahnular 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.

18



water filmis covered with an insulating coating. 18
19. The apparatus of claim 18 in which the insulating.
coating is an epoxy filled with dielectric particles.
20. The apparatus of claim 16 including nmeans for
collecting the water traveling over the inner surface
of the receptor and neans to filter the collected
water to renove particulates and el enental material.
.2.1. The apparatus of claim20 including an air

19. ¢ Tha appargtys gg@aiem § iorwhichl theinsulgtingwathn ik acépsdy filed Witk

.. 22. The apparatus of claiml in which the reaction

dielectrigiparticlesabout 5 min thickness. 23. The apparatus of
claiml including neans for noving the el ectrode node

- 20.  blbyappiatus of dsinetd intlodibh heh@aBPEMecting (Y WA thaQelUfy over
t hi ckness of the reaction zone. .24. The apparatus of

the inugk sirfiac of the vdeepstbr dndencheiotHlRERe RO1RER YMker B EmbRE EPt O
are bow - shaped. 25. The apparatus of claim1 in
particalites indt detnenied f@paNdi Nng outer surface of the el ectrode
node body and the inner surface of the receptor are
21, sThsippataislof Maif20 MERERR bk bk ABLARE L RENE! ﬁue@iﬂg &{Jk%uected
el ectrode node body and receptor are symretrically
water.di sposed about a conmmon axis. 26. The apparatus of

claim1l including neans for recycling the air flow

22. | Whé @fund of i 1 ilWEIPAE taBho AE s bt sTRE, ARBALA! US

of claim1 including nmeans ftor 1ntroducing e ar

2. T B phfals ob Blind PHRfudfil ool rok BB AR QLo e TR, win

apparatus of claiml 1nc ng neafs for acce

respedt BPth kdcefithiW oftfer {dl vabPhftksiess Hq%e ;&glfc%ni R Z0Ne. 29 A

method for treating an air w cont ai ni'ng

24. PThé h;fﬁd.{-aﬁfs%? clditdl1 Wik 88 eROTRRYIAES b(?(f‘y 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 conteining particulates and oxidized compounds of

carbon, sulfur, iron and other elements, comprising the steps of:
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carbon, sulfur, iron and other elenents, conprising
the steps of: .19 supplying an airflow to a reaction
zone formed between an el ectrode node having a
plurality of point source electrodes and a receptor
connected to ground, the el ectrode node and receptor
being elgctrically insulated fromeach other and ;
applyindiﬁ vol tage to the point source el ectrodes;
supplying a continuous filmof electrically grounded
wat er, on the surface of the receptor, and filtering
tHepkiag an aiffaveto areactipm gasieformed betaen muslécirode mdde hiaving a
receptor to collect elemental materials formed in the
pluralityeaf @pinbspuyce glectr@ies amtharepaptdr oonnetted toaironnd Hthe e &le Roldldre
poi nt source el ectrodes are needle el ectrodes. 31.
and receptor heing clectidally ingitlated Fromdaek ether and oni ¢ hydrogen i s
produced by unipolar ionization at the point source
edpplyingodeitagetto theguint sourdesleitbdbs; conpounds in the
reaction zone. 32. A nmethod for treating the
- eswpplying asomimensdiial of kletteidallyl gadindé DwiteinAHEsrfaSe of the
ef ficiency by recovering carbon fromthe pl ant
receptemyiigbi ons and reusing the recovered carbon as fuel,
conprising: supplying an air flow containing carbon -
chitping tesvater aflertiteavel¥iov & thy warfade oF th tok td @Mledtefttiental
a reaction zone formed between an el ectrode node
- materiplsformgd & thé reactiontzgne@f poi nt source el ectrodes and a -
receptor connected to ground, the el ectrode node and

30.  rEixepéthed offelim 09, akieedin the Pbinysoufte dledthddds ire QRS ctrodes.
ot her; applying a voltage to the point source

31.  eTlnhetbetbotclast p9) wWheRgn o Hydibges pfddhéady
el ectrically-grounded water onthe surface‘nﬂ t he

ionizati@C &tfthedyoint 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 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;

fltering 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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filtering the water after it travels over the surface
of the receptor to collect the carbon produced in the
reacti on zone; and 20 adding the collected carbon to
the coal fuel. 33. The nmethod of claim 32, wherein the
poi nt source el ectrodes are needle el ectrodes. 34.
The nmethod of claim32 in which the air flowis cool ed
to at | east about 64C before it enters the reaction

b%dﬁng%-w&c'ﬁtémnﬁ&@ekgﬁﬁ%ﬂg waste in waste

landfrlls by incinerating waste and landfilling

t nShddtor Pel; tal ,material having a di m ni shed
. Vglﬁx Gme ccc)lr?ggfﬂggb?’o ﬁeénthleﬁf’# Sfuregelacizodes aigmesdls eleptrodes.

b [ . I n.,an i.ncineragtor, to produce an air flow
*c %gﬁ%%‘%?%%na 32 iy phigh the éﬁ,%m”s‘é Faled to jat least ahout G Bidefore

itemélsﬁiéq- . plying the air flow fromthe incinerator
to a E%gg??%ﬁ' zone formed between an el ectrode node

_ hayin lurality of point source electrodes and a
3. 2% ienﬁg’é? ? féjréecd‘fﬁ’ég agte i Wattolgndfillsthydnainesating tidevasteciad and

: ept or hei electrically insulated fromeach
tandfiERE Rt libocaus ertal baviag 4 imimiahen voloos oampared to the
.. el ectrodes. of the injector; supplying a continuous
mmaﬁ"ﬁi’?’(‘}?m@i“é‘t&ri cal l y-grounded water on the surface of
e .receptor, filtering the water after it travels

t

oVETHRE, {28 seingraterie producepnair flow @atainting oxides of carbon,

el.emen atL n'flteri al s produced in the reaction zone; and
sulfu, 5o ind ptherslemeatse ol | ected el enental materials. 36..

The met hod ,of claim35, wherein the point source

el ect r SERRYIRG e pls Sgwedran te incamesor to 3 YeacthnPBhREMEDT
betwgerodu i ng, ful | erenes, conprising:

1 zn 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 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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supplying an air flow containing oxidized carbon
conpounds to a reaction zone .forned between an

el ectrode node having a plurality of point 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
poi nt source el ectrodes of the injector; supplying a
continuous filmof electrically-grounded water on the

surfac f the, .,receptor, .filtering, the water after it
receptp oplivefed & grovnd, e fip oot andeceplop bejPiesICotcAll sulaged
f t&g carbon produced in the reaction zone; and
om @Ehothel i ng ful |l erenes fromthe col | ected carbon. 38.

The nethod of cl|aim 37, wherein the point source
efRAbERSAEnltags 1o thepaimt sowseelecirgdrs of thedmiectarhe et hod of

cl ai m 37 wherein_atom c hydrogen is produced by
uiDpEnge coptimpusiilmef clactricelly-gronnsded weisr ewthe serface 0fite t o

reduce the carbon conpounds in the reaction zone and
recepilioduce carbon. 40. The nethod of claim 35 in which

the oxi di zed carbon conpounds are produced by burning
afiligringdbawgenafieyis fravals qyar the surface ofthe 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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