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Al fredo Zsbesmioogasreton FI ELD OF THE | NVENTI ON [1] Thecirnegani/h@asy el at es
to a method of generating plasnma in a mxture of liquid and gas, and an
apparatus therefor. Mirre specifically the invention provides a nethod and
apparatus for generating plasma and applying plasma particles to liquid
dropl ets suspended in a gaseous environment in order to pronote a variety
of the chem cal and physical interadITdiE:. BACKGROUND OF THE | NVENTION [ 2]

Pl asma METHOD AN Df A!PPARV-\TNBGFQ RAPPLYEING iPLASMAPARTIGEES PO Ag i N
an ionic form undgncygh AN WSEPOR DASINPECYINGWATER) D

artificially initiated under by discharging a | arge anount of electric

energy confined in a smal| ace. gq-F] eral .indystrial applications that
require localized appl |mc3[ Vieéﬁof)f /Nif'[ %24 'u@f"r eig Npbl asma.  For exanpl e,
arc di scharge in aqueous el ectrol ytes, such as for wel ding under seawater,
is widely used in engineering and construction.

FIELD OF THE INVENTION

[001] The invention relates to a method of generating plasma in a
mixture of liquid and gas, and an apparatus therefor. More specifically the
invention provides a method and apparatus for generating plasma and
applying plasma particles to liquid droplets suspended in a gaseous
environment in order to promote a variety of the chemical and physical

interactions.

BACKGROUND OF THE INVENTION

[002] Plasma is a state of matter, where matter particles can be free
flowing in an ionic form under high-energy conditions. Plasma state can be
artificially initiated under by discharging a large amount of electric energy

confined in a small space.

[003] Several industrial applications that require localized application
of high energy utilize plasma. For example, arc discharge in aqueous
electrolytes, such as for welding under seawater, is widely used in

engineering and construction.

[004] Given the substantial amount of energy that can be utilized
with plasma, and the level of spatial control of the such application, the

number of industrial applications of using plasma that can be contemplated



[4] Gven the substantial anmpbunt of energy that can be utilized with

pl asma, and the | evel of spatial control of the such application, the
nunber ofwondugsdial applications of using plasnma that eamb®icenuspl ated
WO 2011/ 098918PCT/ 1B2011/ 000433 i s substantial. However, at present the
only known formof stationary plasnma discharge in liquid nedia are the arc
discharge in liquid water. [5] In recent years, electric arc discharge in
wat er has been used in several physico-chem cal studies and in the

synt hes$ subttantialbudowever) at preJast spearfly kriesnfoenodf statidnachar ge in
liquid nedia ii;s the locglization. of a plasma region near the el ectrode ends
and a 'Alasmangis @Fﬂ?dﬂﬁ{%' -’&%’é@@r@rﬁ\%éf%ﬂi%c%aége '[‘g‘]qlﬂﬁ’ewért%r art

of fers several exanples of attenpts to generate plasma within a liquid. In
the US there are a nunber of patents and published patent applications that
descri 100%dt hods lanEcepsarearss edegtsic aredisahargeiionvatephasrean ssreriges
within a |igui hase, where ga phase-lj ke bubbles are .present, .and for
the  uosyprahpBySRBSFarBUc St llen iRl Mo the oy aNBRr o Ko BLSIEETeAR as t ne
deconpasid LABCif fERRBRY i e ET&&# W9 Iigfu ARheGiR|S thalbliZRorPer ¢ed 10
detoxi fication, for exanple. f? I patent US 7,067,204 to Nonura et al.
(2006) plasuwamezgied peas biee gieetrateren ds timada Ofaljiege rfatnmof podiseenpaerd i qui d
and nmet hod of deconposing toxic substance with plasma in liquid" is

pr oposENArackRNiSHfd and apparatus for generating plasma in a liquid is
descri bed. The apparatus includes an ultrasonic wave generator for

generating bubbles in the liquid, and an el ectromagneti c wave generator for
conti nkO0&l]y i rr ddieapriog at edfersnsgyenal examples of attamepts saigerferatewi t hi n
the liquid in order_ ft.0 rate ma. The net hod of nerating plasma in
2"V quitiesra o iGufE R Bhe 485 2hdte bt uirater RF REer S o by

irradi aj i j jOHind, ' in the
bubbl e P P o tha e e B o e

| i qui dthe ihittathobfgsiasiiia gisahargieisonitbimer ligeirl phaseysvharehgds, phase-
generating the bubbles inside the |liquid nedium_ such as a heating devi ce,

a deconikecbdbblesders peesenarand fersbaiuse vbthisidisgbaoasborstivrolet/anof 33

L2y, SR peloes sl LU URTRASIEN B RRAMAELEEANSS . .

the medjrypardAsisehohien Bbeﬁb’d Wb?taﬂif?c%%rﬂffoﬁ—@%ﬁwar ge is quite
a ver ma fiel

small, resulting in S e of applications for the device.

[007] In patent US 7,067,204 to Nomura et al. (2006), “Submerged
plasma generator, method of generating plasma in liquid and method of
decomposing toxic substance with plasma in liquid” is proposed. A method
and apparatus for generating plasma in a liquid is described. The apparatus
includes an ultrasonic wave generator for generating bubbles in the liquid,
and an electromagnetic wave generator for continuously irradiating
electromagnetic waves into the liquid from within the liquid in order to
generate plasma. The method of generating plasma in a liquid includes the
steps of generating bubbles in the liquid by irradiating ultrasonic waves in
the liquid, and generating plasma in the bubbles by continuously irradiating
electromagnetic waves from within the liquid to the bubbles. This invention
comprises various methods for generating the bubbles inside the liquid

medium, such as a heating device, a decompression device or an ultrasonic



[8] In patent US 5,270,515 to Long and Raynond (1993), "M crowave pl asna
detoxification reactor and process for hazardous wastes"is proposed. A

| ar ge volwomonosasave plasma process for "in-situ" det exirfiBral/o@asof

di oxi ns, furans and other toxicants is disclosed. A helical coil and a
cylinder of low loss dielectric tubing are coaxially positioned inside a

m crowave resonant cavity to extend froma cross-polarized fluid inlet to a
cross-pol ari zed vapor outlet. Fluid passing through the coil cylinder is

di r ect Iwave genetatar.t Hee gasshauit eatio @chieeed sy the hattgy dascribdced i nto
the cayity. The geopetr f the coi] relatjve to the cylinder induces a
mgnet RuBlleIgEndratng Radiad Fonmalb Hagicels piadmd SERalls BY t he
cylind f i n in : | i i onetry
ol so piBsi Hechat, BiGHeRDte the BBtV Bufhinid 2ok ST HEE diHerge T GuE ang
sol i d wasak, rddifitingoiees sverytsrapliafi eldust applipatibhsfbarthy devicabl e for nobile
applications, for on-site treatnment of hazardous wastes. In the latter
apparatus, a liquid mediumis treated by the m crowave irradiation for

i oni zatrphp1 Howevgr hatd er i %nﬁ ui pnent and
hi gh erl;te)r@g m crga/al?/ae%r%gi%%7%@g§8$cgﬁﬁgeé§%p I'e b@ﬁ%ﬁ%@a restricted

range OMitrawade .plasniahdetakifieationverdaton and pooeesssfar bapseibio 1 oni ze the
fluid passing through the coil cylinder for producing plasm,_ whic
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The netddadahg LEAIRGELHF 16W Ibkésid"iEFéQ:‘ti’iEGtu@)iﬁ%ﬁr@r&)a}fiaw@%&siﬂaﬁeﬂ’at er into
a plasma torch WD 2011/ 098918PCT/ 1B2011/ 000433 havi ng an operation

t enper anside aveicrs0@YeOrasoriantncavity touextertd fnood e tragss polamzed fluid
particul ate. The gases and particul ate e separated in ycl one

Separ atBlet tr 3&EaserRYerignd Gunar avbletahlvid nAssng Fhradalthecall at e any
carryovyex: : paptd-c f @ﬁ}é{ e

parti c\tﬁ:&gp gggﬁ% C["Eée%q»;egﬁi' '%ég Hs?ctfHu%E)&srﬁmB&t%gé C@éﬁﬁ??@@%?ét. on %d water in

order fgtreldutedaintoahe cavity oYhE etk af ehkr €l Felatdeses therylineler
neutralize hydrochloric acid (HCl) present in the gases. Finall K t he gases
€

are r enpgdeaes somadietic fighbén therplahena gompresspag dbeplapmas b the only used

as a high.te ature source, used for deconpositi of subst ances.

[0010] IR Ba R CYASTaTe ADEESDY BB 8N S BERBoNA NG T d5GACY e & G5t et

7, 384, . Tl reaPhhat j lgsma”,
&3d g%&?ﬂl B0 BPOGIRSS é‘%lé\MéF??@;Ehﬁélggr&W%fté fof éhé tragdtiem! o

both to Bar= a a nethod i1's proposed gen production from water

or st ediquuidy arehpeslidfwastas Mhealipsobasganexappearcahtus atee pbtticalirghsuidbte
frequency or |low radio frequency, as well as with arc discharge. Bar-Gdda
descri hes akile grulicesions: Taas-Siel Eeatmentmihararday anastes gt ithet he

t educt 1B ER SRR LTS, it ety i Fegred JE e sHR PR s BRR LT
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wat er and fuel” to Wang descri bes a plasm apparatus for converting a
gaseousnd kigh enefgywanerrovapor irmadidtjah ecar banda applibddrmyefor ahe reacti on

chamber consists of an outer wal| that acts as an emtter el ectrode and an
i nner WBPIrgLesk rapge 024'0&'861 [re&hgrlabies dNVEAEIONTHUCFRWRMES BE YRk tOvapor
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non- equi I'i Ori um nvi ronmen Pon pyrolysis

pr oceswhighusstsirpesriapge atrhbgnegl‘oifrewmr?gt_ . WD 2011/ 098918PCT/ 1B2011/ 000433
[0012] I n Japanese Application JP2006273707 by Shi bata etal .,

[009] In patent US 4,886,001 to Chang et al. "Method and apparatus
for plasma pyrolyisis of liquid waste”, a method and apparatus for
pyrolytically decomposing waste material is disclosed. The method is

characterized by injecting a mixture of waste and water into a plasma torch



relates to the publication "Synthesis of anorphous carbon nanoparticles and
car bon-encapsul ated netal nanoparticles in |iquid benzene by an electric

pl asma diwoharigmsde ul trasonic cavitation field", U tragomiBSonmasser ni stry
13 (2006) 6-12, Institute of Multidisciplinary Research for Advanced
Material (1 MRAM, Tohoku University. This application illustrates a nethod
and a device for producing a nanocarbon material, which does not require an
expensi ve production facility such as the ones normally required for dry

t r eat minavingtarc apeeakiohytampedrateirehay erab608r HC onferer aamiveoause t he

application of hi %h vol t %e i S.nqt ne_(Fded, nei t her wor seni ng nor

deteri _cWijPﬁE;gaﬁ@ @?&S@B e%'itf%ﬁﬁ%_t e %W’Gétﬁ%ﬁ'%‘?@?ﬁ ES and at the
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product i’ 6n costs by 1 Aprovi ig production € Cl ency 'because of its
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productivity. The method conprises a process (A) for arranging el ectrodes,

one catdasés and tbacpamimidate anadreatea b a guwdbesonitbed canstictsalsbianc horn

ted, t ul t i C. t it hi . ' I t that fill
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in the gasgsnare sainosed fromtheysarabberolhdbe ladtdrhappbestusogessisa B to

generate plasnma di sc_harge within the ultrasonic cavitation field adequate

for t h®nby sthest 8@ Bigh Rempgratard saunes evsed for alecenusosisioshef 6, 835, 523,

by Yarna i | ., describes a "Method for fabricating with ultrasonic
SReeGEon o

vi br at oating", which is a process for fabricating a carbon
coating in a nmedium di sposed on one side of an el ectrode connected to a
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expect efadee] ibothGo BarGaddasndthod Buprosdsed ¢at hiydacgeansrodudeim
break down compounds and synthesize new ones, there's a need for methods
and appeer wager onateprobydemaeans OhpagMapdisahacge gxcitedoist the {haai-ve | evel

and nmodul arity for scal able industrial applications. .
2011/ oSusgpele feidinones denaiamarvearehRe ARvessigbass ficharosnt i on
provi defaraGERida e 809b 8 RALANISCHAN 98R&EH iiflecules into plasma discharge

in the form of steam, which is usually produced by water boilers, therefore

reducing the efficiency of the overall process.

[0011] In US Patent 7,070,634 B1 A1, 4/2006, “Plasma reformer for
hydrogen production from water and fuel” to Wang describes a plasma
apparatus for converting a gaseous mixture of water vapor and
hydrocarbons into hydrogen. The reaction chamber consists of an outer
wall that acts as an emitter electrode and an inner wall that acts as a
collector electrode. The mixture of water vapor and hydrocarbons are
introduced between these two layers, inside a non-equilibrium thermal
plasma environment. A non-combustion pyrolysis process is used to create

this environment.



pl asma and appl ying plasma particles to a liquid. The nethod of applying
pl asma particles to a liquid, according to the invention, relies on the
basi ¢ corwepbiiasimsansformng a liquid into a m xture ofcChimruidoaasspl et s
suspended in a gas phase, and igniting a plasna state in the gas phase.

Pl asma particles are able to diffuse through the droplets of liquid. The
droplets of liquid may have a dianeter of a fewtens mcroneters (or even
| ess), thereby given the snmall size of the liquid droplets and the |arge
rati o HeOIRgn gadnalapdrians Appliastien IREO@H27320drbypShvkata et dli,ghl y

ffici d i ] sh t of ti 0016] Th t st
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Ly ROVAIEH pides
TreC Cand ESPET. ARSI kel Dor e BICI DN IBERS DEMRBrEBl oth P ACe

any ot kgsctpippRivns distieaffe P raBanic oavisgtishdielar, ofitrakenpt oducts may be
I npl emented. [0017] The nmethod according to inplenentations of the invention

i nvol vé&onadherhistny dg 62600y l6e1ghdsstitute edMultidiscipinphafasaarghiferand- gas
i qui d-and- . ich , hi . by tr. I ti.gni th

O S PR AR £ R MASEhE B obliRgRoh R ese,

e car i TEhod fndlo dRVRSTForDRSEIhg AT hBbivmanal ARNA HOREIS, Cor

or any ngthequirias expabsiecopraduation figcitity isaghdas £ #iehaonmeidilgd i nvol ves

igniting a plasma state inside the mxture. The latter is typically
conductredupedcfaratnn freatneerictiti @ easdy mrodugel g nappeark&ie seatertialke

20117 oSS EbRer EaaubIrata L Tisd] wbtEe8 BIR.Felibe MeitBranarssninggn e

streamRyr ddreriirndbpyy End®ebrihg environment in a production premise, and at
the same time considering the safety. This method can remarkably reduce
production costs by improving production efficiency because of its
continuous production and recovery, and providing an alternative for mass
productivity. The method comprises a process (A) for arranging electrodes,
one cathode and one anode, connected to a power source; an ultrasonic
horn connected to an ultrasonic generator within an organic solvent that
fills a container; and a process (B) for generating an ultrasonic cavitation
field by ultrasonic waves into the organic solvent, around the head of the
ultrasonic horn; and effecting the thermal decomposition of the molecules
in the organic solvent by applying a voltage to the electrodes so as to
generate plasma discharge within the ultrasonic cavitation field adequate

for the production of the nanocarbon material.

[0013] US Patent 6,835,523, by Yamasaki et al., describes a "Method
for fabricating with ultrasonic vibration a carbon coating”, which is a
process for fabricating a carbon coating in a medium disposed on one side
of an electrode connected to a high-frequency power supply. Ultrasonic

vibrations are then supplied to the object.



[ 0019] The energy consunption rate is considerably | ower conpared with prior
art for igniting and sustaining plasma in order to apply plasna particles
to a |iqguwad.2omileshisgh effici ency of the process, accordipag/iBmii/b@433

i nvention, gives inplenentations of the invention the flexibility,
scalability and therefore nodularity, all features that facilitate

i ndustrial inplenentation for mass-production. [0020] The reaction is
typically carried out in a reactor that has a nozzle to atom ze the liquid
at the[DBdddss, dribraatiagditan absveg lagks eonbrtoltdfea @pnésriouRhepbiratianj ¢
streanlr%p whi ch the discharge._is produgﬁ%i haﬁ?a_d naniﬁ c*&ster structure
wi th adnét fedyinedprae @met e ff wveasw g% by Indeagibl o

dr opl et d : t : i4N i e | nput of
the noa N SeiFaTVRRAT R SbSRIkial Bt Fh OB OPRRING 8 CPET %
change ihtece ahepnichl gaackods ltodbibth bheskeHdviin tdaenpbunas arehdyhblecsieai me of
steady burning of the discharge and, hence, the direction and velocity of

t he ch&®ivanasedbereissa pasglteumeathokls andapparpiuses thaoproyide appar at us

according.to the invention may be utilized in a variety.of_syst for

car ryi GG ap ATt At A tbshe e S catd SRauEla BetoniscdlBbld cati on
for di@ﬁ&&gﬁqéﬁgb i &is.supply using application of plasma particles. In
many situations of energency, such as in the aftermath of a hurricanes, a
nonsoons, an earth quake, a flood, a terrorist attack, a war or any other
affection of the kind, the water supply may becone contam nated with

har nful bi ol ogical agents. In these case a water sanitation system could be
installed on location to disinfect the water. The | ocations nmay incl ude
housi ng bui |l di ngs, factories, hospitals or any type of building that may
be, for exanple, a target of a terrorist attack involving WO

2011/ 098918PCT/ 1B2011/ 000433 wi t h hazardous bi ol ogi cal agents. A water
sanitization system enbodying the invention may be placed after the water
matri x and inside each building' s dependencies to provide water

di sinfection. [0022] The various ionic particles created in the plasma,
new y



synt hesi zed nol ecules (e.g. Ozone), and nol ecules resulting fromthe
breakdown of | arger nol ecules may be efficient at inactivating biol ogical
agent s comnpaniwm@giiBeg a water stream A water sanitizati eoTAPpAl/AME

I npl ementing the invention, is highly adaptable and versatile. For

I nstance, a plurality of apparatuses nmay be conbined to increase the
sanitization throughput. Also, the possibility of controlling the input
paranmeters enable a user of the apparatus to govern the generation of each
of the effects over the SMMMARYOFRTHERNVENEION equency of elastic
waves), so as to optimze the disinfection process. In addition, because of
the | ow energy requirenent to operate, an apparatus nmay be adapted to be
power edOByL 5dol ar Tdreeirpyentidiupropidas dimetlhod\aric eppaaatusafobgedepabigigd i n
renote area where necessary. [0023]Furthernore, the treated water nay be
reci rcllas®@ andARPlY Y PhaemaeRaidiclandpra ligeidr Ahedagtied qfearplyingunt ed

in seri i.n t SUr ] e i si-nfection.. F | e,
S e gt 8 AT, Achhgnb kg Infhrmiph LRSS onf Bl BAREL e
requi r goncepedfftransfaatifeNa liuid aned CHiREURN 0B ligued Y If@:srmsgfe&med to
rid the water of particular contam nant. WD 2011/098918PCT/ 1B2011/ 000433
BRI EF DESCREPRII@SeORaMHIY mikng RGdasot2 st# gy tha das phasewblasmadi agr am

t hat represents the, oyer steps for, .creati a plasma_state in.a hiphasic
o L PGt Sreanie i difuse Ehouaielt Eoplls rvane: ghe Hionltaqu e o
is a bl Lagr ' '
o ettt ShAP RIS SPABHRELenEr b 1RuPBENE RFBATARES (BF /et RI])

thereby given the small size of the liquid droplets and the large ratio

between gas and liquid phases, the diffusion process is highly efficient and

requires a short amount of time.

[0016] The next stage typically comprises reversing the mixture back
into a liquid phase. However, because the product of the one or more
reactions taking place in the presence of plasma may comprise one or more
gases, solid particles or any other byproduct, one or more means of

separation of the products may be implemented.

[0017] The method according to implementations of the invention
involves transforming a single-phased stream into a biphasic liquid-and-gas
or liquid-and-vapor stream, which may be achieved by transitioning the
stream from a high pressure zone (e.g., inside a pipeline) into a lower
pressure zone (e.g., plasma chamber). Additionally, the transitioning may
be carried out through a diaphragm, an ultrasonic hydrodynamic transducer

or any other means capable of atomizing a liquid.

[0018] The method involves igniting a plasma state inside the mixture.
The latter is typically conducted by creating an electric field with a level

that exceeds the threshold of breakdown voltage of the biphasic medium



[ 0026] Fi gure 3 shows a cut-through representation of a portion of a system
for applying plasna to a liquid in accordance wth an enbodi nent of the
I nvent i orwo[200288H8gure 4 shows a cut-through represent acrap20i/o®@43s0rti on
of a systemfor applying plasma to a liquid in accordance with an
enbodi nent of the invention utilizing a hydrodynam c transducer.
[ 0028] Figure 5 shows a cut-through representation of a portion of a system
for applying plasnma to a liquid in accordance with an enbodi nent of the
i nvent iiosidet tHe wgraessiuce anaecapdwbrosghrihe stregemafdhe bipheisictric fiel d.
[ 0029] Fi 8are 6 is a flowhart diagramrepresenting steps of disinfecting
wat er "AC4REBr dance with an enbodi ment of the invention. [0030]Figure 7 is
a bl ock diagramrepresenting conponents of a system enbodying the invention
to provide water sanitization. _ _ _
[0019] The energy consumption rate is considerably lower compared
with prior art for igniting and sustaining plasma in order to apply plasma
particles to a liquid. The high efficiency of the process, according to the
invention, gives implementations of the invention the flexibility, scalability
and therefore modularity, all features that facilitate industrial

implementation for mass-production.

[0020] The reaction is typically carried out in a reactor that has a
nozzle to atomize the liquid at the ingress, and a back pressure system at
the egress. The biphasic stream, in which the discharge is produced, has a
dynamic cluster structure with a large interface between the gas and liquid
phases (i.e. liquid droplets in a gas-phase stream). By varying the pressure
in the input of the nozzle and counter pressure in the outlet pipeline, it is
possible to change the ratio of gas and liquid phases in the stream, and the
regime of steady burning of the discharge and, hence, the direction and

velocity of the chemical reactions produced in the plasma chamber.

[0021] An apparatus according to the invention may be utilized in a
variety of systems for carrying out several applications. The disclosure
describes an application for disinfecting a water supply using application of
plasma particles. In many situations of emergency, such as in the
aftermath of a hurricanes, a monsoons, an earth quake, a flood, a terrorist
attack, a war or any other affection of the kind, the water supply may
become contaminated with harmful biological agents. In these case a water
sanitation system could be installed on location to disinfect the water. The
locations may include housing buildings, factories, hospitals or any type of

building that may be, for example, a target of a terrorist attack involving



[0031]Figure 8 is a block diagramrepresenting a systemfor using an
enbodi nent of the invention at a | ocal |evel where the water source is a

| ar ge di swoi2butdoenisnet wor k and an appar at us enbodyi ng t IR€TIIB2021Y000a38 | S
utilized in proximty of the consuner. [0032]Figure 9 is a block diagram
representing conponents of a systeminplenenting the invention that relies
on solar energy to provide water sanitation. WO

2011/ 098918PCT/ 1B2011/ 000433 DETAI LED DESCRI PTI ON OF THE | NVENTI ON

[ 0033] Thithihazardoas hiotgidakagents.hddvater spphizatios §ystempEmbogying

the invention may be placed after the water matrix and inside each

building’s dependencies to provide water disinfection.

[0022] The various ionic particles created in the plasma, newly
synthesized molecules (e.g. Ozone), and molecules resulting from the
breakdown of larger molecules may be efficient at inactivating biological
agents contaminating a water stream. A water sanitization apparatus
implementing the invention, is highly adaptable and versatile. For instance,
a plurality of apparatuses may be combined to increase the sanitization
throughput. Also, the possibility of controlling the input parameters enable
a user of the apparatus to govern the generation of each of the effects over
the water (i.e. UV, IR, ozone, frequency of elastic waves), so as to optimize
the disinfection process. In addition, because of the low energy
requirement to operate, an apparatus may be adapted to be powered by
solar energy. Thus, providing a system that can be deployed in remote area

where necessary.

[0023] Furthermore, the treated water may be recirculated within the
same device and/or several devices (e.g., mounted in series) in order to
assure a high level of disinfection. For example, since the feedstock may
contain several contaminants, each of which may require a specific
treatment, a re-circulation stage may be necessary to rid the water of

particular contaminant.



plasma to a liquid. The invention provides creating high electrical
conductivity in a gas, which is conducive to initiating and sustai ni ng

pl asma stwoep1uesng substantially | ower energy requirenmporapmamparssd with
the teaching of prior art. Enbodinents of the invention achieve the |atter
by efficiently producing a biphasic nediumof liquid droplets suspended in
a gas. The invention provides neans for controlling the size of the
droplets, the ratio of liquid to gas, as well as the intensity of the

pl asma, its |ocalizBRIEFDESCRERTLON Ofe THEDRAWINGSat woul d al | ow one
with ordinary skills in the art to apply the invention to a variety of
applications. [0034]In the foll ow ng description, nunerous specific details
are set0D@4tlh t o Figore deisaa Movechidrtirdiaghaetitat peprasentts tthe overetk i on. |t

wi |l be apparent, however, to one skilled in the pertinent art, that the

i nvent iS6APPEGT KEEPHRELI Plappt $iele D SiPRpei mediyay dnjaccordapegayith

instan%ufgnﬁée&iﬁ 3 fgﬁéti*ﬂkgﬁEiEﬂye not been described in detail so as not

to obs aifms following this description are what
define the nmetes and bounds of the invention. [0035] The disclosure

d [ h enpl |icati di t of th

nvent 100 2Her o 194 erol Tl enle AHaSHP T HERT BSEAENGEHE PABICC PR NSt or
that i _ . . . Lol _ ts.
e wi o ek tnRipIRHeRANBHC et 5] BEbRAND PSS O SAMAITT . ous
systens and net hods may be designed follow ng the teachings of the

i nventi carr, iff appl i I i t] from
the spilfP28dna- s £40d&7 e 2, i RBrod80 Bk s PBEYA R pBSAEE 68,5

Ter m nelaeyml RISHHPRihEPIAsEREES adi§GIdORHBEcGrdfi@ /Mee ahCenrdinfent be
used sonetines to refer the state of matter in which a substance is found
in itsafdheal infventiqre.g., Air), but at other tines, it nay be used to refer
to a substance that has nonentarily acquired sonme or all gas properties
(e.g., vapor). Simlarly, a reference to a liquid nmay be used to refer to a

subst anoe2yqual | Figetnd showssa tutithdofighmepradéntatidatoflportionndfaai |y
formed a liquid (e.g., a condensate), or conbined with other substances

(e.g., syrtemgfordapplying)plasanarterentiauid in aeeordance with an embasigentes,

and/ or state transition na e vyery beneficial,to enbodi nents of the
i nvent ioir{ & VS RGN u?'é'?'@éﬁﬁ'é’,’o WILUC NSl onal state to separate a

gi ven substance froma m xture.
[0028] Figure 5 shows a cut-through representation of a portion of a
system for applying plasma to a liquid in accordance with an embodiment
of the invention utilizing a microwave power source to generate an electric
field.

[0029] Figure 6 is a flowchart diagram representing steps of

disinfecting water in accordance with an embodiment of the invention.

[0030] Figure 7 is a block diagram representing components of a

system embodying the invention to provide water sanitization.

[0031] Figure 8 is a block diagram representing a system for using an

embodiment of the invention at a local level where the water source is a

10



General Concept [0037] Under usual conditions, the concentration of charge
carriers (electrons and ions) in a gas is very low. a gas is a very good
di el ectriwo 2h1g@s9iBequi res the presence of a hi gh quant iCy/1Bio1obangse
carriers, which can be created through ionization, in order to acquire any
significant electrical conductivity. A gas acquires a steady electric
conductivity once there is an equilibrium between the origination and

di sappearance of charges. [0038] The nost common nethod to artificially

cr eat e latges uliastrHaLttPUmmghworkaEtrimgnaanppamﬂursi ermdoad e g vibeni nev erdiian o

el ectrod s under h- vol t a gas, the discharge voltage has a to
reach AtBiZeghin QU%’I(' 't\é Ofbt?’t%aﬁ‘a Itag in order to ionize gas
particles. The plasma state may then be nmintai ned through the passage of a
sustai ned el ectric current though the plasma. WO

2011/ 098982RCT/ 1520Ung 60!@4@@@@o@@@@ndﬁwasanbegwomwmmfoa
Sgif’“arﬁg?er'rﬂw‘pﬁﬁerﬂgeg PG e (VR 0nan 8t AP b SRV e Lgrovide '

(sel f- g Ei?tqibﬁchar ge initiation voltage) the thr eshol d is determ ned
by the pr oduct of pressure by the distance between the el ectrodes,
according to Paschen's Law. Paschen determ ned that breakdown voltage is

determ ned by the follow ng equation: a(pd)

11



v = In(pd)+ b [0040] where "V'is the breakdown voltage in Volts, "p" is the
pressure in atnospheres, "d" is the gap distance in neters, and "a" and "b"
are constwotsiiolvsgiact eri zi ng the particul ar gas bet weenprchhasmliiecionssdes.

Thus, in cont
different for

rast to liquids, which are relatively inconpressible,
ms of electric discharge can be inplenented in gases by

varying the pressure of the gas between the el ectrodes. [0041]In a gaseous
phase, different kinds of discharges to produce plasma nay be inpl enented,

t he external

mani DETAILED DESCERIRTION ORTHEINVENTIMANch are connected

with a wide range of technical characteristics for devices used in each
I npl ementation and a variety of elenentary processes determning the

condi t i[6083f

cumeninveaesay@rokidesa meglasd Jrabappanatue fdrodpplying

accordance with the i nventi|on, tran3|t|ons a liquid froma very high

pressuW%’&@eQ@ &Jm'élv\/@_m%f@é%flﬁ'%nﬁﬁé“ %6r¢alilf1u9d"9h@e6§ﬁb%ﬁ'|ds in a sort

| nt r?\é5| gh@tchgcﬁ Ig‘&blﬁ cape) ﬁngm ’ﬁt'&hn}?a%& %‘:alrlhﬂg Bf':ésln’?ét er

2011/ O%Q@R@hé%slt/a&@%%ohﬁeraeﬁeégy megﬁh@hgﬁfg éoﬁ{péﬁe@j Witregtié on by

one or nore nmeans for atom zing the |Tqui

For exa a system

i mpl eméaachiong bé prioremtti @mbeagdiroents of taennz/zlnégoraagﬁm thenlatder by

ucer or, .a ot her . .nean dropl et s of

hydr od bl e of d
11 qui .M et Bl aUGHo AbipPYsE maium RE licllididropTeheaaes SR

hysi c r | tate of
Ioi éui d and @{gm‘ﬁ& @2 F}ILQM s Fﬁé‘%}cﬁf?g (ta@jﬂt h @ngalt%l on I%{‘eoaFée[(bzlt%rt;gxc
di schartgesratid bf fiquing toigdg)ras ofell agthe iavdngiag .of[tP4gldsmeriedi ment s of

the i nventi on,

as the ratio of gas-to-liquid

localization and numerous other parameters that would allow one with

ordinary skills in the art to apply the invention to a variety of applications.

[0034]
forth to

In the following description, numerous specific details are set

provide a more thorough description of the invention. It will be

apparent, however, to one skilled in the pertinent art, that the invention

may be

practiced without these specific details. In other instances, well

known features have not been described in detail so as not to obscure the

invention. The claims following this description are what define the metes

and bounds of the invention.

[0035]

The disclosure describes among other exemplary applications,

an embodiment of the invention where a system implementing the

invention is able to rid water that is know to (or may potentially) be

infected

with biological agents. One with ordinary skills in the pertinent art

would recognize that numerous systems and methods may be designed

following the teachings of the invention to carry out many different

applications without departing from the spirit and scope of the invention.
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increases it creates the conditions that facilitate electric breakdown when
a plasma state creation is desired. [0044]Figure 1 is a flowhart diagram
t hat reprweeniizghe overall steps for creating a plasmapstraB®ii/moasdi phasic
medi um in accordance with an enbodi nrent of the invention. At step 110, a
system enbodyi ng the invention obtains a liquid m xture, feedstock. The
feedst ock may conprise any nunber and type of |iquids, optionally m xed
with one or nore diluted, suspended and/or enul sified substances. The
conposiTerminblogy f eedst ock may be selected by a user for any specific
application using an enbodi nent of the invention. The feedstock may contain

ar get ABORRT br LRGP SRR AERloSe) SR el eto sastinay P IR0 %,

reacti QRreLATELICRBRG Wd Btate apRhatgat 'nﬁ"?/vlﬁ’ifchté‘%u'b%f&ﬁéé%‘fou[nﬁ@”rﬁ] &E step
120, a system enbodying the invention passes the feedstock though a device
that tnesusl fooms(e.ge, Aegddubct 6tien Eimesjul dnphidse usetdcardfiepttasac st ate

containing liquid and gas. The |l atter may be achi eved by passing the
liquid SHR’%E@:@@@ &hﬁBPﬂsein“lFE@HWa@ﬁﬁlU'éeﬁy'%ﬂ"ﬂﬁyq’faﬁ{ ES aﬁ%rg@ret@s g@ -Gany

2011/ 09BoEPCaaIE: B RLEAER G eer MRl Tn VS 18R PERE tp areter s and
nmeans @ubistaned tusemlIyofdure] in figi Igguiat fbrhheahup@ﬁehgt Bhstrofdenkeilgd] ust ed.

For exanple, the size of the opening of a nozzle, and many ot her
par ameffermedsadiguid (mgssalrc@ndtemsahghr@tdsznmblaedrwﬁt\dotimr supstaneest s, or

t t dj ust ed d to.th t d/
ompositE e trONAD dibdidn bard BIOHRPLaRReroTBaNT @ﬁﬂfﬁ'dﬁ 3¢ 53,
PPl | CafricB 1485848 S0 ABERALD rﬁeﬁeﬁc.awsra 8Bt 47]1n an

i npl enentati on I'nvention, ransition the o froma

l'i qui diteehtign @hzmrdeg,aﬁ)rseﬁamprayt@ejséealtgaﬁshtirocmab@tate a@ sIetp)@rEE@%age into
a reactor. The reactor (see below for a nore detail ed description)

t ypi caldiyer Guhistanee ra@sadnixtiure. el ect rodes for initiating and sustai ning
pl asma.

General Concept

[0037] Under usual conditions, the concentration of charge carriers

(electrons and ions) in a gas is very low: a gas is a very good dielectric. A
gas requires the presence of a high quantity of charge carriers, which can
be created through ionization, in order to acquire any significant electrical
conductivity. A gas acquires a steady electric conductivity once there is an

equilibrium between the origination and disappearance of charges.

[0038] The most common method to artificially create plasma is
through creating an electric arc between a pair of electrodes under high-
voltage. In a gas, the discharge voltage has a to reach a given level i.e.
breakdown voltage, in order to ionize gas particles. The plasma state may
then be maintained through the passage of a sustained electric current

though the plasma.

13



[ 0048] At step 130, the feedstock is passed through a reaction chanber, to
which it is sinply referred as a reactor, where plasma is initiated and
sust ai nedwotha/pPsasence of the plasma particles, the temwpenntuar/egosshhe
pressure, the feedstock conposition determ ne the type of the chem cal
reactions to take place in the reactor. Plasma state increases the | ocal
tenperature and pressure and generates other effects such as | um nescence,
infra-red (IR) radiation and ultraviolet (UV) radiation. Cheni cal bond

br eakad8038d | i bdiret appeafameeliordihsesagld of disehargesdaxatind gasinham:e fluid

wer e asmy state woul d enerate ne an COH r.adi cal s aring
extrem?f er”l@ﬁ%?‘?'@%”&ﬁ@ BS(PBatthev rexs §pd F b dRUSadn; F@%\%P‘?é‘fects on

the fl Wrﬁforhf?%%'d? bREK, \}B(]taFd}% gFf*m%II’?ﬂ:aEm%& A8 éEc_@% hipaLp el ectric

pl asma “di'schar ge may be rea Seé stable characteristics can be

Measur Qo faye )edmh RO i fdéteﬁﬁﬁnea by tihegroliuet tof mieisstie yt tige bur ni ng

paraneters by collecting data and adjusting the paraneters in order to WD

2011/ ogBstEgRETheBrean/theoalsstradds, |aceopding ite Rasches®4bval Paschian
accord to.th ired cation.. Gven the of. t he burning
char acttebmibed thek Hreakabhun “altdk setes e by tha ticing T eaut r ement s
or pOWPerqua[t 0] At step 130, other steps for separating by products of the
reaction may be undertaken in enbodi nents of the invention. [0051] At step
140, the stream of |iquid-and-gas feedstock is converted back to a liquid
state. However, since other solid and/ or gas conpounds may result fromthe
reaction that takes place in the reac those conpounds may be separated

t hought ot her nmeans (see bel ow) that require a conversion to a
li quid phase. ln(pd)+b

[0040] where “"V”is the breakdown voltage in Volts, “p”is the pressure
in atmospheres, "d”is the gap distance in meters, and “a” and “b” are
constants characterizing the particular gas between the electrodes. Thus, in
contrast to liquids, which are relatively incompressible, different forms of
electric discharge can be implemented in gases by varying the pressure of

the gas between the electrodes.

[0041] In a gaseous phase, different kinds of discharges to produce
plasma may be implemented, the external manifestation and electrical
parameters of which are connected with a wide range of technical
characteristics for devices used in each implementation and a variety of
elementary processes determining the conditions of current passage

through a gas.

[0042] The method, in accordance with the invention, transitions a
liquid from a very high pressure zone to a lower pressure zone. The liquid
thus expands in a sort of “evaporation” (or gasification) phenomenon. In

addition, to the latter intrinsic behavior, the gasification of the liquid may

14



[0052] Figure 2 is a block diagramrepresenting the basic conponents of a
systeminplenenting the invention for applying plasma to a |iquid. Block
220 repraesonvs/meEsor nore feedstock sources (to which ipcTiB20ak/sm4sef erred
as feedstock vessel), that may be a tank for storing feedstock and/or
preparing a mxture of feedstock. In addition, block 220 may represent a
pi peline for continuous feed of feedstock. Feedstock vessel 220 feeds a
pre-conditioning systemrepresented by bl ock 230. Feedstock nay be

t r ansf doer aitlefid omenhlzodierdnto ok thelingentidd by arreeopmaecemieansifong syst em

et GRRIEiss Bpe B 260" RprBRlEn 2 SYRES BB SNEINGANS MNFIYRN syst e
t hat j t : ' [
devi oo THRl Y SEnte Ao ftePREROIT A R GBI neAn A BERH B pp BRREPos! 1O

f eedst eakaheic@ipable eftprogudieg |dropietsiof iqaldasha a resiie of draagansition,
enbodi nents of the invention. An apparatus inplenenting the invention may

easi | y tbrdigedihphapercampasigoraasidepbysigah psepwdies abruptly change from
2011/ 098918PCT/ 1B2011/ 000433 te rature, pressure, densit an
concentiC N 4ridhg WPRERL Sitedieitud fhd drgn veraler sets fadfitates

pre- copdit ARk DI BV i 4H i e I Hiheni ng
syst emmﬁg %Blctzltrg)ﬁ]f ?g%!id(}h?n@iﬁgﬁéﬁ%\e/a%gﬁtelﬁ@bweés@gtléﬂr;ggg?i rll(tg%oJFH tbhg i nvention
to provide optinmal set of paraneters to initiate and maintain a stable

pl asma -di arge:f.o - I.r 0 - palication pf | ma to
t he feéé?’?@gk an&%o‘%n@%ﬁim%ﬁ?eoggm%hw%ﬂ%gﬁggﬁkb8?g%geg%A@ﬁg dat a
col | ectih@basisa¢Fehtes aRe coPfitiohs That §atilitate efedthie KEMQAUMRIhWRENS
syst em enbodyi ng the invention may be configured to collect and transmt
dat a t plasmacstateatresyiorein d€siredxanpl e, environnent paraneters, such as
tenperature and pressure, nmay be neasured at any stage of operation, and

the data coll ected and processed. Furthernore, the control system may be

confi gyjoed4tjo comigate anyg al€loivechart dihgranstieat pepraseats hhef @estilck data to
optim ze operations. For exanple, the control system may control the punps
in ordsteps fonerealdegcr plrwNaasi@terie »bilagie Mediwd, dnragerdancerivishder to

I o

post - cW?eﬁFeﬁicg?céwaeggerd ﬁﬂXt&té)%egjge@aaeﬁﬁe Cféeasﬁdc%é AR EBASYHEE the

i nvention. [0055] The pressured streamflows through the pre-conditioning
syst emaz3Ontuhmioergbnd tyipghoptiga#ls, coplipeailynenBii witho oaer eachare dB0tedBy
design, the size of reactor 260 nay be setup, such as the entry of the
li qui d stepsesednand/euemulsifischaHBStaGeRe i cPEYReYEON of the féedstock

may be selected by a user for any specific application using an embodiment
of the invention. The feedstock may contain water, electrolytes and any
other substance (e.g., oils) that may be targeted for breakdown, synthesis
or promotion (e.g., catalysis) in a reaction in accordance with an

application of the invention.

[0045] At step 120, a system embodying the invention passes the
feedstock though a device that transitions the feedstock from a liquid phase
into a biphasic state containing liquid and gas. The latter may be achieved,
by passing the liquid through a nozzle, a diaphragm, a hydrodynamic
transducer or any other means capable of producing droplets, such as a

spray, of liquid.
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[ 0056] I n an enbodi nent of the invention, the pressure of the medi um before
the reactor may be, for exanple, in the range of 1 to 100 atm whereas the
pressure wo 2bhi9gmact or may be in the range of 0.1 to Or8raBmii/bdve3zpressure
after the reactor may be in the range of 0.5 to 4 atm The WD

2011/ 098918PCT/ 1B2011/ 000433 neasured pressure in a nozzle zone may usually
be 0.1 amand the pressure of a liquid before the reactor nmay be 100 atm

[ 0057] I n an enbodi nent of the invention, the plasma chanber 260 is nade
from a [@0di6dct ri Fomreeash ftedstockptbeipametensaand rheansef tvhinsitiartiage i s a

Cecond Brdid gttiaheapkascstals MY e SHINGEFHal aF HAB G e S 78 R
econd P | . .
[ 0081 The el G o SoiTES aHRUREA 8RS ol 8 RABLE V8 ch Btsldsl ke Ofne

results, oFl ow'ng ar e’ exa arrant s of 'exci i'on 0
di SCh?ﬂg@roHQﬁé%ic tHaasdusehadgestragnbs, onadycottiraparametagemiayobea
rectifier
adjusted according to the density and/or composition of the feedstock, or
any other requirement of a given application for which an embodiment of

the invention is used.

[0047] In an implementation of the invention, the transition of the
feedstock from a liquid to liquid-and-gas state may be designed to occur at
the passage into a reactor. The reactor (see below for a more detailed
description) typically comprises a vessel with electrodes for initiating and

sustaining plasma.

[0048] At step 130, the feedstock is passed through a reaction
chamber, to which it is simply referred as a reactor, where plasma is
initiated and sustained. The presence of the plasma particles, the
temperature, the pressure, the feedstock composition determine the type
of the chemical reactions to take place in the reactor. Plasma state
increases the local temperature and pressure and generates other effects
such as luminescence, infra-red (IR) radiation and ultraviolet (UV)
radiation. Chemical bond breakage and liberation of radicals may follow.
For example, if the fluid were water, plasma state would generate ozone
and OH radicals, bearing an extremely reactive and oxidative atmosphere,

which has important effects on the fluid.

[0049] In the reaction chamber, a stable and stationary electric plasma
discharge may be realized. These stable characteristics can be measured
for each medium, thus making it possible to optimize the burning

parameters by collecting data and adjusting the parameters in order to
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t hrough a ball ast resistance [0060]- The di scharge may be from an energy
storage device (e.g Capacitor) charged to the voltage of breakdown [0061] -
The di schwogelmm@yoiBe from a source of an alternating volptagB20ieo®433 havi ng
a frequency of 30-50 kHz). In tested cases, plasma was ignited using
pressure (i.e. before the reactor pressure) of 100 atm and a di scharge
vol tage of 10KV or above. In stationary regine, the pressure could be

| owered to 65 amor |ess, and the voltage between the el ectrodes was

bet weeriuBdDspecificd@ctinpdogighbtasks, viiadrdirgdodded dasired applition.of t he

chamber,. D schar curren s hetween hundreds qQf nriAto a few A

[ 0062] fHxep 6'fgaek§§'€)’ ﬁ’gﬁ‘éﬁﬂﬂ'QQV&%?GF%W'W?%&@W%@? Sohens! 1 ng
t he enyir attI.F\ed L NS . For exanple, the reactor
conpri \sfgsé)é;grm%r%%%ncy %@%rgﬁ?é\/@,@ %eﬁgﬁ%r';ay be tri gger ed by a WO

2011/ 098918PCT/ 1B2011/ 000433 set of security sensors such as manoneters,
t her. _sensor. reactor coEBrises one or

more naDPo0d 1 or AlcRieRyl PaGEAEE SPoRs e SEPRLTRH DY BoGIFrs BF R Lo
| proveehBEoAaFdy BEifhddthReRlint R RIRRASHES e Rvention.

[0051] At step 140, the stream of liquid-and-gas feedstock is
converted back to a liquid state. However, since other solid and/or gas
compounds may result from the reaction that takes place in the reactor,
those compounds may be separated thought other means (see below) that

do not require a conversion to a liquid phase.

[0052] Figure 2 is a block diagram representing the basic components
of a system implementing the invention for applying plasma to a liquid.
Block 220 represents one or more feedstock sources (to which it is also
referred as feedstock vessel), that may be a tank for storing feedstock
and/or preparing a mixture of feedstock. In addition, block 220 may
represent a pipeline for continuous feed of feedstock. Feedstock vessel 220
feeds a pre-conditioning system represented by block 230. Feedstock may
be transferred from the feedstock source 220 to the pre-conditioning
system using pumps, pipelines and any other device required to transport

feedstock.

[0053] Block 230 represents one or more pre-conditioning systems
that may comprise a heater, a cooling system, a vacuum and/or a
compressing device and any other system that may be beneficial to
treating the feedstock before treating the liquid with plasma in accordance
with embodiments of the invention. An apparatus implementing the

invention may easily change the operation parameters such as
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and dependi ng on the application where the disclosed nethod is utilized, a
nozzl e, di aphragm or hydrodynam c transducer nmay be utilized to further
enhance twe 2orimgiien of the gas-and-liquid m xture. |n egivaB2orends3nf the

i nvention, several different types of plasnma can be produced wi th m ni nmal
changes to the reaction chanber. The latter may be achi eved, for exanple,
by nodi fying the operation paraneters of the power supply unit (e.g., block
250). [0064] Bl ock 250 represents one or nore power supply systens. A power
suppl y tedperafube, peessure, camnsityl, armd coheentratiah schangeythiersphgcatse be

oper at 8BeaIGD Y EEra ity Ak AP eePnshtian ya CURE BN AGt FB AVGY1 on.
0065 t i\ngy: it he: 0. .t ] i
bi pet | o et R O S A e e AR R R R BRI o b ok

270. Thenbodrpehe dfevel ilidmtiont be preatd@bptitiiabses ef pavangetidre tai anet er  of
the narrowi ng pipeline. [0066] Bl ock 270 represents one or nore

post - t iRistaterand yeaktsirc enghable jasmea discherge feareadhodesinddrztconee of
2 hore hrcbdidh A H0b 6 AR BRTALIG: mhflbh e siRtBtopt, @ 1o

enbodi nents of the invention, conprises any conbi nation of at |east one

cool i ngi devi_ce, at |east one conpressing device, at |east one condensation
devi ce Qﬁ’é“ﬂny otteek 24 repPrgsertsa G'@ﬁ@@H@ﬁﬁ'ﬂ?m@lﬂ?ﬁ@@@maﬂﬂeﬁoﬂfﬁw be

benefi ¢ 0 ific inpl tat| f i | O : se
ConeL) Syatett AN olBE, A Fpb AET RSB LR e P g bid oS,
gener aljey chhfigFodeetcafect hd tafBmit @3t RO the@BHtrol Sydtdrhdpbe that
contains nore than one substance, the post-treatnent system nay conprise
sever alexamapleyranviFonmecnparg materess tsuateas rempearattieenan ch paessurgamoayw t h

the i nyention, y conprise several post-treatnent stations for collecting
each | 16 VIGRRICG5 pAW L 36609F SPET3toThandaihe Aata pollectRbaifed i n t he

f &9 _
o ovi GPRQCRAT e pf orithr MRS MR CONED) B SRV EN Bk GRS &0 ORE e

t enper ainy de@it® of tive eystem dAadaldedrhé Feetiback atansabplimigk Gpémitisis.
substance or conbination thereof. [0067] The products and/or the remaining

| i qui d Fog/examele, dwe eantipl system may control the pumps in order to
increase or decrease the pressure inside a reactor, in order to optimize the
pressure level required by a given chemical reaction, and the flow rate
through the reactor, the pre-conditioning system, the post-conditioning

system or any other component of a system embodying the invention.

[0055] The pressured stream flows through the pre-conditioning
system 230 through a high pressure pipeline 235 into a reactor 260. By
design, the size of reactor 260 may be setup, such as the entry of the liquid

causes the liquid to expand inside the reactor.

[0056] In an embodiment of the invention, the pressure of the medium
before the reactor may be, for example, in the range of 1 to 100 atm,
whereas the pressure in the reactor may be in the range of 0.1 to 0.8 atm,

the pressure after the reactor may be in the range of 0.5 to 4 atm. The
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sink tank 280. To fully utilize the unused feedstock, tanks 280 and 210 may
be connected in a closed | oop operation of the system [0068] The conponents
of a systwoneniosypsng the invention, as introduced abovecTmnyoibeooass tiplied
and nounted in parallel and/or in a series In order to scale any
application to an industrial level. The nodularity of the systemalso allow
for one stage to be carried out in one location and |iquids and/ or gases
transported to other |ocations for use and/or for further treatnents. Means
f or Gemaeasiireyl PredasicinvadiezzaddPlcasmy Bsuallyl ks (. 0689h Rord aeh t ype of
feedstock there_is an, ogt%mal set of paraneters depending on the

appl i c&reepureef & tiqdidbefore e reactoringy bg &Mbar anet ers conbi nati on
that results in stable plasma discharge inside a reactor. For pure |iquids
it is possible to calculate these optinmal WO 2011/098918PCT/ 1B2011/ 000433
par aretl@057dr estlnr@t €nbedimpabOfttheainventiast, theplassvatchgmbrs AP e

e e I 88 RG] bTRAIAE mRB78] Bhd 5L BB BB it WHcROe"
there is a metal sealing plug to carry out the role of a discharge electrode.
The second electrode may be connected to the pipeline armature of the

unit.

[0058] The discharge regimes may be adapted to achieve a plurality of
results, the following are examples of variants of excitation of the

discharge:

[0059] - The discharge may be on a constant voltage from a rectifier

through a ballast resistance

[0060] - The discharge may be from an energy storage device (e.g

Capacitor) charged to the voltage of breakdown

[0061] - The discharge may be from a source of an alternating voltage
(e.g., having a frequency of 30-50 kHz). In tested cases, plasma was
ignited using pressure (i.e. before the reactor pressure) of 100 atm, and a
discharge voltage of 10KV or above. In stationary regime, the pressure
could be lowered to 65 atm or less, and the voltage between the electrodes
was between 500 to 4000 V (or above), which depended on the geometry

of the chamber. Discharge current was between hundreds of mA to a few A.

[0062] The reactor 260 may comprise a plurality of devices for
controlling the environment created inside the reactor. For example, the

reactor comprises an emergency dump valve, which may be triggered by a
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and reactor characteristics, it is possible to influence the processes of
plasma glow within a gas/liquid ratio stream [0071] Additional ultrasonic
equi prentworyiiesused in certain applications as it provycaaB2pos®uks |ities
for some other applications, although, it is not indispensable. Mreover,
the unit at the inlet, apart fromcreating the biphasic nmedium also has
the function of creating ultrasonic waves. [0072] I n an enbodi nent of the

i nvention, a single-phase streamis forced through a nozzle, diaphragm or
hydr odpebmfcaquritydsersorisr sucha aki mianomastense thenmameter wdanamt metpr essur e
I's |l ower than éhe vapor ?gessure of said streamat the | ocal ft rature.

e
The si I FNPRESEr §€P§8Fn | BeJEaser SPBPASeT P&@i Qr nﬁlfPur@n,noé'F'etsh@r. R&i on
zone ofregg]gpg_ﬁ%iafa éj'rQQEfcﬁ'gm or hydrodynam c transducer, flashing of the

jet strea es place, as the pressure is |ower than the vapor pressure.
The flashi ng phenonenon is an abrupt adi abatic phase change, so it can be

core ¢ RADERSce ThatdathishBraVe khE Rt sRad dhbieadt b KinheSF Greaidm,' 94 @
0073 ; . Cval . . _ ¢ |

Lher o Lo SehERATNE o the KppRcaticiweTEthe Tiised AP L BiE eamal ol o

st r eamnozatd)ediapdnragh gr nadirod yinasic tragrsduter|rnagl be antilizespee furthieel di ng a

choked flow, neaning that there may not he an increase in the flow rate as
t he ba@l@r’tﬂ&c@sm% C(‘?@‘é@”icﬁc l'th?egéﬁ@%ﬂ)qtllg abdiusgs dn. emippodiments of the

2011/ 09891 8FCI 182011/ SRRA3A YBLE FoRRIPLA Larl BE REEHED WS RHRIngRYe 11

a biph
changes to the reaction chamber. The latter may be achieved, for example,

by modifying the operation parameters of the power supply unit (e.g.,
block 250).

[0064] Block 250 represents one or more power supply systems. A
power supply 250 may be used to control the electric discharge, it may also
be configure to be controlled by the control system 240 in order to adjust
the operations parameters for optimal use of a system embodying the

invention.

[0065] After passing the reactor 260, the stream flows through a
narrowing pipeline 265 into one or more post-treatment system
represented by block 270. The pressure level after the reactor may be set

using the diameter of the narrowing pipeline.

[0066] Block 270 represents one or more post-treatment systems
comprising one or more means to condense the biphasic stream in order to
transform the liquid stream back into a liquid single-phased stream. A post-
treatment system, in accordance with embodiments of the invention,
comprises any combination of at least one cooling device, at least one

compressing device, at least one condensation device and any other device
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much | ower not only than speed of a sound wave in a liquid (water), but
al so than speed of a sound wave in a gas (steam. [0075] For exanpl e, under
nor mal cowogi2vilosvishe speed of sound in water is about »6E@ABIM4/Be04zNd t he
speed of sound in air is about 340 rn/s. In a biphasic m xture of air and
water, where the ratio of partial volunmes is in the range of 0.2 to 0.9,
the speed of a sound wave is in the limts of 20 to 100 rn/s. The ratio of
partial volunes "0" of phases in a mx is given by: 0 =Vg (Vg + Ww-1
[ 0076] what enaydye benefieial dovary spagifsd ainplamdntationi of the ivedntienofinwat er .

The m nj mum val ue of speed of sound (s 20 rn/s at volune ratio "0" of O0.5.
At deedNGAaREINENE it UStOsK SOUREINR: PRI OB A WS OF MRE et or 5 por

second.g |47 {dd ,8%%9%%@%@%}:% f dggk}ﬁfefm?lgépg!hs\mgf’cerééﬁ@%ﬁt%sﬁitoﬁweés ey

then bé carri ed 'out oW pressure

abr upt liiyyusd ahit icoegaMis dretHas bner sisstadicenithe pestPetlathtenthsysteshr ed
effects on the fluid. [0078] Figure 3 shows a cut-through representation of

a port inay gorapsigstsavdral skaponsnjoplexamaptey apostidreatment systemcenwi t h an

nmbodi t of the | t.i . . The |i id 301 i th i | j 302 fl f
2 zone SCLORAIRCEVAER ThE IBVERLOT: AW YRRl Ssyrie MO 48t M inber 303,

The tr By r ki Df u f strgl stream
"t he Eatigh@ ok colleetiBl dach MURIES I oMaAR SePararafy STRE SRR a8y S,
pl asma behaohievedDih thd eabeafesuBsrbnard thal possasssdistiont dontendatioras ma
chanmber 303 according to the needs of the intended application. The
temperatures by providing multiple condensation stations where each
station provides the temperature and/or pressure to allow for the

condensation of a target substance or combination thereof.

[0067] The products and/or the remaining liquid is/are collected in a
sink tank 280. To fully utilize the unused feedstock, tanks 280 and 210 may

be connected in a closed loop operation of the system.

[0068] The components of a system embodying the invention, as
introduced above, may be multiplied and mounted in parallel and/or in a
series In order to scale any application to an industrial level. The
modularity of the system also allow for one stage to be carried out in one
location and liquids and/or gases transported to other locations for use

and/or for further treatments.

Means for Generating Biphasic Media and Plasma Particles

[0069] For each type of feedstock there is an optimal set of
parameters depending on the application. Nevertheless, there is a wide
range of parameters combination that results in stable plasma discharge

inside a reactor. For pure liquids it is possible to calculate these optimal
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WO 2011/ 098918PCT/ 1B2011/ 000433 el ectrodes are connected to a source of

vol tage that provides ignition and nmai ntenance of burning of the stationary
pl asma diwoharigmsodf t er passing the di scharge zone 315, pcrashiipb@ssx stream
flows into a narrowi ng zone of pipeline 317 where it condenses back to a

si ngl e- phase stream Valve 314 enables a systemto control the pressure

i nsi de the chanber. [0079] Figure 4 shows a cut-through representation of a
portion of a systemfor applying plasma to a liquid in accordance with an
enbodi pEmanétarbeon estématerthe | theongtiaahy dfadgmatirest treeysdboatd bien an

enbodi ngnt of. tge i nvention, the hydrodynam c transducer may be di aphragm
416 and@€ACpYa¢ fxpRFImentallvs bi gger diameter that inprove the generation

of a biphasic streamby increasing the gas/liquid ratio of the stream
passi ng through the di aphragm 416. El ectrodes 404 and 405 are positioned
i nsi de%@fﬂ@ﬂa chdhbearyiog the sadametess ofdheceawestsauree spfede dischargaded
applicatipn of the invention. ghe el eﬁ;ar des ﬁgegjco nected to a Fs]ource of
vol t ag@NAWFRHFOF RArASECigit i 15 AP SIRIECRUHEN G Uk FEPRESES Ohe
statio i r A ke i he di scharge zone 415, the

bi phas{E@é%@eggnjﬁlv@&gﬁfﬁt%‘saﬂIggﬁcf?g\?maﬁzssﬂgggg'of pi peline 417 where it
condenses back to a single-phase stream Valve 414 enables a systemto

ise of OTEIF ¢ AYArbBRL LRatnfr eatRiment ARl B BRBHIERGHABM 0 avi o the
tr ansf eippicalioindl 46 ft pROFIEITOSdIBIIIRIAoroSorkeokHeacappREstions 0 the | i qui d,

enbodi nents of the invention may utilize high-frequency (HF, UHF) and/or a
m cr owalehal @i hisirigengtnindjspensableuMoraovalr] dhe Uik adidiheviev et gapaii figaer

power of djscharge. without | oss of stability. [0081] Figure 5 shows a
ot~ t nebaglinadebintian's shedfiih, s ran e HindiRR afrsrobge YRS Mhibsra t o
a |iquigdy accordance with an enbodi ment WO 2011/ 098918PCT/ 1B2011/ 000433

[0072] In an embodiment of the invention, a single-phase stream is
forced through a nozzle, diaphragm or hydrodynamic transducer from a
high-pressure zone to one where the pressure is lower than the vapor
pressure of said stream at the local temperature. The single-phase stream
is accelerated as liquid. Then, at the expansion zone of the nozzle,
diaphragm or hydrodynamic transducer, flashing of the jet stream takes
place, as the pressure is lower than the vapor pressure. The flashing
phenomenon is an abrupt adiabatic phase change, so it can be seen as a
discontinuity in the field, and occurs on the surface of a liquid core that

rises from the nozzle through an evaporation wave process.

[0073] Downstream of the evaporation discontinuity, a biphasic stream
forms, where the continuous phase is gaseous with disperse liquid droplets.
This stream reaches very high velocities, over the local sonic speed,
yielding a choked flow, meaning that there may not be an increase in the

flow rate as the back pressure (i.e. in the chamber) is decreased.
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of the invention utilizing a m crowave power source to generate an electric
field. In the exanple represented in Figure 5, a hydrodynam c transducer
516 may bwouwvildssad and a pipeline 502 zone of bigger dipemaBBN1/000AES

di scharge zone 515 is radiated by a wave transducer 506, connected to a
source of mcrowave power 507. As a source of mcrowave power, it is
possible to use, for exanple, a magnetron connected through a ferrite valve
508. Figure 5 further shows a hydrodynam c radiator 518 in the formof a
menbr an@07dl]aced Gersérdgl yt, Hber speed off abaubdrwa08 inca biphasc gireaot s t he

honogeni zati on of the piphasic stream After passing.the di scharge zone
515, tHBUG dﬂa@r@%&ﬁbegfnﬁfa%\ﬁ@eﬁeﬁtgﬁa 59&#'?%00(%\@9 %ﬁe"%'%ﬂﬁémre 7 where

it con | nglezhph t I enabl es a systemto

cont ro%?ﬁgﬁ%bgs suer%eB?r?s?@%ﬁgﬁﬁé\é%gﬁ@eggg[%gﬁgﬁhe i nvention provides the
basi ¢ nmet hods and apparatus to carry out a plurality of applications, each
of whi be signed to reach a specific¢ goal. The als_of applying

ol asnm AP cl es 105 SRR BREF AR o GhiREtne sheBitbicsaind il on
may be,p@gq'g P azFaeHA tQd eadiip epf§lowss of one
or nore surstggéh:detgc. Iggéot g’r ae?b%d?%@ﬁtéga(tﬁth%%ogl Cr!rjeltyg%g%tolrellg synt hesi s of
new pr ddu bsplsasictmivgturecoh aimi dméhiwaierd whierepthes eatioi of patidleslsinoesk is Yet ,
in other enbodi ments the goal may be a conbination of both breakdown of one

set of iRshgoinge fhi0.& yHAihdde FRgedidfen sprpduwEYe iond e HmyEsiohG

engi nodpr 180 Faft e FoBlorP pRLuRLRBLITSS B PhaBsatse S Evrrduriui ng
the neans to generate plasma in a highly controllabl e environnent
surrounding a liquid, the invBntildn coféhnst tfe)hay to numerous applications

whose goal may be to breakdown sone substances, for exanple, in order to
renove toxins fromwaste water, the synthesis of nolecules such as the

f or mat if007&f] nol echdrd " Hydiogke vwilume offigjasabiroandf™ et is thd®olume of
2011/ 098918PCT/ 1B2011/ 000433 Met hod and Apparatus for Sanitizing Water
[ 0083] WRiarnJ&ie MIRIPLEY iV@dde Hf et oA seusgsiseAV fror's @itsyqliaee iragowds er .

anove. GRS iR BBl Mo el Bhectl g R BB B tsellal et >
| qui dmE@ddsoMegetd8di nvention's teachings, provide a suitable environment

for ridding water of biological agents that may pose a danger to a
consuner. [0084]Figure 6 is a flowhart diagramrepresenting steps of

i 51 96079, 12 Sh 4RGRSRAIAREGS Mid Ih A Eshomabpbibhe bpenthg). A

step 6 er supply potentia ai ni ng- ha bi"ol"ogi cal nts

is broggbh e carfedi ditebyirpeapyséastivekdwiane, Witervea Fiow prétsaré10 may
i nvol ve other steps of pretreatnent conprising filtering, decanting, m Xxing
wi th clebrupblysstaiilizes with shadrack ppessung; evitlhaespect to the desired

effects on the fluid.

[0078] Figure 3 shows a cut-through representation of a portion of a
system for applying plasma to a liquid in accordance with an embodiment
of the invention. The liquid 301 in the pipeline 302 flows from a zone of
high pressure P into a low pressure zone in plasma chamber 303. The
transition from high to low pressure transforms the single-phase stream in
the pipeline 302 into a biphasic high gas/liquid ratio stream inside plasma
chamber 303. Electrodes 304 and 305 are positioned inside plasma

chamber 303 according to the needs of the intended application. The
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[ 0085] At step 620, the water is injected into a reactor (as described
above) to create a biphasic mxture containing liquid droplets suspended in
gas. The weaotwmsaenpri ses a pair of el ectrodes that arecwaBzhii/eoouss gger

pl asma i nside the reaction chanber. At step 630, plasnma is created, for
exanpl e, by passing a high voltage electric current through the el ectrodes.
Mul tiple water disinfecting factors acconpany the creation of plasnma. Anong
the disinfecting factors are: ultraviolet radiation (UV) , infrared

r adi at iebectrofes areocennpectechto ahemkraef olivoltagenitatvptonadesngnitior andst ance,

i he. ci fi b 200 2000. |t/ W with
oo S T RBabCe b G A e LT HONADA PSR BB6RAFaS aNEelPRsSiRgd | n
the DI SRETEBAIHES 200 78114 OVAANEBETLL B2 RO, AORRRMIANY Sohe B O

ists a summary | SinTettants produted”in the presence of ptasng,  and

the exppgctte SR Nteref ittdonddidscbatktod sthgenrfrtdstnsiseambvalvegtaal
agents in the water. Disinfectant Effect Disinfection Result U V. Radiation
enables a system to control the pressure inside the chamber.

[0079] Figure 4 shows a cut-through representation of a portion of a
system for applying plasma to a liquid in accordance with an embodiment
of the invention utilizing a hydrodynamic transducer. In an embodiment of
the invention, the hydrodynamic transducer may be diaphragm 416 and a
pipeline 402 zone of bigger diameter that improve the generation of a
biphasic stream by increasing the gas/liquid ratio of the stream passing
through the diaphragm 416. Electrodes 404 and 405 are positioned inside
plasma chamber 403 according to the needs of the specific intended
application of the invention. The electrodes are connected to a source of
voltage, which provides ignition and maintenance of burning of the
stationary plasma discharge. After passing the discharge zone 415, the
biphasic stream flows into a narrowing zone of pipeline 417 where it
condenses back to a single-phase stream. Valve 414 enables a system to

control the pressure inside the chamber.

[0080] In applications where the use of metallic electrodes would be
undesirable, for instance to avoid the transfer of metallic ions from the
metal of the electrodes into the liquid, embodiments of the invention may
utilize high-frequency (HF, UHF) and/or a microwave discharge (MW),
which further allows for delivering a higher power of discharge without loss

of stability.

[0081] Figure 5 shows a cut-through representation of a portion of a

system for applying plasma to a liquid in accordance with an embodiment
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Di srupting DNA and Bl ocking protein synthesis disrupting m croorgani sm
reproduction killing m croorgani sns through bl ocki ng expression of

pr ot ei ns woRoRansasi on Rai sing tenperature Kkilling m croomgzani/smasx hr ough
coagul ation of proteins (e.g., enzynes) enhancing the efficiency of other
di sinfectants U. S. Vibrations Mechanical shearing Mechanical destruction
of m croorgani sns

of the invention utilizing a microwave power source to generate an electric
field. In the example represented in Figure 5, a hydrodynamic transducer
516 may be utilized and a pipeline 502 zone of bigger diameter. The
discharge zone 515 is radiated by a wave transducer 506, connected to a
source of microwave power 507. As a source of microwave power, it is
possible to use, for example, a magnetron connected through a ferrite
valve 508. Figure 5 further shows a hydrodynamic radiator 518 in the form
of a membrane, placed inside the reaction chamber 503 to further promote
the homogenization of the biphasic stream. After passing the discharge
zone 515, the biphasic stream flows into a narrowing zone of pipeline 517
where it condenses to a single-phase stream. Valve 514 enables a system

to control the pressure inside the chamber.

[0082] The invention provides the basic methods and apparatus to
carry out a plurality of applications, each of which may be designed to
reach a specific goal. The goals of applying plasma particles to a liquid are
numerous, and each specific application may be designed to produce a
chemical reaction leading to breakdown of one or more substances. In
other embodiments the goal may be the synthesis of new products starting
from initial products present in the feedstock. Yet, in other embodiments
the goal may be a combination of both breakdown of one set of compounds
while synthesizing other products. One with ordinary skills in one or more
areas of expertise such as plasma physics, engineering, chemistry and
biochemistry would recognize that by providing the means to generate
plasma in a highly controllable environment surrounding a liquid, the
invention opens the way to numerous applications whose goal may be to
breakdown some substances, for example, in order to remove toxins from
waste water, the synthesis of molecules such as the formation of molecular

hydrogen or a combination of both.
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Ozone Oxidation Breaking cell wall of mcroorganisns affecting nucleic
acids of mcroorganisns Table 1: Factors present in the reaction chanber
in the prweencmoedispl asma and their disinfecting effecteconshiobmgsxal
agents. [0087]Due to the proximty of plasma to the biol ogical agents
contained in the liquid phase provided by the invention, several agents
that are known to have disinfecting effects are generated directly in the
mediumin the maxi mal cl oseness to biological contam nants. [0088]Rigid U/
| i ght (Methodhand Appsairatyshfor Samitizie’g Watee f or
[0083] The invention provides a method and system for disinfecting
water. The conditions created inside the reactor in the presence of plasma
(see above description) in combination with the application of plasma to a
liquid, following the invention's teachings, provide a suitable environment
for ridding water of biological agents that may pose a danger to a

consumer.

[0084 ] Figure 6 is a flowchart diagram representing steps of
disinfecting water in accordance with an embodiment of the invention. At
step 610, a water supply potentially containing harmful biological agents is
brought to a disinfection system embodying the invention. Step 610 may
involve other steps of pretreatment comprising filtering, decanting, mixing

with chemicals and/or any other step of pretreatment.

[0085] At step 620, the water is injected into a reactor (as described
above) to create a biphasic mixture containing liquid droplets suspended in
gas. The reactor comprises a pair of electrodes that are used to trigger
plasma inside the reaction chamber. At step 630, plasma is created, for
example, by passing a high voltage electric current through the electrodes.
Multiple water disinfecting factors accompany the creation of plasma.
Among the disinfecting factors are: ultraviolet radiation (UV) , infrared
radiation (IR), ozone and the shock of ultrasonic vibrations. For instance,
using the parameters specified above (200 to 2000 volt/cm), UV with
wavelength about 320 nm and IR with wavelength 840 nm are generated in

the plasma chamber.
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destruction of biological agents. As the pressure of the electric field
increases (i.e. its shift to the top border of the range of pressure

speci fi edwvakounggaA80 to 2000 volt/cm) the wave | engt h eCTB20i/0R0E8
nanonneters and |lower tends to steadily decrease. In the latter case, a

hi gh concentration of ozone is generated in the plasma chanber. WO

2011/ 098918PCT/ 1B2011/ 000433 [0089] U trasound (US) wth frequency 15 to 40
kHz is able to deactivate biological agents. In this case, initial water
nmoves t[BOB&dh a H’yﬁhiedly,riaedbavthistssajsummawooft tisipflextants pootheced Thdhe
hydrodynam c tra Tcer relimnar sted o, the ab Ve range of
frequerRFﬁé@nﬁ‘ﬁdoza)P %$r§@rpl at&inBXPERL éFﬁra cEN®02PP C?Fiof‘hé)

pl asma ntion utilize el ectrodes nmade
from sucﬁﬂﬂ%(?%lnggg)?gcﬁgg ;E%{Erftésml uEndﬁée\\/’\\)hﬁéﬁ may increase the

anti bacterial properties of the treatnent. The introduction of rod-Ilike
electrodes in a discharge zone results in a saturation of water by ozone.

Due to |t§l§1ﬁ1gpﬂam ox| di zi ngrpdcpprerti gs and ef f epigipRedidiERREAENEM Stry ¢
bi ol ogl cal agent, ozpne is extrerrely effective for ﬁe i nactivation of

bact er | ayapd [ ectrig
current UaV %gagt?{os%h;gg%%%g é’éleaﬁ?ac 9 ﬁﬁ%E&Séﬁggﬂ% 1ro(aI"Ct\?Avave | engt hs
fromult raV| olet to &T'S obse re illinglinécro@tireismp thoomihetso dkirey
formation of chenicall y§}h5 Pive parti gl %gpﬂegs@{afslﬁgteaﬁd inaliquid. By
varying acoustic and|electric paranetlers, it is possible to control th
wavel efgt iR Wadldign en| t ReGin adhirkar, |t Hﬁhlﬁ?ﬁ?&@éﬂgﬁﬁsﬁs er hSRBEhIAGEA S
ultraviol et radiatiop Iocated at 300 |t 15@ Oreﬂ%;l‘fr‘ ? he radi atign
spectrum The |atter|also favors water anltlz i o nce ultraviol et
penetrates an organi smcell wall di sriuptingcingshgehieicncy ofattberi dadinfef082] The
hydr odynam c transdugcer generates anfultrasonic field in

U.S. Vibrations | Mechanical shearing | ® Mechanical destruction of microorganisms

—

Ozone Oxidation ® Breaking cell wall of microorganisms

e affecting nucleic acids of microorganisms

Table 1: Factors present in the reaction chamber in the presence of plasma and their
disinfecting effects on biological agents.

[0087] Due to the proximity of plasma to the biological agents
contained in the liquid phase provided by the invention, several agents that
are known to have disinfecting effects are generated directly in the medium

in the maximal closeness to biological contaminants.

[0088] Rigid UV light (with short wavelength) is most effective for
destruction of biological agents. As the pressure of the electric field
increases (i.e. its shift to the top border of the range of pressure specified
above (200 to 2000 volt/cm)) the wave length of UV of 200 nanometers
and lower tends to steadily decrease. In the latter case, a high

concentration of ozone is generated in the plasma chamber.
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the nedium which provides an accel erated nmass transfer of the plasnma

di scharge products (ozone, atom c oxygen, oxygen ions and other oxidizers )
to the mwoaeorgasiisns and pollutants. This way, the pl agoa/r82mEchaige
products affect the m croorganisnms and pollutants in a short anount of tine
and the sanitization is efficient. WD 2011/098918PCT/ 1B2011/000433 [0093] A
reactor in accordance with the invention, nmay in addition to produci ng each
of the disinfecting agents (e.g., ozone, ultraviolet and ultrasonic waves
etc.) 4D68®] al sdJlprasdueal t (AdS pr wildr efrefjueineyl at3 eto agntldHzi iaul akleedos| y.

A conbi pation of two or nore of fthese agents.i.s even nore effective at
sani t i Aeagtivater bialpgical (agents e sﬁlﬁ %ﬁﬁm"ﬁpﬁﬁé’.\’aﬁfo@%ﬂ/ﬁ rti\FPHEJ@t a uw)

l'i ght i ir t: t] i afl it t 10
it o G RRTE, SPaGddt hATCHNE" blashid Sheftihet. ¢ TR, HRRSERRC o,
have bepmddawer hedy $rvpralimilegadesijusdéd tghthepabet/eataargd bf feehlieheids

di srupts Deoxyri bonucleic Acid (DNA) and Ri bonucleic Acid (RNA), which
suppor ancheay aisyelana kietiess pbancenkrancgenezzle tionthe phasroa charmber.
organi sm thus preventing reproduction or killing the cells. UV treatnent
does not after water chemcally. Nothing is being added except energy.
Under i[068I0]condiBrbodimekits r efit thentineantiorowtilezegreatbroddsamaé® festmct i on
of all bacteria. [0095] Czone i s produced. when oxygen (02% nol ecul es are

di ssocistcBd n@gtaﬁﬁ 3R eTINErs Qlir EBaNky, o‘&(?tféh rapy N d€@Ssu @@qﬁ@Hbﬁ?t@’é@h i de

with a I u gas. .0 0 | 1s _used
Yo di oPnPEEIfadt TR, BrectmShl Ihet T BHLEHER; o RLRKE Rlect RS 1" 2ha
deconpeRshdrgeeZ8ABMuIBXHY N shfurdatRIP of \AgRaMby0bzAma® DI 86 B Rl On;
it is very strong oxidant and bactericide. The nmechani sns of disinfection
usi ng axddigingcprajpertj@30esid difedc toroxihgatbioohemistryciof ohiaddgidad agentwal |
wi th | eakage, of . . . . .

ozone is extremely effective for the inactivation of bacteria and many kinds

of microbes.

[0091] At large amounts of electric current of the discharge, intense
radiation in a wide range of wave-lengths from ultraviolet to infra-red is
observed. The latter promotes the formation of chemically active particles
in plasma and in a liquid. By varying acoustic and electric parameters, it is
possible to control the wavelength of the emitted radiation, thus generating
a wide spectrum of ultraviolet radiation located at 300 to 600 nanometers
in the radiation spectrum. The latter also favors water sanitization, since

ultraviolet penetrates an organism cell wall disrupting its genetic material.

[0092] The hydrodynamic transducer generates an ultrasonic field in
the medium, which provides an accelerated mass transfer of the plasma
discharge products (ozone, atomic oxygen, oxygen ions and other oxidizers
) to the microorganisms and pollutants. This way, the plasma discharge
products affect the microorganisms and pollutants in a short amount of

time and the sanitization is efficient.
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cellular constituents outside of the cell. [0097]- Reactions w th radical

by- products of ozone deconposition. WD 2011/098918PCT/ 1B2011/ 000433
[ 0098] - Dmomga/mevishe constituents of the nucleic aci dspCpuBimesooassd

pyrirnidines). [0099] When ozone deconposes in water, free radicals,
hydr oper oxyl (HO2) and hydroxyl (OH) are forned and have great oxidizing

capacity, which play an active role in the disinfection process.

It

such as

S

generally believed that the bacteria are destroyed because of protoplasnc
oxi dat i[0093dsul t ilhgedatarein agabrdained wikhrtte amvenBonpohami im addimmdes of

ozone disinfection are thatec%ig#e i.S nore eff?ctive than chlorine in

B nf QFONSs | HHA 4Ok afNReed

dest r oArRgUEING seachingf Hh& CEHRPe a9CE R0

{000 LAFRNBHIC LR LLR13 IBREDAY HoRFRR U TARIESof PE dhtter g iits

ozonat 1 on, erels nor croorgani sns, excep

pr ot ectsgthubdbaridtuIar Al comligation ¢heveast ;orat 6f tisddeealents is even more

effective at sanitizing water, since the effects are cumulative.

[0094 ] Ultraviolet (UV) light is the spectrum of electromagnetic
radiation within the scope of 10 nm to 400 nm. The possibilities of using UV
light for water disinfection have been known for several decades. UV light
penetrates the cell body disrupts Deoxyribonucleic Acid (DNA) and
Ribonucleic Acid (RNA), which support the storage and expression of all
genetic information in an organism, thus preventing reproduction or killing
the cells. UV treatment does not alter water chemically. Nothing is being
added except energy. Under ideal conditions, UV treatment can provide

greater than 99% reduction of all bacteria.

[0095] Ozone is produced when oxygen (0:) molecules are dissociated
by an energy source into oxygen atoms and subsequently collide with an
oxygen molecule to form an unstable gas, ozone (0s3), which is used to
disinfect water. Ozone is generated onsite because it is unstable and
decomposes to elemental oxygen in a short amount of time after
generation; it is very strong oxidant and bactericide. The mechanisms of

disinfection using ozone include:

[0096] - Direct oxidation/destruction of the cell wall with leakage of

cellular constituents outside of the cell.

[0097] - Reactions with radical by-products of ozone decomposition.
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[00101] Infrared radiation (IR), such as |asers, may be used to sterilize
bacterial spores on netal substrates. For exanple, Baca (US Patent

6, 740, 244vB2)11ci9sBoses a near-poi nt near-infrared | asercraBani/vooezs ment
apparatus for use in dental hand-pieces was disclosed. [00102]1n

enbodi nents of the invention, IR sanitization is acconplished thermally by
the plasnma discharge that irradiates the water streamw th infrared rays
containing far-infrared rays, thereby rapidly heating the object's surface
to be 48098]zed t-oDbhetdgéd toethecanstitgents of ddeenialeif Grids](purtdedhand V.
Assaoul and, B. Spesivtsev in "Application of Laser |Induced Mcro-Blasts for
Li qui d PYYNHIIBEBY on" (Mbdel 1ing and Sinulation WO

2011/ 098918PCT/ 1B2011/ 000433 Soci ety of Australia and New Zeal and

Conf erence, 1997) shows that microorgani snms can survive in conditions of
steady pressure up to 100M Pa. Nevertheless in pulsating pressure this

I d jcally. F l e, w.th f . 50Hz, d
a1t GROSH T WPIVRER Sone: (e eSesadn a atEor ok EAHIERRY cSHEN @ ect
Si . . i ; . ! . 1000
i oo EVSRBPRIRcyPACRE Gl St FONY sy R dtl nieeBract, SXRIZibe™ .
dest r ucapacityf, bdatitkr ipfay sapossitiles. rolbeire tlse adisihfextitfn nprodasy. plesisur e
anplitude (AP) required to affect m croorgani sns, which is characteristic
to eaclgehesally believeshdhat thet bagiaria aéﬁrfgfﬁf‘rtﬁ@mdl bgcay s of Aratoptasmis4o,

the bi piAghGioR redtiling iR PNaIPaghdransRl &

[00100] Main advantages of ozone disinfection are that Ozone is more
effective than chlorine in destroying viruses and bacteria, there are no
harmful residuals that need to be removed after ozonation because ozone
decomposes rapidly. After ozonation, there is no regrowth of
microorganisms, except for those protected by the particulates in the waste

water stream.

[00101] Infrared radiation (IR), such as lasers, may be used to sterilize
bacterial spores on metal substrates. For example, Baca (US Patent
6,740,244 B2) discloses a near-point near-infrared laser water treatment

apparatus for use in dental hand-pieces was disclosed.

[00102] In embodiments of the invention, IR sanitization is
accomplished thermally by the plasma discharge that irradiates the water
stream with infrared rays containing far-infrared rays, thereby rapidly
heating the object’s surface to be sanitized to lethal temperatures for

bacteria.

[00103] S. Gribin, V. Assaoul and B. Spesivtsev in “Application of Laser

Induced Micro-Blasts for Liquid Disinfection® (Modelling and Simulation
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solution, as described above. A test for the effectiveness of the treatnent
may be conducted at step 650. If the water is found to have been

di si nf ectwd 20m/m@s8@|ati sfactory | evel, the water is them pcpas2mubooass t he
system (e.g., disinfection station) at step 660, otherw se the water nmay
optionally be punped back into the reactor for further treatnent.

[ 00105] Experi ments showed that follow ng a discharge of electric current of
150 nriAto 5 A the growh of mcrobes conpletely stopped, as well as

wat er \ieecietyf eoft | Aestratiasiandecled fZeatasaheCogfarenck, vilb8gs shtoveer thldnsi ty

is, thus, around 8 kJ/kg. Test experinments with ter sol utions_of
Escher TBISTROEGANISQES CaBI $YrviVa M CanAiBeRs<of akeady RESSSWaHDdR 00N Rar

e TYEAENLIS. S ik ofhg 15 SLSEUSERE e Bfbcrfndleat o R on
di schareg@napls. withe areeeqeendp ¢rRBOH)oundatsiituide EdPRIPaoforfs to 10

colonies-formng of units after 5 mnutes of influence that corresponds to
wi t h diseeondsiia® scoijthpooissyr hactasitidalaetfect.18iz26 uspecefoft a ednaaknwavieo

Escheri.chia co]i s, found in. sanples. ,.after .15 m putes and

o ocde Aot du 8 uaatins s Bicthib s TORD riass iogelfho s Eherasiarer
case, I i 2 H&EHEH Qj& f si. for
10 daygﬁ%o@ﬁ%?F%Q%é%é?gﬁﬁé&Pﬂe mcreggfe) o) E%é@lt%@icﬁ%ﬁg s

di schampgssililet THera isea valuehef tranimoab i presstirgramplitude (&R )erequisdt o

si ngl e passage of a solution through a discharge zone. [00106]Figure 7 is a

bl ock d@ftRftamicqraaenimsg Woighoiferharacterishic tencaabaye @f ERMI AvENtS on
that 1 SSrEREL SPRIEERBIR (o be) contam nated wi th biol ogical agente.
Such a source may be part of a grid of distribution of water the sterility
at t ack) 003D narir STeReaD. LB BPHAS G, strésubiis Diouaop3ckvks )3 wisker

vat er %Wu@&nf%&%ﬁ@%@ﬁ’b@& Q5508 i\ofésac”?c{}ﬁEﬁé’ éﬁé{ti\%’r{é‘o’% 8E4h%nﬁ@att€r§|?cof or

consunpti on. System enbodying e invention nmay be utrln1z

treat waagr behaondudtedt Gtbgtes BB0a U itthearwlatr ii9 Popid@nto ahaoe eeper .
For exanple, an apparatus enbodying the invention may be portable and
sel f - r glisiafiectiesk tenér gaticéectany| avelantha svatgralis ethgmwpiRedgouh of rtegot e

wator RUSURRT (P cSHIRKEOR, SEHEGR Atk R & G SUPErG Sth e en e dRao |~
nor CSEFRAY b ML bokkIALTRAL. reBcRSK GOt RBE ShEMAr SY St em of

di vi di ter froma main source of water to supply a
plurality of apparatuses enbodying the invention.

[00105] Experiments showed that following a discharge of electric
current of 150 mA to 5 A, the growth of microbes completely stopped, as
well as water was effectively disinfected from some types of viruses. Power
density is, thus, around 8 kJ/kg. Test experiments with water solutions of
Escherichia coli (E. coli) and Micrococcus luteus have been carried out. The
increase in a current of the discharge up to 5 A led to the termination of
growth of bacteria after single passage of a solution through a discharge
zone. The made crops have shown authentic reduction of colonies-forming
of units after 5 minutes of influence that corresponds to with direct
microscopic observations. After 10 minutes of treatment, no Escherichia
coli was found in samples. Then, after 15 minutes and Micrococcus luteus

was also eliminated. The treated water, in the latter case, remained germ
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[ 00108] Bl ock 700 represents a set of conmponents of an apparatus enbodyi ng
the invention that carries out the nethod steps described in Figure 6. The
appar at uswoay1/msdigde one or nore punps (e.g., block 71@rTfiBzo1i/n@asst erri ng
water froma source. The apparatus may include one or nore heaters 720 for
heating water before the injection of the water into the reactor. The
apparatus may include one or nore high-pressure pipeline 730. As descri bed
above, in addition to various devices high-pressure WO

2011/ 09824 $Cat 1&26t florOD0 458/ scstraneidbatt egomotemmperatunss. ofmatincarease ohe wat er

streamfromliguid gnly to a m xtuy onprising Jiquid and gas.

[ 00100 TG ofihe divettares in tonich Jed TAdine bdamatian of SodiT-0f ¢ he

di si nf i : I i t 1 dr ops of
weter CRerR et SRR o <R P B BB Skt 208 & 07 o e
factors inside the reaction chanber nmay be produced by the creation of

pl asna. par at us_enbodying the invention may include one or. nore heat
Exehand@PE RS, Fiiiest 858 phSck plaqraBiertgar Hing G BONET ISP bring t he
t emper i lhrdssde ' e | ge of

t he wat% ggfﬁﬁ%m@%@ gﬂhé&c\éﬁhﬁﬁ\ﬁgt%r has \@%%é&e%éeryg??ggﬂba%éetkoﬂ?ngl e

- 11 qui deppbsarts & Bounet of firayh eatdrethietdsfpotetitiEl Y ot knowat to tiegncy. Vat er
(or a portion thereo_fﬁ1 t hat has been subnmitted to a plasma treatnent may be
r et ur n€é@NtAMINafesd eyt 669'%@'@%@%’53@@% @ PG MY Betpart abaignidofi ¢

For ex I I A . i f the

syst et T s BT SLET. f uCh BBV IFEVE R o eshmonent s
upstregm@f 4§ reeant 6f a tePPIAN hftachyeor WhAREUmI WatdédGidey (€., a

appar atuses enbodying the invention afe connected to a system of water

di stri bell,dakef or risreahmpyieosd erateronaygi be suspeatizaof beidgarontaninaitgdng t he
treatnment, capacity,, the water fromthe apparatuses nmaybe streaned through
one or WEh & rmﬁMUBFBitﬁéFWn‘é?n?'ém@E@M ed by block 760, which collects
the treated water and streans the water to the water distribution network,
as represented by block 770. Block 770 alternatively one or nore water

st or ageOR4@7di st A pustieim eredeslyirgd ghe inyersioammaeber vilized tojtweat 1] Fi gure

8 1s a bl Qtkrliad ARASRE B A WidaPtibe R Oheatid b manner. For
example, an apparatus embodying the invention may be portable and self-
reliant for energy (see below) and is capable of working in a remote
location to provide consumable water. Furthermore, a system for sanitizing
water may utilize a plurality of apparatuses embodying the invention to
increase capacity of water treatment. Block 704 represents a system of
dividing the flux of a water from a main source of water to supply a

plurality of apparatuses embodying the invention.

[00108] Block 700 represents a set of components of an apparatus
embodying the invention that carries out the method steps described in
Figure 6. The apparatus may include one or more pumps (e.g., block 710)
for transferring water from a source. The apparatus may include one or
more heaters 720 for heating water before the injection of the water into
the reactor. The apparatus may include one or more high-pressure pipeline

730. As described above, in addition to various devices high-pressure
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enbodi nent of the invention at a |local |evel where the water source is a

| arge distribution network and an apparatus enbodying the inventionis WD
2011/ 0989w 6RGI/mBAe11/ 000433 utilized in proximty of treTapraunma33 One of
t he advant ages of the apparatus of the invention is its versatility and
adaptability that allow a user to install an apparatus at many | ocations
for convenience, and install nultiple units to increase capacity and/or
provi de redundancy. [00112] A typical exanple the representation of Figure 8
may semcoatiibuiee o viheetranséatmeabioni of tes iwatkratreaoufnoed latuid dnlydio aevel
(e.g., nulti Ie-dmeljinﬂ buj ! dings or single houses). In the latter case,
one or’ﬁB¢Hréﬁﬁﬁ?BF§§E% ﬁﬂﬁi@@di @%alled in each location at the |atest
stage of the water distribution. [00113] Bl ock 810 represents the main water
supply source, such as city's water treatnent plant. Block 820 represents

t he watl@P 185t ri BRloCk 74 seeresemish seaged whgredlasmscis craatetdoandsthepl e,
of a tejrorist attack using bip;active agents.that ke.the water

unsui t SHPBTRGHNG L& bR aShA COMS I S3nee Bt Hof ehPPsint s are
in the Iy i o) 1 e t or age
ond d S that LOh R hER D ea RIHCRRENE dAAChibies SBOTY "ohe TR HitFes. O het
suppl i dactmasdnside be Irdaotion dlambeanmplay. béipradpaedt by thetoréption dhe

i nvention, as represented by bl ock 700, may be installed between the main
vat er  RlPPN@. 1A apPasatygierdbadving EheiryeNHAR; MR YnECHd & oRie A NerR

pe ¢ he RS febtr B 25071 sl kb BrhaRE MiFul Stiigedieln from
the comyiflthé tetnpeitdttir@df the water to the level used for delivery to later

stage of the water supply system. Once the water has been reverted back

to single -liquid- phase, the water may be checked for disinfection

efficiency. Water (or a portion thereof) that has been submitted to a

plasma treatment may be returned in a closed loop to the reactor in order

to further sanitize it. For example, a closed loop circuit may be designed

between any of the system's components downstream from the reactor

with any of the components upstream of the reactor.

[00110] In cases where a multiplicity of apparatuses embodying the
invention are connected to a system of water distribution, for example, for
providing redundancy and/or multiplying the treatment capacity, the water
from the apparatuses maybe streamed through one or more flux
converging means, represented by block 760, which collects the treated
water and streams the water to the water distribution network, as
represented by block 770. Block 770 alternatively one or more water

storage and distribution means (e.g., tanks and reservoirs).

[00111] Figure 8 is a block diagram representing a system for using an
embodiment of the invention at a local level where the water source is a

large distribution network and an apparatus embodying the invention is
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[ 00115] Figure 9 is a block diagramrepresenting conponents of a system

i npl ementing the invention that relies on solar energy to provide water

sani t ati om0 20h9BEBt er system may be powered by an arr apcofiB20d€000433

2011/ 098918PCT/ 1B2011/ 000433 photovol tai c panels (e.g., 910) that capture
light (e.g., as represented by block 900) and convert light into electric
power. The system may include a set of backup batteries (e.g., as
represented by block 940) for operation while sun light is unavailable. The
syst emutdizedt in prexiphiby ofditeacenpamers Jree @f tKeGiNNRayed of Kie 210GH 2PH,

16%efficiency; to capture the ener fromth un and transformit into
el ect r i@PRREYS Of dherlsvension @Gsr\@g)l/ség'LEY :@@%é@@Fa Wby thakhloMb Rt r ol uni t
that mapagas, RRRSH 3HBRbYrd:s BE aAFToCAsbAL 6F IBRYARRAAL Usnd fstdIRnages
storing power In the ery se , and recovering batk €l ectritT power

from t kaulfileainits €d. invkeaseneagadity tahdyoreprdvide Waldeidaityt, i zat i on
apparatus. The electric power 1s used to power up the system and

simul taneously to charge the battery array (e.g. AGMV Deep Cycle, 24V 480
AN TeoRQWA! SYPRINICANExBATSIEInd RbrdseritBERIESF MiduTeds GRbY g esis cul s

that provide the capabilities managli ng water treatnent, electric power
suppl y wipemevateraragbmeant ipaesirec oovequifadat Ehiwdahtieeel @sg., Thalpipher

supply and control unit may receive a plurality of information data (e.g.,
950) i veellieg Reildiegs: af él%ﬂ'@eﬁ@#frﬁ@e IBdﬂ"IehJeﬂtt@'aﬁﬁﬂ@t eng Yt Myyé€r ati on. For

cxarm) S5 JEOHP e Bl IE T AT SR8 0 S B T
syst enygatR@rdigtriBagén(e. 9. . | owering energy requirenent). [00117] An

enbodi ment of the invention may be designed to serve humanitarian m ssions.
For exanple, in renote |ocation where electricity is unavail able, and water

sour ce ec i e I r QA Lakabl e

wat er jg@gﬁggmﬁ??@%??gﬁ%%@%emésfﬁmﬁgerﬁgggp%%@?R:‘C@égsg,{)ﬁ ?? ies in

addi ti eityto wdterreeatrhenttplant.oBlabks8 RDa@pragentd etie watethdigtrdbbeioabl e to

endure a heavy duty operation regine, extrenme climtic conditions (e.qg.

hi gh t Sypken Beid skrgefumay b@,aﬁ@e@hm, ferasyaRplanehi@ eemerisy atiadnd al one

and unattended cqnti nuou% (%P]eEati RD, . .
using bio-active agents that make’'the water unsuitable for consumption.
Furthermore, because once biological agents are in the water, they can
reproduce and become hard to remove from the storage and distribution

systems.

[00114] Block 830 represents the water matrix that supplies water to
buildings, for example. An apparatus embodying the invention, as
represented by block 700, may be installed between the main water supply
to the building and the distribution network within the building. Block 850
represents a water distribution network. The latter may be the last water
connection that links a water disinfection station from the consumer in a

building.

[00115] Figure 9 is a block diagram representing components of a
system implementing the invention that relies on solar energy to provide

water sanitation. The latter system may be powered by an array of
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anong others. As an exanple the previously described enbodi mrent along with
a 30 n2 photovoltaic panel array could provide 6000 |iter per day of

sani ti zedwpavakisssat er, which could fulfill the needs eCTaB8d00opsr son
comunity. [00118] Thus a nethod, system and apparatus for permtting
application of plasma particles to a liquid providing neans to conduct a
plurality of application, such as water sanitization. WD

2011/ 098918PCT/ 1B2011/ 000433 CLAI M5 What is clained is: 1. A nethod

of applghotgvpltamraapais (elgas &l@)athatqmamtwerimhls(mg; 1 Be repepsented biyt ai ni ng
por t1 ot G S0 ol OpbiaE SANErBER SPaTi: Pawest dbnF el quay. ndlude 3 9°°
set of backup batteries (e.g., as represented by block 940) for operation
while sun light is unavailable. The system may utilize photovoltaic panels
(e.g. KYOCERA Panels KD 210GH-2PH, 16% efficiency) to capture the

energy from the sun and transform it into electric power.

[00116] Block 920 represents a power supply and control unit that
manages power supply to the water disinfection apparatus 700, manages
storing power in the battery set 940, and recovering back electric power
from the battery set, when needed, to power the water sanitization
apparatus. The electric power is used to power up the system and
simultaneously to charge the battery array (e.g. AGM Deep Cycle, 24V 480
Ah). The power supply and control unit is enabled with electronic circuits
that provide the capabilities for managing water treatment, electric power
supply, power storage and power recovery from the batteries. The power
supply and control unit may receive a plurality of information data (e.g.,
950) in order to accurately determine optimal parameters of operation. For
example, the throughput of the system may depend of the flux of water
usage, water reserve or any other parameter that serves to maximize the

system's performance (e.g., lowering energy requirement).

[00117] An embodiment of the invention may be designed to serve
humanitarian missions. For example, in remote location where electricity is
unavailable, and water sources may be contaminated, the system may be
able to provide drinkable water to a community. The latter system should
have other capabilities in addition to the main function of disinfecting
water: it should be able to endure a heavy duty operation regime, extreme
climatic conditions (e.g. high temperatures and humidity, monsoon

seasons, among others), stand alone and unattended continuous operation,
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igniting a plasma state in said gas portion of said biphasic m xture; and
obt ai ning a second stream of |iquid by condensing said biphasic m xture

f ol | owi ngwveabd/dognsti ng said plasm state. 2. Theroetbzd1/edo48d ai m 1,
wherein said step of obtaining said first streamof liquid, further
conprising obtaining a streamof a water sol ution. 3. The met hod of
claim1, wherein said step of obtaining said first streamof I|iquid,
further conprising obtaining a streamof |iquid hydrocarbons. 4. The

net hod ashongaotinets. Wseariexasapte theprevictspidesoyibea dnil:bmd;imemtr abonof
liquid, furth rising.conpressing saiq firs strea uid. WO
2011/ owm@éﬁ/@ﬁqw & panel aray-fRu &&rﬁéf Yttt Fﬁrlpe ePh said
step of, S m, of , r heat i ng
said fepoided paBR P“.J&E.F@W“%Ué& U et S SR HeT 5B,

conpri gopgnfigfity.ng said first streamof |iquid.

[00118] Thus a method, system and apparatus for permitting
application of plasma particles to a liquid providing means to conduct a

plurality of application, such as water sanitization.
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7. The nethod of claim1l1l, wherein said step of obtaining said biphasic

m xture, further conprising passing said first streamthough a nozzle.

8. The mewbadiwdsakai m 1, wherein said step of obtaini ngcsaBzhibo@hassi c

m xture, further conprising passing said first streamthrough a device for
atom zing said first stream 9. The nethod of claim1l1, wherein said
step of obtaining said biphasic m xture, further conprising passing said
first streaminto a chanber having an expandi ng vol une causing a drop of
pressure around said first stream CLAIMSO0. The nethod of claim1, wherein
said step of igniting said plasma state, further conprising applying a high
vol tage electric current to a set of electrodes positioned within said

bi phasiwhat x¢ atadmed is: 11. The nethod of claim 10 further conprising
sustaining said plasma state in said mxture. 12. The method of claim
1, wherein said step of obtaining said second streamof liquid, further

conpri si ng dqoAimgthaiddos eppidirsg fasma War2iklds 4988 IeREY ¢8AN3AiINPA33
13. The method of claim1l, wherein said step of obtaining said second
streamtbe $t&ps @f: further conprising separating at |east one gas fromsaid
mxture. . obtaingd RBPRLA Jroiq it vi N9 plasmm particles to a liquid

obtaining a biphasic mixture having a gas portion and a liquid portion
from said first stream of liquid;

igniting a plasma state in said gas portion of said biphasic mixture;
and

obtaining a second stream of liquid by condensing said biphasic

mixture following said igniting said plasma state.

2. The method of claim 1, wherein said step of obtaining said
first stream of liquid, further comprising obtaining a stream of a water

solution.

3. The method of claim 1, wherein said step of obtaining said
first stream of liquid, further comprising obtaining a stream of liquid

hydrocarbons.

4. The method of claim 1, wherein said step of obtaining said
first stream of liquid, further comprising compressing said first stream

of liquid.
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a feedstock input neans; a liquid atom zer for producing a biphasic
m xture froma |iquid-phase feedstock, wherein said biphasic m xture having
a portiomnwofoliigsdid droplets and a portion of gas; a reactraB2daviongs a pair
of electrodes; and a |liquid condenser for returning said biphasic mxture

to aliquid state. 15. The apparatus of claim 14, wherein said
feedstock i nput nmeans further conprising at | east one punp and at | east one
hi gh- pressure pi pe. 16. The apparatus of claim 14, wherein said

| i qui d at omxzeFhéunttbodcommtaisnnh, awhersihesaid step df. obtenapgaatus of
claim (]5_4, wherein sa]i_ d | ?#i d atom zer further _corrpri_(ii _n% a dia hra}gm
18. Théirgppdraeds dbsliquig, MurthegqreprisiBgdnepEnd St G fr2E St apth&
conpri Efiidlﬂda hydr odynam ¢ transducer.

6. The method of claim 5 further comprising heating said first

stream of liquid.

7. The method of claim 1, wherein said step of obtaining said
biphasic mixture, further comprising passing said first stream though a

nozzle.

8. The method of claim 1, wherein said step of obtaining said
biphasic mixture, further comprising passing said first stream through

a device for atomizing said first stream.

9. The method of claim 1, wherein said step of obtaining said
biphasic mixture, further comprising passing said first stream into a
chamber having an expanding volume causing a drop of pressure

around said first stream.

10. The method of claim 1, wherein said step of igniting said
plasma state, further comprising applying a high voltage electric

current to a set of electrodes positioned within said biphasic mixture.

11. The method of claim 10 further comprising sustaining said

plasma state in said mixture.

12. The method of claim 1, wherein said step of obtaining said
second stream of liquid, further comprising cooling said second

stream.
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WO 2011/ 098918PCT/ 1B2011/ 000433 19. The apparatus of claim 14,
wherein said reactor further conprising and energency val ve. 20. The
appar at uswofooll@sims 14, wherein said reactor further conmpCcraBrgl/av4Esner gency
val ve. 21. The apparatus of claim 14, wherein said reactor further
conprising a plurality of sensors for neasuring pressure and tenperature.
22. The apparatus of claim 14, wherein said reactor further conprising a
pi peline for separating at | east one byproduct gas fromsaid reactor.
23. The appdrat Ubeofnathaidmi4laiwhet ewheamgid saiacstep fafrobeaindogpsaisi ng a
nozzl e for adding ato%:?_ast_ one conpound directly into said reactor.

I

24. Thé®& AR B '&iUdF'zLR}Jr r EPANRESHN @ISERF'GHHI [l GRSt @BAFFSI ng

neans f i hi gh-frequency electric field. 25. The
appar atfﬁésngsggq qallhlm E,g'wher ein said el ectrodes further conprising neans for

generating an ultra-high frequency electric field. 26. The appar at us

m crowaves. 14" An-aBp8Paflys S8F ARG e R T ROUGRle Sondenser -

furthercofApRISigyng a cooling device.

a feedstock input means;

a liquid atomizer for producing a biphasic mixture from a liquid-phase
feedstock, wherein said biphasic mixture having a portion of liquid droplets
and a portion of gas;

a reactor having a pair of electrodes; and

a liquid condenser for returning said biphasic mixture to a liquid

state.

15. The apparatus of claim 14, wherein said feedstock input
means further comprising at least one pump and at least one high-
pressure pipe.

16. The apparatus of claim 14, wherein said liquid atomizer

further comprising a nozzle.

17. The apparatus of claim 14, wherein said liquid atomizer

further comprising a diaphragm.

18. The apparatus of claim 14, wherein said liquid atomizer

further comprising a hydrodynamic transducer.

39



28. A nethod for sanitizing water conprising the steps of: WO
2011/ 098918PCT/ 1B2011/ 000433 obt ai ni ng a bi phasic streamof a water,
conpri si yoheradissgyssai d water at the ingress of a react ecTiBzoauglv4an
atom zer, wherein said reactor having neans for applying an electric
di schar ge; igniting a plasma state in said biphasic streaminside
said reactor by applying said electric discharge; and condensi ng said
bi phasi ¢ stream of said water into a |liquid phase at the egress of said
reactor. 29.19A Theaapparatusi ofippairat L4, foheseaim saixd mgaakoefuckdrgrr i si ng:
means for receiving,solar energ nd converting said solar energy into

3R valy

el ect r iCOTBREWSHYY NS CECYr %aid el ectric power; and means for

treating a water powered by said electric energy, further conprising:
20. The apparatus of claim 14, wherein said reactor further

comprising an emergency valve.

21. The apparatus of claim 14, wherein said reactor further
comprising a plurality of sensors for measuring pressure and

temperature.

22. The apparatus of claim 14, wherein said reactor further
comprising a pipeline for separating at least one byproduct gas from

said reactor.

23. The apparatus of claim 14, wherein said reactor further
comprising a nozzle for adding at least one compound directly into said

reactor.

24. The apparatus of claim 14, wherein said electrodes further

comprising means for generating a high-frequency electric field.

25. The apparatus of claim 14, wherein said electrodes further

comprising means for generating an ultra-high frequency electric field.

26. The apparatus of claim 14, wherein said reactor further

comprising means for generating microwaves.

27. The apparatus of claim 14, wherein said condenser further

comprising a cooling device.

28. A method for sanitizing water comprising the steps of:
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means for atom zing said water to create a biphasic m xture having a |liquid
portion and a gas portion; means for applying a plasnma state to said

bi phasi ¢ woxbur®eseiand neans for condensi ng sai d m xt ur epcmiB2mi/biogss d

st at e.

obtaining a biphasic stream of a water, comprising feeding said water
at the ingress of a reactor through an atomizer, wherein said reactor
having means for applying an electric discharge;

igniting a plasma state in said biphasic stream inside said reactor by
applying said electric discharge; and

condensing said biphasic stream of said water into a liquid phase at

the egress of said reactor.

29. A solar-powered apparatus for sanitizing water comprising:

means for receiving solar energy and converting said solar energy
into electric energy;
means for storing said electric power; and
means for treating a water powered by said electric energy, further
comprising:
means for atomizing said water to create a biphasic mixture
having a liquid portion and a gas portion;
means for applying a plasma state to said biphasic mixture;
and

means for condensing said mixture into a liquid state.
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