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invention relates to a nethod and apparatus for purifying a gaseous m xture
I ncl udi ng nol ecul es and/or cells of toxic or polluting substances.
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down or neutralise the polluting substances,are known. In one known type,

al so used in catalytic converters for the ekhaust gases frominterna

combustion engl NS Widd WMp ABBKRLIYS Swdl PURTIVINGCR ERERGES Srfbrinif
reactor is brougﬁfl@% a hig ?gﬁpera.%?%ﬂ?o achi eve conplete .
oxi dation and/or {fpamphng R6GECGIES NY/OR eEtBbeor! 6xr¢ R paIRUUTANG]
substances. For this operation it is first necessary to reduce the velocity
of the gas flow SUBSTANCES

TECHNICAL FIELD
5 The present invention relates to a method and apparatus

for purifying a gaseous mixture including molecules

and/or cells of toxic or polluting substances.

BACKGROUND ART

Various types of apparatus for purifying gases to break
10 down or neutralise the polluting substances are known.
In one known type, also used in catalytic converters for
the exhaust gases from internal combustion engines a
thermal reactor is used in which the mass of the reactor
is brought to a high temperature to achieve complete
15 oxidation and/or thermal dissociation of the molecules of
the polluting substances. For this operation it is first
necessary to reduce the velocity of the gas flow
drastically by bassing it through a series of chambers or

into a highly obstructive catalytic path.

20
This apparatus is in general very expensive both becauée
of the energy required in operation and because of the
equipment required for regulating and controlling it.
Moreover it cannot be used when the gases to be purified
) 25 contain molecules of heavy metals, chlorinated

hydrocarbons, phosphorus, arsenic, boron, lead, zinc and

like toxic substances.



drastically by passing it through a series of chanbers or into a highly
*obstructive catalytic path. 20 This apparatus is in general very expensive
bot h because of the energy required in operation and because of the

equi pnment required for regulating and controlling it. Mreover it cannot be

used when the gases to be purified 25 contain nol ecul es of heavy
net al s, chl owD9%0138 hydr ocar bons, phosphorus, arsenic, bor ®CIAT&EI13w | NC
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known to stratify at atlve ow contents arri er gr eentiouse
thus formed whichis effectlve, large quantities of carbon dioxide are

released which is known to stratify at relatively low

contents. A barrier or greenhouse is thus formed which
5 means that heat accumulates causing harmful variations in

local climate, for example in large cities.

Apparatus is also known for purifying gas by means of

" chemical reactions in which the pollﬁtant is transferred

10 to liquid or solid reagents. When these reagents become
saturated or exhausted, however, they become corrosive
and/or caustic whereby it is not easy to dispose of them

ecologically.

15 Finally, purifying apparatus is known which is based on
the reaction of molecules in a gas with molecules on the
surface of a solid material, known as adsorption. 1In
this, the gas is retained by the surfaces of grains of
adsorbent material, for example activated carbon, in a

20 so-called adsorption reactor. These reactors, however,
have the disadvantage that the surfaces of the graiﬁs
rapidly become clogged so that they have to be
regenerated frequently. Hence, in general, this type of
apparatus may be used solely with gases having low

25 concentrations of substances to be removed. Moreover, in
a plant which operates in a continuous cycle, the
apparatus must be duplicated so that there is always one

unit working while the other is being regenerated.

DISCLOSURE OF INVENTION




5 . nmeans that heat accunul ates causing harnful variations in |ocal
.climate, for exanple in large cities. Apparatus is also known for purifying
gas by nmeans of chem cal reactions in which the pollutant is transferred 10
to liquid or solid reagents. Wen these reagents becone saturated or
exhaust ed, however, they becone corrosive and/or caustic whereby it is not
easy to di Spo¥O 01886 m ecol ogical ly. 15 Finally, purifyi REVAR6EPBPUSs is
known whi ch is based on the reaction of nol e_g':ul es in a gas with nol ecul es

on the surface of a solid material, known as adsorption. In this, the gas
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activated carbon, in a 20 so-cal l ed adsorption reactor. These reactors,

however, have the appeachtast afert hptiri feingr fgassour tonisctyiresns whaphd| is
becone cl ogged so that they have to be regenerated frequently. Hence, in
general, this typ@meapbxraxtmlmydbeelm&i%@neppemﬁpxgm eliviingtesw 25

concentrations of substanpces to_be renoved. Mreover,_ in
the problems of the prior art listed above.

This object is achieved by the purification method of the
invention which includes a step of passing a flow of the
gaseous mixture along a path and is characterised in that
an electron 'discharge is generated in the path, the
10 electrons travelling at velocities such as to create a
zone of ionisation of the mixture, and a series of
electron beams is direci:ed so as to intercept the flow
whereby the peripheral electron bonds of the molecules
and/or cells of the said substances are broken by

15 collision with the electrons.

The corresponding apparatué is arranged in a path along
which the mixture is conveyed and is characterised in
that it includes an ionisation cell for creating a

20 discharge of .electrons at velocities such as to create an
ionisation zone which intercepts the mixture, breakiﬁg
the peripheral electron bonds of the molecules and/or
cells of the said substances.

BRIEF DESCRIPTION OF DRAWINGS

25 For a better understanding of the invention, a preferred
embodiment will be described below purely by way of
example, with the aid of the appended drawings, in which:

Figure 1 is a schematic drawing of a complex
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a plant which operates in a continuous cycle, the apparatus nust be

- duplicated so that there is always one unit working while the other is
bei ng regenerated. DI SCLOSURE OF | NVENTI ON WO 97/ 01386
PCT/ 1 T96/ 00130 3 The object of the invention is to provide a nethod and
apparatus for purifying gaseous m xtures which is extrenely sinple and
reliable in o é’r%i@l%ﬁ and elininates the problens of the priBrTEPf0N3L; o
above. This object is achieved by the purifigcation nmethod of the invention
whi ch includes a step of passing a flow of the gaseous m xture along a path
and i s characteriselieculd o aapodlletingnsdbstiémeae i s generated in the
path, the 10 el ectrons travelling at velocities such as to create a zone
of ionisation of fhe rfigure, 2abd a schewatbe section of a gas duct of

apparatus for carrying out the purifying method of the
invention;
5 Figure 3 is a plan view of a detail of the apparatus
according to a variant of Figure 2, on an enlarged scale;
Figure 4 is a side view of the detail of Figure 3;
Figure 5 is an electronic circuit diagram for the
supply of the apparatus of Figure 2. |

10 BEST MODE FOR CARRYING OQUT THE INVENTION

Atmospheric pollution in general, and of closed
environments in particular, results from the mixture of
air with gaseous components, which are often noisome, and
suspensions of dust of various types, for example
15 pollens, which cause allergies, or bacteria or the like.
All these substances may also be toxic or noxious when

breathed in by living beings

More particularly, in industrial plants, for example
20 chemical plants, the usual chimneys convey a gaseous
mixture into the atmosphere which is generally teméd
simply 'gas' but which carries high concentrations of
molecules of one or more of the following substances
mixed or suspended therein: heavy metals, lead, zinc,
25 boron, cement, arsenic, phosphorus, chlorinated
hydrocarbohs derived from plastics materials, and other

substances.
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el ectron beans is directed so as to intercept the fl ow whereby the
-peripheral electron bonds of the nolecules and/or cells of the said
substances are broken by 15 collision with the electrons. The
correspondi ng apparatus is arranged in a path along which the m xture is
conveyed and is characterised in that it includes an ionisation cell for
creating a 20wWO9mM1d8shar ge of el ectrons at velocities such a®PCT@T%080e an
i oni sation zone which intercepts the m'xture5 br eaki ng the peri pheral
el ectron bonds of the nolecules and/or cells of the said substances. BRI EF
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a preferred enbodi nent will be described bel ow purely by way of exanple,
with the aid of themepeicedkryinesnys, partidilalr dEscharyel gases SGtOTRhiC
drawi ng of a conpl ex
- atmosphere which contain one or more of the following
substances: powdered carbon and sulphur, unburnt

5 hydrocarbons, carbon monoxide, oxides of nitrogen, carbon

dioxide and oxides of sulphur, sulphides, benzene, etc.

Moreover in closed animal breeding and plant cultivation
environments, the air is polluted'by molecules of noisome
10 substances and/or pollens. Finally eﬁclosed environments
for public use, for example convention and entertainment
halls, as well as in hospitals and nursing homes, the air
is vitiated or polluted by carbon dioxide and various
exhalations and bacteria or the like.
15
The molecules of-such organic and inorganic pollutants
are generally ' complex, that is, formed from several
simple molecules. By way of example, Figure 1 shows a
complex pollutant molecule 5 which is constituted by a
20 number of simple molecules 6 and 7 held together by bonds
formed by negative electrons 8 moving in orbits outsicie
the nucleus of the individual molecules. These
electrons, due to their high velocities, acquire
centrifugal forces away from the nuclei which are, in
25 general, balanced by the centripetal attractive forces of
the positive ions of the nuclei, whereby the

molecules are neutral.
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-nol ecul e of a polluting substance; Figure 2 is a schematic section of a gas
duct of apparatus for carrying out the purifying nethod of the invention; 5
Figure 3 is a plan view of a detail of the apparatus according to a vari ant
of Figure 2, on an enlarged scale; Figure 4 is a side view of the detail of
Figure 3; Fi gowW@9H0i38 an el ectronic circuit diagramfor the REHATHNI3G he
apparatus of Figure 2. 10 BEST MODE FOR RRYI NG OUT THE | NVENTI ON '
At mospheric pollution in general, and o cl osed environnents in

particul ar, resul tgididyiichle PoXiwkhtdf airk, Wid _&h&&&uswmp%@ﬁe%am?' ch
are often noi sone, and suspensions of dust of various types, for exanplfe 15
pol | ens, whi ch causmstlitateddsy celllbaotegrcups ofheell&kerhiidi, tikesertain
substances may al so be toxic or noxious when breathed in by |iving beings
conditions, tend to reproduce and to influence the cells

of other organisms.

It is known from physics that, if a suitable negative
electric voltage is applied to a cathode immersed in a
gas, the negative electrons concentrate on its surface.
When a predetermined voltage is exceeded, these electrons
10 are expelled and travel at high velocities towards the
anode. These electrons, in impinging upon particles of
gas or dust (molecules or cells), create other ions
whereby the whole gaseous mixture rapidly becomes
ionised. 1If the surface of the cathode has an edge, a
15 projection or a pointed element, the electrons accumulate
and are emittea continuously from the edge, projection or

pointed element.

With reference to Figure 2, an exhaust duct is generally
20 indicated 9 which is arranged to convey the gas towards
the exterior. Purification apparatus is arranged in tﬁe
duct 9 and includes a cell generally indicated 10 in
which an electron discharge is generated, the electrons
travelling at velocities such as to create a zone 11 of
25 ionisation of the gas. More particularly, the cell 10
includes a cylindrical anode 12 of conductive material,
for example aluminium, or preferably stainless steel to

avoid the problems of oxidation.



More particularly, in industrial plants, for exanple 20 chem cal pl ants,

.the usual

chi meys convey a gaseous m xture into the atnosphere which is

generally termed sinply 'gas' but which carries high concentrations of
nol ecul es of one or nore of the follow ng substances m xed or suspended
t herein: heavy netals, |lead, zinc, 25 bor on, cenent, arseni c,
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conductive material £fixed to a shank 14 which is
connected to a bar 15 of non-conductive material. The
bar 15 is in turn fixed to the upper edge of the anode
12. The disc 13 carries a series of metal filiform
elements 31, for example like those of a metal brush.
Alternatively the disc 13 may have a series of triangular

te eth.

In the variant shown in Figures 3 and 4, the disc 13 is
of sheet metal of a predetermined thickness and has a
peripheral edge 16 formed with a set of V-shaped notches
17 at predetermined mutﬁal spacings. The notches 17 are
separated by teeth 18 each of which is bent into a
helical shape about a radi.ai axis relative to the disc 13

whereby the oﬁter edge 16 of each tooth is disposed in a

helix.

The voltaée: supplied to the purification cell 10 is
generated by an electronic circuit, generally indicatéd
19, which includes a transformer 20 for reducing the
mains voltage and a current rectifier 21 which rectifies
the mains alternating current. The direct current output
by the rectifier 19 supplies an oscillator 22 which
pilots a séecial auto-transformer 23 for raising the
voltage. The primary of the tranéformer 23 has two

opposed windings 24 and 25 while the secondary has a



di oxi de and oxi des of sul phur, sul phides, benzene, etc. Mreover in closed
-ani mal breeding and plant cultivation environnments, the air is polluted by
nol ecul es of noi sone 10 subst ances and/or pollens. Finally enclosed
environments for public use, for exanple convention and entertai nnent
halls, as well as in hospitals and nursing hones, the air is vitiated or
pol l uted by cavbemomseoxi de and various exhal ati ons and bact e®CI/IEI/0HP
| i ke. 15 The nol ecul es of such organic and igorganic pollutants are
generally conplex, that is, formed from several sinple nolecules. By way of
exanpl e, Figure 1 ghoube a,&llge%eR0l | utant nolecule 5 which is constituted
by a 20 nunber of Sinple nol"ecules 6 and 7 held together by bonds forned
by negative electrons 8 noving in orbits outside the nucleus of the
i ndi vi dual nol ecul es. These el ectrons, due to their high velocities,
acqui re centrifugarhé ovodtageapbtaimed hacross ethehsehondary i aokt of the
general, bal anced by the centripetal attractive forces of
) transformer 23 is finally raised appropriately by a chain
5 of elements 27, known per se, each of which doubles the
input voltage. The required high voltage may thus be
obtained at two output terminals 28 and 29 of this
circuit 19. Obviously when the cell 10 is applied to an
exhaust duct of an internal combustion engine of a motor
10 vehicle, both the transformer 20 and the rectifier 21 are

omitted from the circuit 19.

The two terminals 28 and 29 are connected to the anode 12
(Figure 2) and the cathode 13 respectively of the cell

15 10. This may be excited at a voltage of between 30,000
and 70,000 volts, preferably of the order of 50,000
volts. This voltage generates an electron discharge in
which the electrons reach high velocities but less than
that of light whereby they are not converted into

20 photons. With a voltage in the range indicated above,
the electrons emitted travel in a straight line at .a
speed of between one fifth and one half the speed of
light. With the voltage of 50,000 wvolts, this velocity
is of the order of 100,000 km/sec.

25
When the cell 10 is excited at this voltage, the negative
electrons are emitted through the tips of the elements 31

or the outer edges 16 of the teeth 18, generating



t he positive I ons of the nuclei, whereby the nolecules are

neutral . WO 97/ 01386

PCT/ 1 T96/ 00130 6 Biological pollutants are, in their turn, generally
constituted by cells or groups of cells which, in certain conditions, tend
to reproduce and to influence the cells of other organisns. 5 1t is _known
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cathode immersed in a gas, the negative el ecgrons concentrate on its
surface. Wien a predeterm ned voltage is exceeded, these electrons 10

are expell ed and tdiaetirodl Bédis v8bohichs dxasdsstdie e, rddiese and

el ectrons, in inpinging upon particles of gas or dust (nolecules or cells),
create other ions divergent. In the variant of Figure 2, the beams 30 are
emitted by the elements 31 so as to create the ionisation
zone 11. In the variant of Figures 3 and 4, the beam 30
5 emitted by the edge 16 of a tooth 18 intersects the beams
‘30 emitted by the edjes 16 of the adjacent teeth 18

whereby a zone of ionisation 11 is created.

The zone 11 constitutes an electron barrier which acts as
10 a molecular filter through which the gases to be purified
are forced to pass. Moreover, the helical shape of the
edges 16 of the teeth 18 means that beams 30 are
generated which are directed in two directions slightly
inclined in opposite directions to the plane of the disc
is 13 (Figure 4) whereby the ionisation zone 11 assumes a

corresponding thickness'along the path of the gases.

The direct collision of the high-velocity electrons with
the complex molecules 5 is sﬁch as to break the
20 peripheral electron bonds of the molecules, splitting the
molecules into simpler molecules or elementary particlés
which are no longer polluting and which have picked up a
negative electrostatic charge. The collisions with the
electrons also transform any simple molecules of chemical
25 elements into non-polluting allotropes or groups of
allotropic atoms, that is, into elements which differ in

" their physical and chemical properties.



wher eby the whol e gaseous m xture rapidly becones ionised. If the surface

- of the cathode has an edge, a 15 projection or a pointed el enent, the

el ectrons accunul ate and are emtted continuously fromthe edge, projection
or pointed elenent. Wth reference to Figure 2, an exhaust duct is
general ly 20 i ndi cated 9 which is arranged to convey the gas towards the
exterior. Pur WO¥#438n apparatus is arranged .in the duct 9 agGTFHENWE@s a
cell generally indicated 10 in which an el egyron discharge is generated,
the electrons travelling at velocities such as to create a zone 11 of 25

i oni sation of theqg@s.nigkrRiRaityCaiaet¥onbhalss! atilcknehdd®3cdogical
cylindrical anode 12 of conductive material, for exanple alum niuny or

preferably stainl ¢ellst efbr texamplied poldepspbbacteria mndlatheolike, WRich
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generally have a positive electrostatic charge and are

neutralised, transforming these into neutral molecules.

5 Hence the cell 10 is also suitable for sterilising and

revitalising the air of closed public, industrial or

hospital environments.

It is known that negative ions also have a stimulating
10 action on the respiratory tract and the blood
circulation. They in fact reduce the hormone serotonin
present in the blood of mamﬁals which is the main cause
of physical depression. Moreover this hormone stimulates |
the production of red corpuscles and reduces the
15 cholesterocl level in the blood. The interception of the
molecules of environmental air with the barrier of
electrons thus generates a current of purified air formed
by negative ions and free oxygen ions at the outlet from
the duct 9. The current, thus purified, may then be
20 likened to mountain air in which the concentration of

negative ions may reach values of 10° per cubic metre.

The air, thus revitalised, and consequently enriched with
oxygen, may be used for the air supply to industrial
25 burners or internal combustion engines, thus increasing
the combustion or engine efficiency. Moreover this
revitalised air may be used in any other process in which

oxygen is required.



7 Wthin the anode 12 is a cathode 13 for emtting negative ions which is
constituted by a circular disc of conductive material fixed to a shank 14
which is connected to a bar 15 of non-conductive material. The 5 bar 15
is in turn fixed to the upper edge of the anode 12. The disc 13 carries a
series of netal filiformelenments 31, for exanple |like those of a neta
brush. Alter nwoemi3sst he di sc 13 nay have a series of triangBCHITSEM3R 10
In the variant shown in Figures 3 and 4, the.disc 13 is of sheet netal of a
predet erm ned thickness and has a peripheral edge 16 formed with a set of

V-shaped notches i 3y PhEECLRIY oMt "Hhe AlppeRathl Jdesdiibd® @it bel Gstle 15
separated by teeth 18 each of which is bent into a helical shape about a

radi al axis rel atitee dariheout s& puridicatiiynt methotdedineliydiig af seephihoot h
is disposed in a helix.
which a gaseous mixture is made to flow along a path, a
step in which an electron discharge is generated, the
5 electrons travelling at a velocity such as to create an
ionisation zone in the gaseous mixture in transit, and a
step in which a series of electron beams 30 is directed
so as to intercept the flow of the mixture whereby the
peripheral electron bonds 6f the molecules and/or cells

10 of the polluting substances are broken by collision with

the electrons in the free discharge step.

From the above, the advantages of the method and
apparatus of the invention over the prior arE will be
15 clear. Indeed the method allows gaseous mixtures with a
wide range of pollutants to be purified. Since the
purification process is purely physical, stoppages due to
accumilation of waste which would require periodic
intervention or other disposal treatment are not caused.
20 Moreover the apparatus may be designed for a wide range
of applications, whether industrial, for means 6f
transport and for closed locations such as hospitals and

public buildings.

25 It is understood that the method and the apparatus
described may be modified and improved in various ways
without departing from the scope of the claims. For

example the'anode of the cell may be of prismatic shape.



20 The vol tage supplied to the purification cel

el ectronic circuit, generally indicated 19, which includes a transforner

for reducing the nmains voltage and a current rectifier 21 which rectifies

the mains alternating current. The direct current output 25 by the
rectifier 19 supplies an oscillator 22 which pilots a special _
aut o-t ransf or moy97R@386or rai sing the voltage.  The primary ofCTAES/0130

transformer 23 has two opposed wi ndings 24 gmnd 25
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transfornmer 23 is finally raised appropriately by a chain 5

27, known per se, saniratk sbémént df ebfiferentpgeometrigeshapms raxpanged
hi gh vol tage nmay thus be obtained at two output term nals 28 and 29 of this

10

i5

20

so as to emit beams of electrons which cross in the zone

of interception.

For example, the anode 12 may be a ring shape and/or may
be offset with respect to the cathode 13 so that the
electron beam forms a sort of umbrella from the cathode
13 to the anode 12. Moreover the cathode 13 may be
formed from two or more discs 13 parallel to each other,
possibly with different diameters and with different
numbers of teeth or other point-like elements so as to
increase the thickness and effectiveneas of the

jonisation zone 11 for the interception of the molecules.

The cathode may aiso be formed by a brush of metal wires
connected to a cylindrical or helical support or support
of other shape. Finally,.the anode may be formed f£rom a
plate of rectangular or other shape and the cathode may

be formed from a brush having a shape corresponding to

that of the anode with the metal elements directed '

substantially towards the anode.

10 is generated by an

20

whil e the secondary has a

of el enents



applied t.o—aR—exhaust duct of an
TE!S/SHEET HAStﬁﬁEIN he transfor mer

e CRERLACE The two termnals
€ cathode 13

CI rcurt 19. Oobviously when the cell 10 i

20| mﬂfﬂmﬂmﬁmm engine of a mtor 10 |

28 andc 29- ar"e Sonfiected to the anode 12

respectively of the cell 15 10. This may bel exmted at a voltage of
bet ween 30, 00WORH1I3%® 000 volts, preferably of the order of BSO/KTOH0013 t s,
Thi s voltage generates an el ectron dischar in which the el ectrons reach

hi gh velocities but less than that of |ight whereby they are not converted
into 20 photons. Wth a voltage in thenxasge i ndicated above, the
electrons emtted travel in a straight line at a speed of between one fifth
and one half the speed of light. Wth the voltage of 50,000 volts, this
velocity is of the order of 100,000 knm sec. 25 When the cell 10 is excited

at this voltage, lhe rfedegihed dia pusi€ying anasegus hnbymre Hnelyding t he

el.ements 31 molecules and/or cells of toxic or polluting substances,

‘ 5 including a step of passing a flow of the gaseous mixture
along a path, characterised in that an electron discharge
is generated in the path, the electrons travelling at
velocities such as to create a zone (11) of ionisation of
the mixture, and in that a series of electro_n beams (30)

10 is directed so as toc intercept the flow whereby the
peripheral electron bonds of the molecules and/or cells

of the said substances are broken by collision with the

electrons.

is 2. A method according to Claim 1, characterised in that
the electrons produce non-polluting allotropic elements

by the collisions with the molecules.

3. A method according to Claim 1 or Claim 2,
20 characterised in that the electron discharge is obtained
with a voltage of between 30,000 and 70,000 volts, tﬁe
electrons in the discharge being emitted at a velocity of

between one fifth and one half the speed of light.

25 4. A method according to one of the preceding claims,
characterised in that at 1least some of the molecules
transformed in this way are separated from the mixture,

forming non-polluting waste or residue.
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divergent. In the vari ar f he beans 30 are em tted by the s

el ements 31 so as to create the ionisation zone 11. In the variant of
Figures 3 and 4, the beam 30 5 emtted by the edge 16 of a tooth 18

i ntersects thaVOMWIB630 eni t t ed by the edges 16 of the adj ac®&EATWHH0013
whereby a zone of ionisation 11 is. created. Jhe zone 11 constitutes an

el ectron barrier which acts as 10 a nol ecular filter through which the
gases to be purifised ape meilill hecHrding Mobe@st , ohde diel tial praapaing t he
edges 16 of the teeth 18 neans that beans 30 are generated which are
directed in two dicledmeonsisl i ghtick | thei ngdseausppuoikturei r gomesns£fromt he
pl ane of the disc
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industrial productive processes, characterised in that
the said substances include molecules of one or more of
5 the following substances: heavy metals, lead, zinec,

boron, chlorinated hydrocarbons, arsenic, phosphorus.

6. A method according to any one of Claims 1 to 4, in
which the gaseous mixture comprises exhaust gases from
10 combustion plants or internal combustion engines,
characterised in that the said substances include
‘molecules of one or more of the following substances:
hydrocarbons, carbon, sulphur, carbon monoxides, nitric
oxide, carbon dioxide or oxides of Sulphur, benzene.
15
7. A method according to any one of Claims 1 to 4, in
which the gaseous mixture comes from a closed animal
breeding or plant cultivation environment, characterised
in that the said subétances include noisome substances

20 and/or pollens.

8. A method according to any one of Claims 1 to 4, in
which the gaseocus mixture is constituted by vitiated air
from closed public, indust;ial or hospital environments,
25 characterised in that the said substances include dust,
carbon dioxide, bacteria or the like, the ions being
negative and adapted to revitalise and sterilise the

vitiated air.
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15 13 (Figure 4) whereby the ionisation zone 11 assunes a correspondi ng
t hi ckness al ong the path of t hﬁch H lcl!l" "lﬂlJHIILof t he
hi gh-vel ocity el ectro _Egneﬁébﬁgﬂg' |'% 188l as to break
t he 20 peri pher al pPRCELS of the nol ecul'es, splitting the
nmol ecul es into sinpler}nol €l ementary particles which are no
| onger pol | ut W@97%M3B6wNni ch have picked up a negative el ect r oRCEAT08130r ge.
The collisions with the el ectrons al so tranikorn1any si npl e nol ecul es of
chem cal 25 el ements into non-polluting™allotropes or groups of
al lotropic atons, dhat a SmedHdd £Fing WY Cngli 646" oth dilis PhYELCal, and
chem cal properties. WO 97/ 01386
PCT/ 1 T96/ 00130 10 éHazrabtehised dai that! Petisnmed Sor adnmixhidie thieobaggeal

cells, for exanple pollens, bacteria and the |ike, which
- in the air supply to burners of industrial plants,

internal combustion engines or in any other process in

5 which oxygen is required.

10. Purification apparatus for purification by the
method of any one of the preceding claims, located in a
path along which the mixture is conveyed, characterised.
10 in that it includes an ionisation cell (10) for creating
a discharge of electrons at velocities such as to create
an ionisation zone (11) which intercepts the flow of the
mixture, breaking the peripheral electron bonds of the-
.molecules and/or cells of the said substances and freeing _

15 non-polluting negative ions.

11. Apparatus according to Claim 10, characterised in
that the cell (10) includes an anode (12) and an emitting
cathode (13) having a series of elements (18, 31) for
20 ejecting a corresponding series of beams (30) of the
electrons, the beams (30) assuming shapes correspondiﬁg
to the shapes of the anode and the cathode and their
mutual positions and being directed so as to form an
interception barrier which acts as a filter for the flow.
25
12. Apparatus according to Claim 11, characterised in
that the anode is cylindrical or annular and the emitting

cathode comprises at least one disc (13) having a series

- This Sheet Has Been Replaced
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generally have a positive g Bge and are neutralised,

tr 1 AR nt o neufy SHEEEﬁkﬁéif ¢ Hence the cell 10 is also
suﬂmﬂm‘“m"smmm sing ahd ‘FSIe\HEPaM}Eﬁ ng the air of closed pubI i C,

i ndust réi al* of hdspltal envisse . nown that negative ions also
have a stimulating 10 action on the respiratory tract and the

bl ood ci rcul atwostei¥sey in fact reduce the hornone serot oni n ROTATE40130n t he
bl ood of mammals which is the main cause of ysi cal depression. Moreover
this hornone stinulates the production of red corpuscles and reduces the 15
chol esterol level 68 EhtibBbpRdelené@tts N(BLYERhi @ Kudh eartiRfanedt ,Ofthe
environnental air with the barrier of electrons thus generates a current of
purified air forneeleégtroyatbeams or{30hndeniteedxbyen thensehémeties o e g
fromthe duct 9. The current, thus purified, may then be 20 | i kened to
mountain air in mhﬁ%bﬂﬁﬂﬂ#lﬁii&éﬁﬁﬂé@gon of negative ions may reach val ues
of 10[err] per cubic nmetre. The air, thus revitalised, and consequently
entiched with

5 13. Apparatus according to Claim 11, characterised in

that the anode is cylindrical and the cathode includes at
least one disc (13) having a series of teeth (18) with
edges (16), the electron beam (30) emitted by the edge
(16) of each tooth (18) diverging so as partly to
10 intersect the beams (30) emitted by the edges (16) of the

adjacent teeth (18).

14. Apparatus according to Claim 13, characterised in
that the teeth (17) have a helical shape whereby the
15 beams (30) emerging from the edges (16) of the teeth (18)
are inclined in opposite directions to the disc (13),
forming an icnisation zone (11} of considerable thickness

along the path of the mixture.

20 15. Apparatus according to any one of Claims 10 to 14,
characterised in that the emitte; is excited by';;n

" electronic circuit (19) adapted to output a pulsed
rectified voltage of between 30,000 and 70,000 volts, the
electrons in the discharge being emitted at a velocity of

25 between one tenth and one half the speed of light.

16. Apparatus according to Claim 15, characterised in

that the electronic circuit (19) includes an oscillator
-

heet Has Been Replaced
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oxygen, may be used for the air supply to industrial burners or

erficiency.  Norover this réCFfailTﬂﬂlﬁﬂllilﬂlﬂﬂMlillﬂﬁéitlﬁfﬁ‘yss“ D

process in which oxygen is required.” © WO 9%/ 0138%
PCT/1T96/ 00130 11 It is thus clear that the apparatus descri bed can be used
to carry out WOPUeI3E cati on net hod i ncluding a step i n whi clPCI/ATB030s

m xture is nade to flow along a path, a steg in which an el ectron di scharge
I's generated, the 5 el ectrons travelling At a velocity such as to create

gener at . Lo grea
Serics of e ectron2BaamurByta UirE LG, it sho 338aRaRR"E Riipt) ®
m xture whereby tQerpghifdiaicd @'3‘?0?569nr§99§ﬁ90£hé R TEIRE e puNByOEREe! | S

oscillator (22).

5 17. Apparatus according to Claim 16, characterised in
that the electronic circuit (19) further includes at
least one element (27) for doubling the voltage to raise

the voltage ocutput by the transformer (23).
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10 of the polluting substances are broken by collision with the
electrons in the free discharge step. Fromthe above, the advantages of the
met hod and apparatus of the invention over the prior art will be 15

clear. Indeed the nethod allows gaseous m xturesiwith a w de range of
pollutants to be purified. Since the purification process is purely
physi cal , stommemsséue to accunul ati on of waste which woul dPF'SE'lHW”
periodic intervention or other disposal treatnent are not caused. 20

Mor eover the apparatus may be designed f1>r 8WI de range of applications,
whet her industrial, for neans of transport and for closed | ocations such as
hospital s and public buildings. 25 It is understood that the meBhod and
t he apparatus descri bed may be gdif ys

wi t hout departing fromthe scope’s anode of

the cell may be (Figi'1rratic shape.
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WD 97/ 01386 PCT/ 1 T96/ 00130 12

Mor eover the notched disc may be replaced by a series of separate el enents
of different geonetric shapes arranged so as to emt beans of el ectrons
which cross in the zone of interception. 5 For exanple, the anode 12 may be
a ring shape and/or nmay be off set with respect to the cathode 13 so that
the el ectron BRI a sort of unmbrella fromthe cathode PETAIGIOBPaNOdE
12. Moreover the cathode 13 may be 10 formed fromtwo or nore discs 13
parallel to each other, possibly with di2fﬁr3nt dianeters and with

di fferent nunbers of teeth or other point-like elenents so as to increase
the thickness and effectiveness of the ipni sation zone 11 for the

i nterception of the nolecules. 15 The cat hdde, may al so be fornmed by a brush
of metal wires \

L]

Vo ' Fig.4




connected to a cylindrical or helical support or support of other shape.
Finally, the anode may be forned froma plate of rectangular or other shape
and the cathode nay 20 be formed froma brush having a shape
corresponding to that of the anode with the nmetal elenments directed
substantiallyp%9¥ﬁ{¥% t he anode. CLAI M5 1. A method for purifying a
gaseous m xtu % di ng nol e- cules and/or cells of toxic BCTEN600L30Ng
substances, including 5 a step of pasgi a flow of gaseous m xture al ong
a path, and a step of generating an el t?gi di scharge in said path to
create a zone (11) of ionisation of the m xture, wherein the electrons form
a series of electron beans (30) directed so as to intercept the flow of the
m xture, characterised in that 10 the el ectrons of said beans (30) are
caused to travel at velg- cities such as to break the peripheral electron
bonds of the 0 o1

<
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col | i ded—Totecureés and/or cells of the said_éubstances, t hus transform ng

t hem i Ratey ' | otropi ¢ el ementddand separating: at.1east sone of
t he m)ermﬂEm I‘ﬂgﬂm rmed from 15 said mi'xture to form non-pol luting
waste ors uem 2s *A nethod according to Cdaim1l, characterised in
that the electron discharge is obtained wth a voltage between 30,000 and
70.000 volts, the electrons in the @ﬂgﬁﬁg%ge being emtted 20 at a

vel ocity of between one fifth and one half the speed of |ight. AMENDED
SHEET 14 3. A nethod according to claiml1l or 2, in which the gaseous
m xture cones fromindustrial productive processes, characterised in that

the sai djsubshapeehdd @ctdepul Egihgsaohaseous miturd fncludimgfmblew ng
substances: heavy netals, lead, zinc,

cules and/or cells of toxic or polluting substances, including
5 a step of passing a flow of gaseous mixture along a path, and
a step of generating an electron discharge in said path to

create a zone (1l1l) of ionisation of the mixture, wherein the -
electrons form a series of electron beams (30) directed so as
to intercept the flow of the mixture, characterised in that
10 the electrons of said beams (30) are caused to travel at velo-
cities such as to break the peripheral electron bonds of the
collided moleculeé and/or cells of the said substances, thus
| transforming them in non-polluting allotropic elements and

separating at least some of the molecules so transformed from

15 said mixture to form non-polluting waste or residue.

2. A method according to Claim 1, characterised in that the
electron discharge is obtained with a voltage between 30,000
and 70.000 volts, the electrons in the discharge being emitted

20 at a velocity of between one fifth and one half the speed of

light.
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“'boron, chl or| nate rocar bons, ar senic, phosphorus A nmet hod_according to

Claim1l or 2, c]“t m xt ure corrpr.l ses :exhaust gases from10
conbustion pl ant S\mmn“mmﬁ“u(ﬂ onbust ton erigi nes,”, characterised in .
" that the said substancoes 4 ne¢l u8le tol ecul eggof one or more of the follow ng
subst ances: %drocar bons, carbon, sul phur, carbon nonoxides, nitric oxide,

car bon di oxi or @“ﬂéﬁh@:ﬁ Sﬂééaﬁmnge%nﬁnﬁ&e—eﬂﬂ@ﬂ?ﬂé‘é&ﬂﬁgg to
in V\/qleejz e gaseous m Xture cones froma cl osed ani nal

Caim1l or
breedi ng or péaas. ti @RieRVi HEWENGasebabac nfitaerk | Ncbhels t hersmi d
subst ances i ncl udefnoi sone substances 20 and/ or pollens. 6. A et hod

according to fhaustiial produsbivce Prodasams Ehaacterdgedsint uig by
vitiated air fromclosed public, industrial or hospital environnents, 25

characteri sedcha BB4d lSibarintesbiholods noleidd kit enebep wiovd IS
~bacteria or the like, the ions being-
5 the following substances: heavy metals, lead, zinc,
boron, chlorinated hydrocarbons, arsenic, phosphorus.
P | o2
'¢. A method according to amy—eme—ef—Claimd 1 £S5 £, in
which the gaseous mixture comprises exhaust gases from
10 combustion plants or internal combustion engines,
characterised in that the said substances include
molecules of one or more of the following substances:

hydrocarbons, carbon, sulphur, carbon monoxides, nitric

oxide, carbon dioxide or oxides of sulphur, benzene.

15 ) '
5 o2
7. A method according to amy-eme—ef Claimg 1 £o—4, in
which the gaseous mixture comes from a closed animal
breeding or plant cultivation environment, characterised
in that the said substances include noisome substances
20 and/or pollens.
b A
/B/. A method accord:.ng to any-ene—-of Claimg 1 to—4, in
which the gaseous mixture is constituted by vitiated air
.from closed public, inciustrial or hospital environments,
25 characterised in that the said substances include dust,
carbon dioxide, bactetia or _the like, the ions being

negative and adapted to revitalise and sterilise the

vitiated air. REPLAGEMENT SHEET

25 JUN 1997
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negati ve and adapted to revitali se and sterij e the viti ated ai 7.

A nethod according to Claim1 or 2, “cHdriact imli wu "l :u(ull is- used for
enriching the oxygen in the air supply to trial: plants,

I nternal conbustion engines or in any other process i'n whi ch oxygen S
required. 5 8. Apparatus for purification of a gaseous m xture including
mol ecul s angl/ aethed acebrdita to qidimtl ngr s2ips¢harasterbsedpinsthat
conveyi ng neans (9) for conveying the mxture along a predeterni ned path,
an ioni $&t isnuseld fichk))ermickeing nthei dxygepatim wihehiais Supplnveyi byrmeans
(9), said cell (10) including a substantially cylindrical anode (12) and a
centralnenstnﬁu}nﬂustxmabopﬁantSSzmnﬂaxnalonemhusthm3pngg@e@ @oddnand

‘ca- thode being energized by an electric power source for causing a
di schar gayoptbescprogesso igy slichy PRGN ks oregoireeddl)

5
8. Apparatus for purification of a gaseous mixture including
molecules and/or cells of toxic or polluting substances, com- -
prising conveying means (9) for conveying the mixture along a
predetermined path, an ionisation cell (10) housed in said

10 path within said conveying means (9), said cell (10) including
a substantially cylindrical anode (12) and a central emitting
‘cathode comprises at least one disc (13), said anode and ca-
thode being energized by an electric power source for causing
a discharge of electrons to create an ionisation zone (11),

15 wherein the electrons form a series of electron beams (30)
directed so as to intercept the flow of the mixture, charac-
terised in that the emitting disc (13) is provided with a

series of punctiform elements (18, 31) for ejecting correspon-

dingly said series of beams (30) as to assume shapes correspon
20 ding to the shapes of said anode (12) and cathode and their
mutual positions, to form an ihterception barrier which acts
as a filter for said flow, said source being adapted.to cause
the electrons of said beams (30) to travel at velocities such
as to break the peripheral electron bonds of the collided
25 molecules and/or cells of the said substances, thus transfor-
ming them in non-polluting allotropic elements and separating

at least some of the molecules so transformed from said mix-

ture to form non-polluting waste or residue. RH%A&%MENT SHEET

AMENDED SHEET | | 25 JUN 1997




15 whérein the electrons forma series o ;eléctron beans (30) directed so

as to intercept the flow of the m xture,+*¢harac- ﬂl he
emtting disc (13) is provided with a series of Am ﬁmrlmumlﬂm s (18,
31). for ejecting correspon- dingly said series of bedns*(30) &s Yo assune

shapes correspon- 20 ding to the shapes of said anode (12) and cat hode and
their nuual pePatains aacdmiingnto NChaimpsj oshhpacterivbiaCchnaehatasha
filter for said flow, said source being adapted to cause the el ectrons of
sai d beafdemets @f saidl ditsc/ellR) taxs metal afilbfbrmakléhenpsr i(Bhor an

el ectron bonds_of the collided 25 nol ecul es and/or cells of the said

subst anc 8sPriughs arrangementyi ng t hemin non-pol I uting allotropic el enents
and separating at | east some of the nolecules so transfornmed fromsaid m x-
ture to formnon-polluting waste or residue. 9. Appar atus according to
A aim8, characterised in that the elenents of said disc (13) are netal
filiformelenments (31) in
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,characterlsed
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genent. 10. Apparatus accordi ng |t

c (13) aHtiIﬂlH\ﬂll\iﬁ 1) ARt

D

10 |ntersect the beans (3 senttted by} t he edges (16) of

tet
e

thicknass m xt ure.

any one or-
an
3. Apparatus according tb Claim 2{, characterised in
that the andde_is cylindrical and the cathode includes at
least one disc (13) having a series of teeth (18) with
edges (16), the electron beam (30) emitted by the edge
(16)- of each tooth (18) diverging so as partly to
intersect the beams (30) emitted by the edges (16) of the
adjacent teeth (18f.

1 40

4. BApparatus according to Claim 13, characterised in
that the teeth (17) have a helical shape whereby the
beams (30) emerging from the edges (16) of the teeth (18)
are inclined in opposite directions to the dise (13),

forming an jonisation zone (11) of considerable thickness

along the path of the mixture.

12 . g L

20

25

}51 Apparatus according to any one of Claims 10 to i,
characterised in that the emitter is excited by An
electronic circuit f(ls) adapted to output a pulsed
rectified voltage of between 30,000 and 70,000 volts, the
electrons in the discharge being emitted at a velocity of

between one tenth and one half the speed of light.

167 Apparatus according to Claim }éﬂ characterised in

that the electronic circuit (19) includes an oscillator
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Elettfonic.circuit (19) adapted to out put
bet ween 30, 000 and 70,000 volts, the el ect

emtted at a velocity of 25 bet ween one tenth and *on& hh
light. 13. Apparatus according to Caim12

electronic circuit (19) includes an oscill

direct current arranoged to pilot..a tr.ansforme
vol t age out put 8% ’hé‘&ﬁﬁ?étﬁg‘k—%"zﬁ rect cypr

O 3 e gt esatoel Yot S EALERE BT U d

vol t age out put B&ckﬁﬂa@'o@nsfﬂ)“?r- (23).

Bt 1T

1%t e speed of _
characterised in that the
atdr 17 (22) supplied with

5L AR andansind 4 phgot

rther

U

put by, fhe

; ¢
5 7. Apparatus according to Claim 16, characterised in

that the electronic circuit (19) further includes at

least one element (27) for doubling the voltage to raise

the voltage output by the

transformer (23).
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(57) Abstract

The method includes a step of creating a flow
of the mixture, a step of generating an electron
discharge at a velocity such as to create a zone in
which the mixture is ionised and a step of directing
a series of electron beams so as to intercept the flow
of the mixture whereby the peripheral electron bonds
of the polluting molecules and/or cells are broken by
collision with the fons formed in the mixture, The
apparatus includes an ionisation cell (10) having an
anode (12) and an emitting cathode (13) excited at
a negative voltage of the order of 50,000 volts. The
cathode (13) has a series of pointed elements for
emitting electron beams (30) which intersect in a 12
zone (11) of interception of the mixwre.
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