ELECTROCATALYSIS WATER TREATMENT Technological Field The present disclosure relates to
methods of water treatment. More specifically, the present disclosure relates to the use of
electrocatalysis for the treatment and purification of water. Background Methods of water treatment
typically depend upon the type of water being treated. The broadest spectrum of treatments is used for
treating agricultural and industrial waste water. Treatment methods include biological, chemical,
physical, and oxidative methods. Biological treatment methods, such as the use of aerobic and
anaerobic bacteria, take a long period of time, and re%nre Iarglg areas of land and continual

maintenance. Physical treatmentﬁgggﬁm%]-&'rygﬁsw IR 1(]\’Q:(%I-Tmentary processes to treat the

water. Chemical treatment relies upon the addition of chemicals to precipitate pollutants or initiate their
gaseous release. However, physical and chemical treatment methods have low efficiency and may
cause seconl@ahpqlegisabReldrinking water purification typically employs filtration, chlorine, chlorine

dioxide, or ogRNErSUHEHRRISAN DR RRSYYAMBIRSAR BN GRS v itARIE{enwvales Ul UaligRalig, exeensive.

Chlorine gas can produce halides, which are dangerous to the environment and potentially
carcinogeni®fesehé Kliseastpodiplatee & diterine drixieledieerptashe faskibe hikaesoid@eton but may
result in higlamggig&qigpmygj's in the water. The chloride ions may interact with other ions in the water
to form harmful substances. Ozone is costly and if there is bromine present in the water, carcinogenic
bromate, such as potassium bromate may form. Purification of water used in pools, spas, ponds, and
fountains is I5;‘/,;3i((;ci';|}lcl)}g'paiarformed with chemical disinfectants, UV radiation, or ozone. These methods
may require

Methods of water treatment typically depend upon the type of water being treated.

The broadest spectrum of treatments is used for treating agricultural and industrial
waste water. Treatment methods include biological, chemical, physical, and oxidative
methods. Biological treatment methods, such as the use of aerobic and anaerobic
bacteria, take a long period of time, and require large areas of land and continual
maintenance. Physical treatment uses filtration, absorbance, and sedimentary
processes to treat the water. Chemical treatment relies upon the addition of chemicals
to precipitate pollutants or initiate their gaseous release. However, physical and

chemical treatment methods have low efficiency and may cause secondary pollution.

Drinking water purification typically employs filtration, chlorine, chlorine dioxide, or
ozone. Filtration can be costly as membranes suitable for water filtration are expensive.
Chlorine gas can produce halides, which are dangerous to the environment and
potentially carcinogenic to the human body. Use of chlorine dioxide reduces the risk of
halide production but may result in high chloride ion levels in the water. The chloride
ions may interact with other ions in the water to form harmful substances. Ozone is
costly and if there is bromine present in the water, carcinogenic bromate, such as

potassium bromate may form.

Purification of water used in pools, spas, ponds, and fountains is typically performed

with chemical disinfectants, UV radiation, or ozone. These methods may require



complex facilities and high maintenance fees. Chemical disinfectants can damage skin and hair as
well as aquatic organisms. New methods of waste water treatment, capable of treating any type of
waste water in a manner that removes contamination without the expense or chemical pollution
caused by traditional treatment methods, are needed. Summary The present disclosure includes a
method of water purification including exposing a quantity of water to an electrical current in a
container. The present disclosure further includes an apparatus for water purification including a
container; at least one electrode; and, a power sutpply, wherein the electrode is located within the

container arf@TRieI R4 Bigs E‘Sdgﬁtméiweaﬁ?ﬁ& B8P o R HE QiR fBRigntrHah ARsReRE SBlosure also

includes a systergifas WatesspiditiertipgansiHding an apparatus comprising at least one electrode
operatively connected to a power supply; a pipe operatively connected to the apparatus; a water

source operatively connected to the pipe. The foregoing summary is illustrative only and is not
intended to ReNaay, M6 LR @AAien iR the JUURIGH e RAFRESTS tHIB R NAEN (5o ek ieatures

will become apparent by reference to the drawings and the following detailed description. Brief
Description ®f DFAMAhJEE mMevakee s ETheatint vstirevaréhdessriied fsrelie il refldiee to the

drawings in é’xhé%'a by traditional treatment methods, are needed.

Summary
The present disclosure includes a method of water purification including exposing a

guantity of water to an electrical current in a container.

The present disclosure further includes an apparatus for water purification including a
container; at least one electrode; and, a power supply, wherein the electrode is located

within the container and the electrode is operatively connected to the power supply.

The present disclosure also includes a system for water purification including an
apparatus comprising at least one electrode operatively connected to a power supply; a
pipe operatively connected to the apparatus; a water source operatively connected to

the pipe.

The foregoing summary is illustrative only and is not intended to be in any way limiting.
In addition to the illustrative aspects, embodiments, and features will become apparent

by reference to the drawings and the following detailed description.

Brief Description of Drawings
Embodiments of the disclosure are described herein with reference to the drawings in

which:



FIG. 1 is a depiction of an embodiment of an apparatus in accordance with the present disclosure;
FIG. 2 is a depiction of an embodiment of a system of the present disclosure; FIG. 3 is a depiction of
an embodiment of an alternative system of the present disclosure; and, FIG. 4 is a depiction of another
embodiment of a system of the present disclosure. Detailed Description In the following detailed
description, reference is made to the accompanying drawings, which form a part hereof. In the
drawings, similar symbols typically identify similar components, unless context dictates otherwise. The
illustrative embodiments described in the detailed description, drawings, and claims are not meant to
be limiting. O%ret BRABSAIR SRR RO MDY Frith SR RIS GESTTAr Me MU GRIRSEPHeparting
from the spigisapsgepe of the subject matter presented herein. The present disclosure provides a
water treatment method and system that utilizes electrocatalytic oxidation. Electrocatalytic oxidation

allows for ofiGatfdh DERIGHAR LGN BBIRNGEN SR Pichristempbihsd eaprt Hisalpy Hfstals. Organic
compounds g §ecOMARSRHRIP GATAON AIRXIAR&AS ANSHNYAEPHSA 85 sAMMANIA SPRRRHNS can
oxidize into nitrogen and hydrogen gasses. Heavy metals can be oxidized and form metal hydroxides
that precipitéigclosyss #iewater and can then be physically removed. Atomic oxygen and hydrogen gas
generated dijeing {he RUACASR SALLSAMARERBIGREREEPS Qiseidarion Brcsuspeqdsgrtaminates in
bubbles on the surface of the water forming a foam that can then be physically removed. In
accordance with the present disclosure, an apparatus that includes at least one electrode is provided.

Waste Wateﬁgf‘arfl enisr tchle apparatus containing the electrode and contaminants in the waste water
can undergo e ectroca aM’ic oxidation. One or more apparatuses can be used. The waste water can

be recycled lthtbedbilavging ke tgiipdraess iptitransfienad s asquedtiat\t ik racgmheoyirgdoreiapparatuses.In
which form a part hereof. In the drawings, similar symbols typically identify similar
components, unless context dictates otherwise. The illustrative embodiments described
in the detailed description, drawings, and claims are not meant to be limiting. Other
embodiments may be utilized, and other changes may be made, without departing from

the spirit or scope of the subject matter presented herein.

The present disclosure provides a water treatment method and system that utilizes
electrocatalytic oxidation. Electrocatalytic oxidation allows for oxidation of organic
compounds, ammonia compounds, and heavy metals. Organic compounds can
decompose into carbon dioxide gas and hydrogen gas. Ammonia compounds can
oxidize into nitrogen and hydrogen gasses. Heavy metals can be oxidized and form
metal hydroxides that precipitate out of the water and can then be physically removed.
Atomic oxygen and hydrogen gas generated during the process can enhance the process
of oxidation and suspend contaminates in bubbles on the surface of the water forming a

foam that can then be physically removed.

In accordance with the present disclosure, an apparatus that includes at least one
electrode is provided. Waste water can enter the apparatus containing the electrode
and contaminants in the waste water can undergo electrocatalytic oxidation. One or

more apparatuses can be used. The waste water can be recycled through a single



embodiments where two or more apparatuses are used, waste water can enter the first apparatus at a
top corner and exit at a bottom corner then enter the second apparatus at a top corner. The
gravitational flow of the waste water over the electrodes and through the system can conserve both
time and energy. In some embodiments, waste water can be brought from an external source, through
pipes, into the apparatus to form a system. The external source can be, for example, a truck carrying a
waste water tank, pipes or tanks collecting effluent from, for example, street run-off, manufacturing or
production processes, agricultural waste water, and the like. In other embodiments, water may be from

a source coRBR#GHSTy ebnHaREER A heeappHats TRFAYERYy 449 Me5Er ARPRGH RTousIP connected

to the apparatiso Bk Ate Rl 8 ¥AMBIR, H paatuseaa RO ddeerative v ater lentdia sid the like.
In embodiments, valves may be used to control the speed and quantity of waste water moving through

the apparat@8RIFeSatitPoldr EHPFAVE PRV A AR SRISEHERIR LHAH Rt IR SR as, for
example, aryaig RLENELERA b@hféogm@%ml HBH: SheneQnHRL UDERR RS aRetliMebyconAgeted to the
apparatus(es). An embodiment of an apparatus for electrocatalytic oxidation of waste water is depicted
in FIG. 1. THerapgiataeusystenedndessavemeaihsimeantenetdtainer 12 can include an intake tube 14,
an outlet tube 16, a gas exhaust port 18, a cleaning port 20, and a discharge port 22. Inside the
container 12 is a reactor unit 24. The reactor unit 24 can include one or more electrodes 26. The
electrodes 26 samdemnbixiu eotsheveetectivrtanitUbieybnovehe dotiveasubseinabseucteatheopsliymer (not
shown) to secure trke ?Iectrodest26 to.the reactor uni} 24, The qlectrodes 2@ can includc? cathodes 30
pé%es, INto thé apparatus to forma system. he e[Pﬁ source can er I exam%e, d .
and anodes 28 Operatively connected to a power supply 32. The power supply 32 can be’operatively
connected torackaatrgingrat\d4std e cortaikeridy artekek{uoletdngetidteubé&d6, feackampiet 24 of FIG.
1 and pipes (not shown) can bfe made, for example, of stainless stqel, r other non-reagtiKe metal or a
_ . S re?t run-o. manu e{cturlnﬁ%r proaduc cind)rocesses agricult r%wa te ﬁ/gtqr and the
non-reactive polymer. The feactor unit 24 can Include one or nore electrodes 26. 11 Some
embodimentikethi catthodemh afiraantgnades R8ydfelatiradesiie eartihavesy gt tertakample from
about 10 mm to about 1000 mm. In some embodiments, the cathodes 30 and anodes 28 of electrode
can have a RARGIRYSF dBBUIE0D THHFIB aBBHISOE MRNYA SHTeUIRH6Hive IS, IRBARAtH BP¥ach
cathodes 30rRnfbarreregaAh Rl 8lpssiosn Homkadeionevamplplitmnmbay Rk to about 50 mm.
In some embodiments, the thickness of cathodes 30 and anodes 28 of each electrode 26 can be, for
example, from about 0.5 mm to about 2 mm. In some embodiments, the cathodes 30 and anodes 28
of electrode|ranBavfANCkACES PHARRUIAPBR AR GRAHIh 2 MR IRRARS SMPREMRALS, the
cathode 28 and anode 30 of the electrode 26 can be separated, for example, by greater than about
0.25 mm to BWNIESHHE I RO AR URTHEGIh R8Pl CatMyak So RIERHR ERE 26T ade ([Bledtfbde 26 can
be separateghgr RXR{PAEs Y 3ROHS O3B, 19-ARP Yt Mk KLSREN STEHRHUNERIS: Byabout 2 mm
to about 5 mm. The small distance between the cathode and anode of each electrode, and between
the electrodegndiahenibieaseht elbsehibighe cllwstéortodhe eonsakitstemstruction with a high rate of
purification in a small chamber. In embodiments, the electrodes can be separated by about 100 mm. In
some embodiments, the electrodes are separated by more than 100 mm. The maximum distance of
electrode separatibodinvehereftha elpptietiscioreetattrtontgpdytoondigetsohrotigiethe water. iFhus, the
maximum distance of trode separation is de ng[ent upon the strength of the. electrical current
ermited by G GRS e 16 BB Gt ST e R RLba? o e e Lt 2 hsed in an
apparatus fonavaten punttikatiobe fof, exasoplet, fubbwee ra 2Blectradepand d 200 eecigqoes z@n be used
n an appar%trlfldséléllscharge port 22. Inside the container 12 is a reactor unit 24. The reactor unit 24
can include one or more electrodes 26. The electrodes 26 can be affixed to the reactor
unit 24 by non-reactive substance such as a polymer (not shown) to secure the
electrodes 26 to the reactor unit 24. The electrodes 26 can include cathodes 30 and
anodes 28 operatively connected to a power supply 32. The power supply 32 can be

operatively connected to a control unit 34.



embodiments, at least two electrodes are used to form an apparatus. In some embodiments, two to
100 electrodes can be used to form an apparatus. In embodiments where there is more than one
electrode 26 in a reactor unit 24, the electrodes can be connected in series with staggered cathodes
30 and anodes 28. In some embodiments, the cathodes can be titanium. Unlike either platinum or
copper, which are commonly used in such devices, titanium is not consumed by the electrocatalytic
processes taking place in the apparatus. Thus, these cathodes and anodes of the electrode can be
placed much closer together. The anodes can be coated. The coating can be, for example, a metal
oxide, for eXd¥hpRARYdde Rk A rRYHR I R dRe rRaRTOT A Qi Quh P SHRIRER PO tin,
titanium, a pekseRBaMedifiediexidr cRhayRN sapsd diameed.andrbe i RpgicermRingtipns of these.
The material from which each electrode of an apparatus is constructed, and the coating on the
cathodes arPArBEY®PEIWEEDbde, can be independently selected for maximum effectiveness. In
embodiments, each electrode of an apparatus includes the same material and coating. In some
embodiments, each electrode of an apparatus is made of a different material/coating combination. In
some embolin®EeAsta findt AP SF epcrtoae s RER/MECH THSE AfatdhiantsgmgEbmditaibn are
combined willyf, Secand RuBhaI A" Alegadesdiaying enchandmalgiieleoninacambinaien. The

types of material/coating electrode combinations, the number of electrodes included, and the order of

layering of thkget dlé chrodesshoah 08 aranus canwagndoadraintstdhtedthaslasf Ebatamirestésn of the
water and thg, degree . of purification desired, In . embo igp%pts there ca are than one cathode
and more tr:%%n (ﬁng%cr;[(r)%%}p%rnﬁggﬁo%Z??ﬁehrgﬁg % %%1 odgzﬂ'shﬂfot%naoB é%kgog]in qjhqulesg{}ques of the
apparatus camibeigoemsctee widthrafiled ar dat sediess3 0ra edrdvodien@8tsf thetotaé 26y feaebardarof the
cathode can be greater than th%otal surface area of the anode. In embodimeﬁlts th% ratio ?f the
ex le Tro a%omﬂ;| mm to a outal,[f mm._.ln some errbbodfments t thfc ness, o )
surface area of thie anode 10 thé surface area ot the cathode can be, for example, from about 1:1 to
about 1:1.5.c3te ¢atBodaanch adwdescsnebehirlatydosn sfadresaniptesxdplee frgtatshandthe like. The
electrodes 26 can be connected to a power supply 32. The power supply 32 can utilize alternating

current (AC)TSP §7rRPELArENR (HP hHEVBRAGLE B AL AR S P BELRAVATS 4GS IH B SYiments, the

voltage is akghthabeVa kihieknbadineptut the alestric slpnsit, Dhihe alectpdesiogmnehs, fgleexample,
about 0.1 A/dm2 to about 10 A/dm2. In embodiments, the electric density of the electrodes 26 can be

from about F3ANAARLS AIWARCIAKIRE A BRAbRAFEREENR. SFRRAEEDERVESHMAIS N EFERISS 26 should

be from aboyf:8 YhieH4imk Yo IB.ESNHIAL URIEGHCam b COBNOR d s ahmaRe fenctions of
the apparatus 10. The control unit 34 can include, for example, a control for the voltage or current

applied, contfofd foe Rieradtake eabsutfeatade itfeciReFRuFicaRiRI P dament o piveivater is
induced by m%?ﬂﬁggﬂg%%@ﬁﬂgﬁg %BGQZ%FR’E@%QE% gsnerated on the surface of the cathode,

and hydroxyl radicals, and oxygen gas are generated at the anode. These ions initiate redox reactions
that oxidize contaminants in the water. Heavy metals are also attracted to the cathode and adhere to

the Cathodeﬂéﬂ%%ms%&gggstuﬁ%ﬁ E%@Eg@%&@%&%"gﬂ%%tm@ iR KPR NS WGl SxAmples of the

reactions that can be in are depicted below: At the electrodes:
electrodes of the present disclosure allows for very compact construction with a high

rate of purification in a small chamber. In embodiments, the electrodes can be
separated by about 100 mm. In some embodiments, the electrodes are separated by
more than 100 mm. The maximum distance of electrode separation is where the
electrical current no longer conducts through the water. Thus, the maximum distance
of electrode separation is dependent upon the strength of the electrical current emitted

by each electrode and the conductivity of water.

Any number of electrodes can be used in an apparatus for water purification, for

example, between 2 electrodes and 1200 electrodes can be used in an apparatus. In



2H202H+ + 20H + 2e- + 20H Organic compounds Organic compound + .OHH20 + CO2 (8) Ammonia
compounds 2NH3 +60HN2 (g) 6H20 Heavy metal compounds MO + H20MO(OH) + +e M can be
selected from a heavy metal, such as, for example, chromium, lead, nickel, copper, cadmium and the
like, and combinations of these.

embodiments, at least two electrodes are used to form an apparatus. In some

embodiments, two to 100 electrodes can be used to form an apparatus.

In embodiments where there is more than one electrode 26 in a reactor unit 24, the

electrodes can be connected in series with staggered cathodes 30 and anodes 28.

In some embodiments, the cathodes can be titanium. Unlike either platinum or copper,
which are commonly used in such devices, titanium is not consumed by the
electrocatalytic processes taking place in the apparatus. Thus, these cathodes and
anodes of the electrode can be placed much closer together. The anodes can be coated.
The coating can be, for example, a metal oxide, for example, an oxide of platinum,
rhodium, ruthenium, iridium, tantalum, palladium, tin, titanium, a porcelain modified

oxide, a boron doped diamond, and the like and combinations of these.

The material from which each electrode of an apparatus is constructed, and the coating
on the cathodes and anodes of electrode, can be independently selected for maximum
effectiveness. In embodiments, each electrode of an apparatus includes the same
material and coating. In some embodiments, each electrode of an apparatus is made of
a different material/coating combination. In some embodiments, a first number of
electrodes having a first material/coating combination are combined with a second
number of electrodes having a second material/coating combination. The types of
material/coating electrode combinations, the number of electrodes included, and the
order of layering of these electrodes in an apparatus can vary according to the level of
contamination of the water and the degree of purification desired. In embodiments,
there can be more than one cathode and more than one anode per electrode, the ratio
of cathodes to anodes is 1:1. The electrodes of the apparatus can be connected in

parallel or in series.



In some embodiments, an additive can be added to the apparatus 10 to aid in ionization and water
treatment/purification. In some embodiments the additive can increase the electric conductivity of the
water thereby enhancing the killing of bacteria and microorganisms. In some embodiments, the
additive can improve the electrocatalytic oxidation effect. In some embodiments, the additive can act
as an eletroflocculant to aid in heavy metal removal. Additives that can be used include, for example,
ferric chloride, sodium chloride and the like and combinations of these. In embodiments, the additives
can ionize in the water, break apart longer organic chains contaminating the water, and precipitate out

contaminant®. SFRRCIMSRN Hhadaidl s K¢ Ay 8RB RAstn ik he Bt LotaiRa 8 br the water
to be purifieglitraatedanst the Apeeint-afRbsicatians tradad Johexarple dess surficalior &n be used

for open water sources, while a higher level of purification can be used for drinking water. In some

embodiment8¢ierEfAMACT d0BIERIE BB PR e5@ARIRIA 4 BNt BdoTHeARs4k: bPwdlkr. Cleaning
port 20 and digchardRPRb a2 hBIGn ipfbhe, seddonplean e dopiainernbaangkeeactor unit 24. Gas
exhaust port 18 can provide a route of exit for any gasses and foam evolved during the waste water
treatment process. A system 100 is depic_ted in FIG. 2 for purification of waste water. The system 100
utilizes several QRAAIUSSS LA 2014 I S6AULRER T NG ARPEst4RRS bIULLAIAE A3 e ronnected
to water pipes 140/142 that channel water through the apparatuses 110)?[12/114 In sequence. Gasses
evolved durisifjiprisifieatidnf wesste (Vaker dinct xit rtiee E(bifar atbs es| 18/ 0fl e Tarrierdugh bas exhaust

ports 150/152/154. respectively. . The gas,exhaust ports 1 /154 can joint at a common exhaust
156 1o exit (S SIEf L G e VAR ARR SR, T oY BT
sequence odpasiafiel théakiefodaserecem e afiothexsompto rateyud it eAAdpa tatad di0Va /4% and
outflow of tq% \évaE)er i%tetrt\t% Ici]v(\e/erI é:com:e e%]; ittheog%aer%t&%dlg/ C2&{1]54. fThe irkl)takte aﬁ oyj[[flow can be
located diagonéﬂyq‘riom LR ch B REF S &TEGH proper flow of water fhrc?ué "tHe %I)J/sile 0-9n some
embodimenthoineapdaratusempddirhdid el ingparalele intbthes @ robedipents)dhe apparatuses
can be stacked. A system 100 can be constructed using any number of apparatuses 110/112/114. In
some embodRAEHs P ASp4ratuses can form a system 100. In some embodiments, 8
apparatuses can form a system 100. An embodiment of a system 200 including only one apparatus
210 is depicted in FIG. 3. The apparatus 210 includes a container 212, intake tube 214, outlet tube

216, gas exhBaiseP8! Wil 3hraY M8 Lo HO!A fE R MCse AURCH RS s RRP B o kRainer 212.
The reactor it @gdrBIcliies £lestradesde26hauing sRthdes ws0rendN0gese 28 E@thades 230 and

anodes 228 are connected to power supply 232. Intake tube 214 is connected to intake pipe 240. The
intake pipe 280ligdncHBtedIRfiRsIMateR/ HakfP280uA WL 160 can control the inflow of water
through the intake pipe 240 into the container 212. Electrical current from the power supply 232 flows
to the electrodes 226, generating hydrogen gas and hydrogen peroxides at the surface of cathodes,
and hydroxyRuofisagind/oseajemetfasl dhthwaigracindiche bndde si2e8astasing HeogrtépNSPIAY nozzles

240 can be ES%‘%iE%’e?'SF&”éjeiﬁefﬂe"J t%? FIECRARR 28Ghin %%%%gg;}%ﬂtm@éx?}’%%‘?@a%c,’oaﬁé‘” be used

in a pond, spa, swimming pool, or other body of water not inten for drinking.
oxygen gas are generated at the anode. These ions initiate redox reactions that oxidize

contaminants in the water. Heavy metals are also attracted to the cathode and adhere
to the cathode. Thus, the cathode itself removes metallic contaminants from the water.

Examples of the reactions that can be induced are depicted below:

At the electrodes:

2H,0 -> 2H" + 20H + 2e + 2e0H

Organic compounds

Organic compound + ¢OH - H,0 + CO, (g)



FIG. 4 depicts an embodiment of a system for use in purification or treatment of any type of waste
water. In embodiments, the system 300 of FIG. 4 can be used in treatment of drinking water. The
system 300 includes an apparatus 310 having a container 312, inlet tube 314, outlet tube 316, gas
exhaust 318, cleaning port 320, discharge port 322, and a reactor unit 324. The reactor unit 324
includes electrodes (not shown) and is connected to power control 380 and power control 380 is
connected to power supply 332. Power supply 332 and power control 380 can be contained in control
unit 334. In some embodiments, control unit 334 can include a current alternator that changes the
direction of the current. Control unit 334 can also include air pump 372. Air pump 372 can pump air
into air condiyt 34 Rial BorsBERINDOdiments, air conduit 370 can include one or more holes. In some
embodiments, activated carbon can also be added to the air conduit 370 to purify the air. Air pump 372
can pump aftRed&@air conduit 370 into coriBiiner 312 aiffin@kh§H8ses produced in container 312 in
exiting through the gas exhaust port 318. Pump 376 can extract water from reservoir 374 through pipe
340 and inlet tube 314 into the container 312. Valve 388 can be used to control the volume of water
flowing into depvaifeta tompgitadscan leave container 312 through outlet tube 316, down pipe 342 and
back into re%vpmz%m. _Valve 378 can be use_gl fo contr_ol %g@gﬁnﬁﬁfwater leaving the container
312. Gasses generated in container 312 can exit container 312 through gas exhaust 318. When
cleaning of the system is needed, cleaning port 320 can be used to add cleaning solutions and water
to container,312. Abfter Iegn(jn[g discl}]ar e port }22 can b(? used to drain the. conliain r31k2 Valve 382
Can pe selecte om a_ne ITle dal, Su as, Tor exam 5, cﬁ'romlum, eaq, HLC el

can be used to control the volume of water leaving discharge port'322. In'some embodiments, the
container 312 mamn, iraiudera uvere384, indooneberatiodiwicthtsethe container 312 can be lined with a
liner 384. The liner 384 can be, for example, a non-reactive, food safe plastic. In embodiments, the
present disclosure can purify about 1 L of water using about 0.0416 W/h, the water can be purified to
level of drinking wvetenpoditiediapsn aduitve edrmbroadiical wleeérippaiatneaeded ol pudyivdditer using the
apparatus of the present disclosure, This reduces cost and use of electricity. _

and water treatment/purification. In some embodiments the additive can increase the

electric conductivity of the water thereby enhancing the killing of bacteria and

microorganisms. In some embodiments, the additive can improve the electrocatalytic

oxidation effect. In some embodiments, the additive can act as an eletroflocculant to

aid in heavy metal removal. Additives that can be used include, for example, ferric

chloride, sodium chloride and the like and combinations of these. In embodiments, the

additives can ionize in the water, break apart longer organic chains contaminating the

water, and precipitate out contaminants. The amount of additive can vary depending

upon the level of contamination of the water to be purified/treated and the amount of

purification needed, for example less purification can be used for open water sources,

while a higher level of purification can be used for drinking water. In some

embodiments the amount of additive can be, for example 10 ppm to 500 ppm parts of

water.

Cleaning port 20 and discharge port 22 of FIG. 1 can be used to clean the container 12
and reactor unit 24. Gas exhaust port 18 can provide a route of exit for any gasses and

foam evolved during the waste water treatment process.



While various aspects and embodiments have been disclosed herein, other aspects and embodiments
will be apparent to those skilled in the art. The various aspects and embodiments disclosed herein are
for purposes of illustration and are not intended to be limiting, within the scope and spirit of the
disclosure being indicated by the following claims. 1. A method of water purification comprising:
exposing a quantity of water to an electrical current in a container, wherein said electrical current is
induced by at least two electrodes separated by about 100 mm. 2. The method of claim 1, wherein the
step of exposing occurs in the absence of an additive. 3. The method of claim 1, wherein said

electrical cufr & REIIRIELERIRSh Bilfedn’@ MU RIGENATERS WRtThe THERSEES d%m 1, further

comprising fansfeingrspich yates fLoma first aantaingyte Asecand fataiee Antogxppaing said water
to additional electrical current in said second container. 5. The method of claim 1, wherein said water

is cycled thrfi§gFPEARFEShtINEH AR LIRS ftTE34D trdle ShrARSlIWTErathT QUsh R iRPeaIaWREEtrical
current is sufiigigRb j9 ACKHISUE neaSEANR OE AXHATIAN-ANE MR RIS FRAHCRRHT BadciRka,

the apparatuses 110/112/114 through gas exhaust ports 150/152/154, respectively.
The gas exhaust ports 150/152/154 can joint at a common exhaust 156 to exit the

system 100.

The apparatuses 110/112/114 of the system 100 can be connected in sequence or
parallel. Intake of water can be at the top corner of the apparatus 110/112/114 and
outflow of the water, at the lower corner of the apparatus 110/112/114. The intake and
outflow can be located diagonally from each other to ensure proper flow of water
through the system 100. In some embodiments, the apparatuses 110/112/114 are in

parallel, in other embodiments, the apparatuses can be stacked.

A system 100 can be constructed using any number of apparatuses 110/112/114. In
some embodiments, 1 to 10 apparatuses can form a system 100. In some

embodiments, 8 apparatuses can form a system 100.

An embodiment of a system 200 including only one apparatus 210 is depicted in FIG. 3.
The apparatus 210 includes a container 212, intake tube 214, outlet tube 216, gas
exhaust 218, and spray nozzles 240. A reactor unit 224 is present inside the container
212. The reactor unit 224 includes electrodes 226 having cathodes 230 and anodes 228.
Cathodes 230 and anodes 228 are connected to power supply 232. Intake tube 214 is
connected to intake pipe 240. The intake pipe 240 can be controlled by pump 260. In
use, pump 260 can control the inflow of water through the intake pipe 240 into the
container 212. Electrical current from the power supply 232 flows to the electrodes
226, generating hydrogen gas and hydrogen peroxides at the surface of cathodes, and

hydroxyl ions and oxygen gas at the surface of the anodes 228 stirring the water.



decomposition of ammonia compounds, and decomposition of organic compounds. 7. An apparatus
for water purification comprising: a container; at least two electrodes; and, a power supply, wherein
said at least one electrode is located within said container and said at least one electrode is
operatively connected to said power supply and said electrodes purify about 1 L of water with about
0.0416 W/h of electricity. 8. The apparatus of claim 7, wherein said apparatus further comprises a gas
exhaust port. 9. The apparatus of claim 7, wherein said at least two electrodes are separated by about
100 mm.

Spray nozzles 240 can be used to clean dirt off of the electrodes 226. In embodiments,

this system 200 can be used in a pond, spa, swimming pool, or other body of water not

intended for drinking.

FIG. 4 depicts an embodiment of a system for use in purification or treatment of any
type of waste water. In embodiments, the system 300 of FIG. 4 can be used in
treatment of drinking water. The system 300 includes an apparatus 310 having a
container 312, inlet tube 314, outlet tube 316, gas exhaust 318, cleaning port 320,
discharge port 322, and a reactor unit 324. The reactor unit 324 includes electrodes
(not shown) and is connected to power control 380 and power control 380 is connected
to power supply 332. Power supply 332 and power control 380 can be contained in
control unit 334. In some embodiments, control unit 334 can include a current

alternator that changes the direction of the current.

Control unit 334 can also include air pump 372. Air pump 372 can pump air into air
conduit 370. In some embodiments, air conduit 370 can include one or more holes. In
some embodiments, activated carbon can also be added to the air conduit 370 to purify
the air. Air pump 372 can pump air through air conduit 370 into container 312 aiding

any gases produced in container 312 in exiting through the gas exhaust port 318.

Pump 376 can extract water from reservoir 374 through pipe 340 and inlet tube 314 into
the container 312. Valve 388 can be used to control the volume of water flowing into
container 312. Water can leave container 312 through outlet tube 316, down pipe 342
and back into reservoir 374. Valve 378 can be used to control the volume of water

leaving the container 312.

Gasses generated in container 312 can exit container 312 through gas exhaust 318.

When cleaning of the system is needed, cleaning port 320 can be used to add cleaning

10



10. The apparatus of claim 7, wherein said at least two electrodes each include at least one cathode
and at least one anode. 11. The apparatus of claim 10, wherein said at least one cathode includes a
coating selected from the group consisting of: metal oxides, porcelain modified oxide, and boron
doped diamond. 12. The apparatus of claim 7, wherein each electrode of said at least two electrodes
comprises more than one cathode and more than one anode. 13. The apparatus of claim 7, further
comprising a cleaning port and a discharge port. 14. The apparatus of claim 7, further comprising an
inlet tube and an outlet tube, wherein said inlet tube and said outlet tube are located diagonally from

each other irPS4aEARAINEFeAE SHEARGTattu SEEIRAN G HER ESRBHsIAg SN dIF H8RTdC16. The

apparatus ofilainhd chienein $aid ghiRastivaelrctiedes amsennrciel indsrallekridaihe apparatus

of claim 7, wherein said at least two electrodes are connected in series.
discharge port 322.

In some embodiments, the container 312 can include a cover 384. In some
embodiments, the container 312 can be lined with a liner 384. The liner 384 can be, for

example, a non-reactive, food safe plastic.

In embodiments, the present disclosure can purify about 1 L of water using about
0.0416 W/h, the water can be purified to level of drinking water purity. Thus, a minimal
amount of electricity is needed to purify water using the apparatus of the present

disclosure. This reduces cost and use of electricity.

While various aspects and embodiments have been disclosed herein, other aspects and
embodiments will be apparent to those skilled in the art. The various aspects and
embodiments disclosed herein are for purposes of illustration and are not intended to
be limiting, within the scope and spirit of the disclosure being indicated by the following

claims.
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18. A system for water purification comprising: an apparatus comprising at least one electrode
operatively connected to a power supply; a pipe operatively connected to said apparatus; a water
source operatively connected to said pipe, wherein said at least two electrodes are separated by about
100 mm. 19. The system of claim 18, further comprising two or more apparatuses connected by said
pipe. 20. The system of claim 19, wherein said two or more apparatuses each comprise between 2
and 1200 electrodes connected in series. 21. The system of claim 20, wherein water from said water
source flowsc Itmgsugh said pipe sequentially into said two or more apparatuses.

1. A method of water purification comprising:

exposing a quantity of water to an electrical current in a container, wherein said
electrical current is induced by at least two electrodes separated by about 100

mm.
2. The method of claim 1, wherein the step of exposing occurs in the absence of
an additive.
3. The method of claim 1, wherein said electrical current is supplied through

between 2 and 1200 electrodes.

4, The method of claim 1, further comprising transferring said water from a first
container to a second container and exposing said water to additional
electrical current in said second container.

5. The method of claim 1, wherein said water is cycled through said container
multiple times.

6. The method of claim 1, wherein said electrical current is sufficient to achieve
at least one of oxidation of heavy metals, reduction of bacteria,
decomposition of ammonia compounds, and decomposition of organic
compounds.

7. An apparatus for water purification comprising:

a container;

at least two electrodes; and,

a power supply,

wherein said at least one electrode is located within said container and said
at least one electrode is operatively connected to said power supply and said
electrodes purify about 1 L of water with about 0.0416 W/h of electricity.

8. The apparatus of claim 7, wherein said apparatus further comprises a gas
exhaust port.

9. The apparatus of claim 7, wherein said at least two electrodes are separated

by about 100 mm.
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22. The system of claim 21, wherein the water flows into a container of said apparatus from said pipe
at the top of said container and exits said container through said pipe at the bottom of said container.
23. An apparatus for water purification comprising: a container; a power supply; and at least one
electrode comprising a cathode an anode each comprising metal oxide coated titanium, wherein
said cathode and anode are separated by about 2 mm to about 5 mm and wherein said electrodes are
located within said container and are operatively connected to said power supply. 24. The apparatus of
claim 23, wherein the fower supply provides a current density of about 1 A/dm2to about 10 A/dm2. 25.

An apparatus fdPwatel S RRREH bHAIRsInY s eBhaif af;least two electrodes each include

at least one cathode and at least one anode.

11. The apparatus of claim 10, wherein said at least one cathode includes a
coating selected from the group consisting of: metal oxides, porcelain
modified oxide, and boron doped diamond.

12. The apparatus of claim 7, wherein each electrode of said at least two
electrodes comprises more than one cathode and more than one anode.

13. The apparatus of claim 7, further comprising a cleaning port and a discharge
port.

14. The apparatus of claim 7, further comprising an inlet tube and an outlet tube,
wherein said inlet tube and said outlet tube are located diagonally from each

other in said container.

15. The apparatus of claim 7, further comprising an air pump.
16. The apparatus of claim 7, wherein said at least two electrodes are connected
in parallel.

17. The apparatus of claim 7, wherein said at least two electrodes are connected
in series.
18. A system for water purification comprising:
an apparatus comprising at least one electrode operatively connected to
a power supply;
a pipe operatively connected to said apparatus;
a water source operatively connected to said pipe,
wherein said at least two electrodes are separated by about 100 mm.
19. The system of claim 18, further comprising two or more apparatuses
connected by said pipe.
20. The system of claim 19, wherein said two or more apparatuses each
comprise between 2 and 1200 electrodes connected in series.
21. The system of claim 20, wherein water from said water source flows through

said pipe sequentially into said two or more apparatuses.
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a power supply; and  at least one electrode comprising a cathode an anode each comprising metal
oxide coated titanium operatively connected to said power supply, wherein said cathode and anode
are separated by about 0.25 mm to about 1.5 mm and said power supply provides a current density of
about 0.1 A/dm2to about 2 A/dm?2.

22. The system of claim 21, wherein the water flows into a container of said
apparatus from said pipe at the top of said container and exits said container
through said pipe at the bottom of said container.

23. An apparatus for water purification comprising:

a container;

a power supply; and

at least one electrode comprising a cathode an anode each comprising metal
oxide coated titanium,

wherein said cathode and anode are separated by about 2 mm to about 5
mm and wherein said electrodes are located within said container and are
operatively connected to said power supply.

24. The apparatus of claim 23, wherein the power supply provides a current
density of about 1 A/dm?to about 10 A/dm?.

25. An apparatus for water purification comprising:

a container;

a power supply; and

at least one electrode comprising a cathode an anode each comprising metal
oxide coated titanium operatively connected to said power supply,

wherein said cathode and anode are separated by about 0.25 mm to about
1.5 mm and said power supply provides a current density of about 0.1 A/dm’to

about 2 A/dm?.
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