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ELECTROLYTIC CELL WITH ADVANCED OXIDATION PROCESS AND ELECTRO
CATALYTIC PADDLE ELECTRODE

1. Field of the Disclosure

The disclosure relates generally 1o the field of water treatment and more particalarly
o the recovery of ammonia and urea in processed sewage water, agnculture ranodl water and
industrial wastewater through the use of an electrolviic reacinr cell The disclosure also
refates generally to the electro-catalyviic oxidaiion treatment of fluid and more particularky to
creating oxidizing species in fhad using electro catalytic oxidation of fluid constituenis. The

disclosure is also directed to precipitation of dissolved salts using electrolysis,
2, Background of the Disclosure:

Electrolysis is a process whereby the sleciric current is used fo promote the
decomposiiton of contamunas m ithe nfluent. The use of an electrolvtic vell i water
treatment indusiry 15 known for years. These apphications inclade production of required
oxidants in the process and use them to elinunate harmful and unwanted organism. Most
modern sewage treatment facihties and modern agricultre matiwre treatment faciities ars
using an imtial anaerobic solids digestion step 10 generate methane gas {0 generation
equipnient to power the facility. A byproduct of the methane generation from organic
materials is anunonia generation from urea and other organic nmilrogen compounds i the

efluent.

A problemt with electrolytic base water treatment cguipraent is scale build op on
electrode surface. As the treatment progresses, chemuical fouling occurs due 1w oxidation
reaction occwrring at the anode and reduction reaction oceurring at the cathode. The scale and
fouling build up in the reactor requures higher current to mamiain the same potential across

the electrodes.

Electrieity has been nsed for ages to cause electro-chennical resctions 1o the thuds.
When current is passed through a solution using an anode and cathode separated by a finite
distance, cwrrent, which s flow of electrons, flows through the solution. This induces redox
chemical reactions at the anode and cathode as electrons are transferred 1o molecules and
molecules are converied o lons in the solution and vice versa. Typically an EMF
{electromotive force} source is used to send electricity through the solution and the current
fowing through the solation s a fonction of the surface area of the electrode, distance

between the anode and cathode, the potential difference applied, the nature of the electrodes
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and the nature of the medium through which the cwrent is flowing. Efforts have been made
i the past to pass as much curvent as possible to speed up the chemical reactions gomyg on at
the electrode surfaces by varving many of the above said factors. However, 1ssues such as
teakage current, cell efficiency over a prolonged period, precipitation of salis over electrodes,
corrosion, scaling, mass transport imitations, durability and stability of electrodes have been

some of the hmitations that have been keeping the slecirolvsis costs prohitbuively high.

The present disclosure addresses some of these issues in an attempt to bring down the
costs of electrolysis in the context of waste water treatment such as frac water, flow back

water ete,
SUMMARY OF THE DISCLOSURE

Genperally, the present disclosure relates to recovering ammomia and wrea from
processed sewage water and industrial wastewater. The ammonia ion is concentrated in the
cathode compartment of an electro-chemical cell. The pH of the cathode compartment can be
maintained above 10 to convert ammonium ion to anunonia gas. Hardness salts precipitaied
on the cathode surface are removed by turbulence crested by cavitation. Optional generation
of bleach on an guode can be used to convert ammenia 1o nitrogen gas and an optiongl
addition of ozone i the anode can be used to increase organic destruction rates. The present
disclosure device can be used to stertlize the effluent using anode, cathode and hydrodyvnanue
cavitation. The tugh tubulence n the reactor enbances the mass transfer efficiencies leading

to efficient degradation of the anwnonia in the wastewater,

To enhance the performance of the electro-oxidation process and to shminate the

scaling and loubng of the reacior, the following preferred approach can be used:

1y Providmg for a ugh turbalence entry of the nlluent nto the reacior;

) Alternaung the polanity of the electrode(s) at certan mtervals; andfor

3) Subjecting the influent to hydrodynamic cavitation, which allows for high cavitation
energy dissipation. The cavitation epergy iz utilized to breakdown the organic

contanmnants and hence aid in electro-oxadation process,

Preferably the present disclosure can include one or morve reactors comprising a hiquid
comtatmng vessel and one or more pairs of electrodes. The electrodes can be preferably
coated with mixed oxides, Nobel metals and/or boron doped diamond electrodes. A powsr

source [or each reactor can be provided which supplies voltage and current to the elecirodes.
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A confroller can be provided for switching and repulating the voliage and current to the

electrodes, such that the polantty of the electrodes can be reversed at controlled mtervals.

The electrolyvsis of fluid fakey place at the cathode and anode. AL the cathode
hydrogen gas van be liberpted o generate a hydroxide group and raising the pH of the water
tocally, The formation of OH- radical at the cathode reacts with the organic and norganic

componnds and, thus, accelerates the oxidation reaction.

The polarity of the electrodes can be periodically reversed to mitigate slectrode

sarface scahng

Oxidant gas can be injected, preferably through a Venturi configuration, and mived
with the incoming mfluent. The influent mixed with the oxidant gas bubbles discharges into
the reacior through ove or multiple nozzles preferably arranged in a circular array. The array
of nozzles directs the influent flow preferably into the center of the reactor where the high
turbulence energy dissipation is achieved. The oxidant gas bubbles are subjected to pressure

and velocily variation where they collapse causing the phenomenon called sonoluminescence.

The iroduction of an oxnidizing agent through the discharge nozeles into the reactor
forms a cavilation of nano bubbles by hydrodynamic cavitation in a low-pressure zone. These
nano gas bubbles collapse/implode as they pass through incresse pressure zonel(s). Collapsing
of the cavitation bubbles may produce uliraviolet oxidation of orgamic substance m the fluid.
The collapsing of the cavitation bubbles can create a high-energy condition like uliraviolet

tight, shearing, high pressure, beat, mechanical vibration, noise etc.

Electrolvtically treating water through mfluent inlel arrangements for cavitation and
one or more pairs of electrodes is disclosed. The electrodes can provide contingous anodic
and cathodic opevation for treating watgr. The pressurived influent prevmixed with oxidant gas
can be pumped nto the reactor vessel through the nuxing noreles arranged radially along the
circumiference. A power source for each resctor provides voltage and current to the
electrodes. The controfler maintains the voliage and current to the electrode. The duration of
each voliage polanity apphed 0 each electrode cant be preferably the same. The polarity of the

current o the electrode can be periodically reversed at a set interval.

Also disclosed is a novel electro catalviic paddie shaped electrode which has the
capacily o catry very high current densitiss for prolonged periods. In one non-limilinyg
embodiment of the present disclosure, the clectrode can be an alternste arvangement of

pentagonal plates of anodes and cathodes of specific dimensions and angles. separated from
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each other by a specific distance and having a specific, highly inert, non-conducing, material
spacer i between them. Any number of these electrodes can be deployed m a tank or a
reactor of any shape such as rectamgular pipe reactor or cyhndrical tank reactor or any other
shaped reactor for that matier {o achieve the deswred degree of tremiment such as precipiation

or advanced ogidizing specigs gengration,

In another non-limiting embodiment the distance between the alternate penfagonal
plates of the electrode can be adjustablefvanable and can be adjusted/tuned depending upon
the load on the electrode in terms amount of precipitation needed or amount of oxadant
species generation needed to achieve the desired treatmient based upon the qualiy of the

untreated mftoent fluid

In still another non-limiting embodiment there are provided features on the surtace of
the electrode to enhance the turbulence and shear in the fluid as 1t passes over the preferred
allemate pentagonal plates at fugh velocities. These features are of specilic geometries and
shapes and dimensions and can be arranged in a regular pattern or in a random pattern. The
presence of these features reduce the boundary laver thickness in the fluad and increase the
focal veloctty of the fluid and hence produce local micro-turbulence and eddies wiich helps
i mereasing the mass transport of romc and molecular species between the altemate anodes
and cathodes. This m i helps merease the current flowing through the sohwion due o
increased roass transport of tons and molecules in the solation which in tum enhances the

rates of electro-chemical reactions occuiring at anode and cathode tremendously.

1 still another non-timiting embodiment the polanties of the pentagonal plates can be
aliernated at very high frequency using a propnetary electronie switching control mechanism.
The polarities of the alternate pentagonal plates can be switched back and forth nearly at
about 100020000 He. The duty cycle of this high frequency polarities switching of aliernate
pentagonal plates can be done for times ranging from about 30 mingtes to 99 hrs. This feature
of the novel electrode tmparts the selfl cleaning abilities of the electrodes and hence removes
some of the limutations of current state of the art such as scaling on elecirodes, reduced
arrent efficiency, corrosion and stability and durability of the electrode over prolonged time
of operation. It also reduces the downtime i operation needed for manual cleaning of
glectrodes as is done in the current state of the art thus reducing the cost of operation and
maintenance. An electronic control mechanism can control the ultra high [requency switching

of polarities of the alternale pentagonal plates.
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In still another non-limiiing embodunent there can be provided a chemical coating of
specific tickness can be applied on the aliernate pentagonal plates. The presence of the
coating assists the paddie electrode to sustain the ulira bigh frequency switching of polarities
of the alternate plates ol the novel paddie elecivode at very high current flows mnging from
about 200-2000 Amp or current densities ranging from abowt 0.1-1.0 Ampiem’, which
provides for novel uliva lugh frequency switching of polarities of elevirodes for sustained

periods of time at high current flows without damaging the electrodes.

In still another now-limiting embodiment the coating acts 88 a catalyst for produging
oxidizang species i the {luid thus further enhancing the amount of oxidizing species
generated i the fluid in addition to the electrochenical reactions producing oxidizing species

at the expense of elecinicity,

An electro-catalyvtic paddie electrode can be used for the treatment of fowhack and
produced water. The paddle electrode can consistis of aliernate pentagonal flat plate
electrodes separated by adjustable variable distance Teflon spacers. The paddie electrode
provided with a chemical coating capable of switchingfreversing the polarity of anodes and
cathodes at ultra hugh frequencies under very high current flowing conditions thas makmy it

maore etficient, stable and durable under demanding field conditions.
BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a perspective view of an Electro-chemical cell reactor showing various

features in accordance with the disclosure;

Fig. 2 dlustrates a block diagram for a piping lavout in accordance with the disclosure

wherg the influent s mixed with the oxidant gas preferably using a venturi set up;

Fig. 3 iflustrates a block diagram of water treatment appavatus using the disclosed

Electrolvtic cell and a reactor pipe with spark plogs:

Fig. 4 llustrates a perspective view for another type of electrolvtic cell configuranon
where the Capacitive Discharge tubes and rod anodes can be arranged 1 the circular manner

in the chamber;

Figs. 5 and 6 lustrate the {ront and top cross-sectional views, respectively, of the

electrolytic cell showing one nonelimiting avvangement of rod anodes and capacitive

discharge tube i gccordance with the disclosure;
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Fig. 7 illustrates a side elevational view of the disclosed electrolytic cell showing non-
fimiting locations for the infhient inlet and effluent and also showing 8 non-limiting

arrangement of rod anodes and hugh voltage capacitive discharge tube;

Figs. 8-10 illustrate several views of an advanced oxidation configuration using an

electro-chemical chamber in accordance with the disclosure and a reactor pipe;

Figs. 11 is a perspective view of eleciro catalvtic paddie electrode in accordance with
the disclosure which shows the overall construciion of the electro-catalyviic paddle electrode.
Preferably. the paddle electrode can consist of alternate armngements of definitely shaped

pentagonal flat plates which can be held together by insulator bolts;

Figure 12 illustrates another view of the electro-catalytic paddie electrode showing
the plate electrode, Teflon insolaior, threaded msuolator vod, Tetlon insulalor nut, metal

spacers, rod anode, metal mut and threaded metal rod;

Figure 13 shows an exploded view of the various components of the preferred electro-

catalytic paddle electrade;

Figure 14a shows a front view of how the glectro-vatalvtic paddle slecirode can be

atlached to a mounting plate;

Figure 14b shows a perspective view of a convex sregular pentagonal electro-

catalvtic paddie electrode;

Figure 15 shows how a number of novel electro-ctalytic paddie electrodes can be

placed on a cvhindrical reacior and how it looks from putside in the front view;

Figure 16 is a cutaway or sectional view showing how the novel electro-catatvtic
paddie electrodes look ke when placed on the cylindrical reactor of Figure 15 snd seen from

mnside from the front side of the cyhindrical reactor;

Figure 17 shows how a number of novel electro~catabviic paddie electrodes can be

placed on a rectangular reactor and how # looks from catside 1w the from view;

Figure I8 i 2 culaway or sectional view showing how the novel electro-catalvitic
paddle electrodes look hke when placed on the rectangular reactor of Figure 17 and seen

from mside from the front side of the rectangalar resctor;

Figure 19 15 side elevational view of 2 non-hmiting pentagonal flat plat electrode in

accordance with the disclosure; and
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Figures 204, 208, 20C and 20D ilustrative perspeciive view of the pentagonal plate
electrode in accordance with the discloswre and ilhustrating various features/protrusions

disposed on the surface of the plate electrode.
DETAIL DESCRIPTION OF THE DISCLOSURE

As i Fig. 1 the Electro-chemical cell reactor in accordance with the presemt
disciosure is shown and gensrally designated as electro-chemical cell reactor 20, Praferably,
reactor 20 can be a pressure vessel with one or more electrodes 40 and a nozzle assembly
attached or otherwise secured 10 16 Raw mfluent to be treated preferably enters from or near
the bottom of the reactor body 22 such as, but not limited to, through a raw fluid indet 24 and
vaw fhod outlet 23, An miernal divider 27 can be provided within reavior body 22 for
separating or isolating the raw flwd passageway area {(bottom chamber) 29 preferably at the
botiom of reactor body 22 and the treating area (top chamber} 30 within reactor body 22 from
each other. Reactor body 22 can be preferably cvlindrical in shape and can be mstalled
vertically or horizontally depending on the layout of the system which electro-chenyical cell
reactor 20 15 associated with or part of. A strainer soreen ov other type of filter can be
disposed within botlom chamber 29 gndfor at raw fluid inlet 24 andfor raw fluad outlet 25 0

filter oul bigger size particles before they reach booster pump 64.

As will be discussed with Fig 2, afier leaving raw Fuid outlet 25 the raw fhuid ¥s
preferably nuxed with oxidant gas. The infloent with nuxed with oxidant gas is then pumped
into a manifold 26, Manifold 26 1s preferably on or near the top part of reactor body 22 and s
used for fluid distnibation. Multiple piping cutlets 2X serve as inlets for the influent with
nuxed oxidant to direct the nuxed oxidant influent fnto treating avea 30 of reactor body 22
and facthitate the distibution of pressurived fluid into the reactor through the use of a nowzle
32 at the end of each piping ocutlet 28 which 15 in communication with treating area 30. The
mumber of nozzles/piping outlets 28 is not considered limted to any particalar number and
varying number of nozzle/piping outlets 28 can be used and ave considered within the scope

of the disclosure.

One or more rad electrodes 40 can be installed and positioned within treating area 30
and in embodiment can be installed vertically from topside of veactor body 22, Preferably the
anodes of rod electrodes 40 can be insulated through gland nuts and do not touch reactor
body 22, Electrodes 40 can be connected 1o a single power supply 50 or multiple power

supplies where their polarily can be preferably changed at certain fixed mitervals.
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An oullet pipe 36 can be substantially positioned within treating area 30 and can be
preferably centrally or substantially centrally positioned with respect o reactor body 22 and

serves as the discharge route or exit for the treated effiuent.

Fig. 2 iHlustrates the piping layout where the influent can be mixed with oxidant gas
62 preferably using a venturt 60 set up. A booster pump 64 can be provided o raise the
pressere of the incoming wnfuent and then passed the nfluent through the venturt. Bottom
chamber 29 preferably receives the influent in and then passes the influent on to booster
pump 64, if the inconung flow has a higher pressure flow, grester than the hnutation of
booster pump 64, presswre relief valves and a bypass hine from boltom chamber 29 (o reacior
20 can be provided to balance the fow of nlluent. In an alternative embodiment, bottom
chamber 29 15 elinunated and the raw flaid can be divectly fed or diverted to booster pump 64

andifor venturi 64

A bypass valve 66, preferably a ball valve, can be provided for maintamming the
recuived pressure drop across the venturt for optimizing the highest poasible mass wansfer
efficiency. The pressure difference across ventori 66 defines a vacuum and hence allows the
votume of oxidant gas from gas source 62 that is required for the treatment njected into the
stream of influent to be treated that 1 travelmy through the system. The wnflnent mixed with
the oxidant gas can then be pumped or otherwise directed into manifold 26. Manifold 26,
with s phaahity of outlets 28/nozedes 32, can be provided to facilitate the distnbution of the

high-pressure oxidant gas mixed inflyent into tregling area 30 of reactor body 34,

Fig. 3 iflustrates a block diagram of water treatment appaatus incorporating
electrolvtic cell 20 and a reactor pipe 200 with spark plugs 202 which s discussed i more
detail in our co-pending US. Application Sertal No. 13/252 198 filed October 4, 2011, which

is mcorporated by reference in its entiraly.

In use, influent can enter into the process through booster pumyp 64 where it can be
prefevably mixed with oxidant gas 62 e.g. ozone, oxveen efc. preferably using a venture 60
configuration. Iafluent intake can preferably be through booster pump 64. The influent
pressure can be raised and processed through the system. A higher-pressare difference across
the venturi creates the vacuum allowing oxidant gas 62 to max well with the influent stream.
Pressurized influent mixed with the oxidants can then be preferably discharged into treating
areg 30 of reactor 20 preferably through a series of piping 28/nozzles 32, The series of

nozeles 32 can be preferably directed towards the center of reactor 28 As the influent,
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preferably nuxed with the oxidant gas, is extied out of the norzies, large cavitation energy

dissipation ocours.

In connection with elecirolviic reactor cell 26 electrodey 40 we preferably comected
o DC power supply 50 where pulsed DO power supply 50 provides palsed DC power into
the water through one or more electrodes 40, The electro chemical oxidation using inert
electrodes 40 can take place through two mechanisms: 1) divect oxidation where polthutant is
destroyed at the anode surface; and 2) indirect oxidation where a medistor is

electrochenucally penersted to carry out the exadation,

The mass transfer from the bulk solution o the electrode surface takes place, and then
homogenous or helerogeneous chenueal reactions occur al the electrode surface. These
reactions are followed by the electron trapnsfer at the electrode wwrface. Fimally, the mass

trousfer of electrons from the elecivode surface 1o the bulk solution oceurs,

The rate of the electron wansfer is governed by the glectrode activity and the current
density whereas the extent of the mass transfer will be controlled by the twrbulence m the
reactor vessel. The anymoma gas release throngh electro-oxidation process can then be vented

out to use for NOX reduction n exhgust Duent gases (See Fig. 3).

After that the effiuent is pumped into reactor pipe 200 it can be passed through series
of baffles 204, Baffles are primarily provided for two purposes: (1} o harness the poiential
energy of the pressure head and velocity into the hydrodvnanic cavitation, and (2) for the
efficient mixing of oxidmt gas nano bubbles with the effluent. The pressure velocity relation

of the flowmg fuid is used to create the hvdrodynamic cavitation. At gach nrifice hele in

batfles 204, the kinslic energy of the Haqud mereases at the expense of the pressure head,
capsing the pressure around the orifices to dvop below the threshold pressure for

hyvdrodynanue cavitation. Subsequently as the liquid jet expands, the pressure increases
resulting in the collapse of the gas bubbles. During the passage of the effiuvewt through the
multiple onfices, bowmdary laver separation ocours and high turbalent energy dissipation can

be observed downstream.

Three prong spark plugs 202 can be instalied on reactor pipe 200 for releasing a spark
i the effiuent using a pulse voliage penerator. The pulse volage penerator with high voltags
discharge i3 considerad to overcome the die-eleciric resistance of the effluent. The pulse
voltage generator establishes the sparks in the effluent and a gas solenoid valve synchronizes
the pulsation and discharges the oxidant gas in the efflueni. The gas bubble wiuch can be

trapped 1n the nuddle of the spark mplodes and the oxidant gas nano bubbles are then
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converted into muliiple oxidants hike O3, OH-, HO2, H202 and O. These super oxidants are

then atilized o oxidize the contamimants present in the effluent.

The UV lght emitted by the spark plug w the effluent helps in the disinfection
process and to steribize the effluent. The preferved pulse mode of the spark in the effluent
generates the sonic waves in the effluent. The subsequent compression and rarefaction cyele
of the sound waves canses the babbles to expand and collapse releasing large amount of
evergy i the form of heat, UV hight, mechamcal vibration, and shear. This form of energy
can be utihized for oxidation and stenlization of the effloent. Preferably the pulse penerator
matches the frequency of the oxidant gas discharge into the effluent with the spark pulse

generator. A compressed gas tank stores the gas for the process and acts 85 an accumulator,

Figs. 4-7 dlustrate another type of electrolvtic cell 20a which can be used in
accordance with the present disclosure. In this embodument, capacitive reactance tubes 70g
and rod anodes 80a can be provided and can be preferably arranged in a circular manner
within the weating chamber 30a of electrolvtic cell 20a. Preferably, tnfluent enters radially
from the bottom of electrolbvtic cell 20a through influent inlet 24a and exits from the top of
electrolviic cell 204 through effluent outlet 253, The preferred arrangement of capacive
reaclance tubes 70a and rod anodes 80a s also illustrated in the Figwres. However, such

arrangement is not considered limiting.

Figs. 8-10 iflustrate different views of an advanced oxidation process and system 300
using an electro-chemical chamber 204203 and reactor pipe 200 in accordance with the

teachings of the present discloswre.

imtially, influent enters mto the system through inlet 301 1 connection with main
suction pump 302 and motor 303, The discharge mam suction pump 302 is then preferably
distributed into two streams, one through ventunt and the other through a bypass line with
aatomated valve. The antomated bvpass valve maintains the required pressure across the
venturt for mixing the right amount of oxidant gas like orpne and oxygen mio the stream of

wfluen.

influent mixed with Oxidant gas then discharged nto main pipe 304 through nmuliple
nozzles. These nozeles are meant to achieve highest possible cavitation energy dissipation in
the main pipe. Novzles arg used 1o mcrease the velociy of effluent enienng indo main pipe.
The higher exit velocity means hugher Reynolds aumber and bence higher turbolence energy

dissipation.
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Advantages of using Neozzles include, buf are not linuited to:

1} Dynamic mixing under pressure vields greater mass transfer
2} Provides desirable backpressure i the veniun injecior.

33 A larger dose of oxadant gas 1s possible.

As the Cavitation Energy dissipation allows the formation, growth and subsequent
collapse of micro bubbles or cavities ocours in an extremely smal interval of time
{milliseconds) releasing large magnitudes of energy. The release of energy is over a very
small pocket, and cavilation events occur at multiple locations simulianeously. The overall
effects are generation of hot spots, release of highly reactive free radicals, continuous
cleaning as well as increase in the swrface ares of the sohd catalysts, and enhancement in the

mass transfer rates.

The mechamism of cavitation phenomena bas been mamly attvibuted to the
mechanical effects viz. generation of turbulence, lguid circulation cumemts and shear
stresses, supplemented by the chenmcal effects {generation of active free radicals) and heat
effects (peneration of tocal hot spots Le. condition of very high temperature) These localized
high energy conditions results in the formation of highly reactive free radicals facilitating the
breakdown of the organic substances and can also result W the disinfechon of

microorganisms present in the effluent stream,

Effluent nuxed with multi-oxidants then enters radially o the Flectro-Chemical
chamber through inlet 322, Electro-Chesucal Chanmtber can consist of rod anodes 312 and
capacitive discharge Tubes 332 simitar to electrolytic celf 20a (Figs. 4-7). Rod anodes 312
redease DO current 1o the effluent. The electrodes can be coated with mixed oxides, Nobel

metals andfor boron doped diamond electrodes.

The following reaction takes place at the cathode and anode:
{1} Reactions expected at Cathode:
03 + H2O + e - OQH«+ Q2 + OH-
02 + HIO + 2e -+ HO2- + QH-

Q2 + 2H20 +2e - H202 + 20H-
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{1y Reactions expecied at Anode:
30H- — HOZ- + H20 + 2¢
O —r OHet e

02 4 20H- — O3 + H20 + 2e
ZH20 - H202 + 2H+ + Ze
02+ H20 -» 03 + IH+ 2e

H200-- 0O + ZH+ + 2e

The turbulent flow through system 300 aids n efficient electiron nugration between anode
and cathode. These elecirodes are non-active electrodes where the anode material acts as a
catatyst and hydroxyl radicals that are generated at the electrode surface assist the oxidation

PrOCess.

Preferably and gs shown, there con be wmultiple capacitive discharge tubes 332
contamned within Electro-chemical Chamber 320, Capacitive discharge tubes 332 preferably
contain an ouler quariz tube, which can withsland the hydraonlic pressure of the effluent. In
the center of the quantz tube can be housed a corona discharge electrode. The corona
discharge electrode causes a transient high-pressure glow discharge. When a dielectric-barrier
discharge is operated m a corona discharge electrode having rare gas {Xsnon), plasma
conditions in micro~discharge channels are formed and act as an mtense source of Ultraviolet.
As contaminants are subjected to the super oxidants in electro-chemical chamber 320,
effluent s sterthized by oxidizing the colonies of the bacteria. Inorganie cortaminants are

oxidised to theilr inert form.

The capacitive discharge {ubes 322 can be siruciured sinular and operate similar to the
capacitive discharge tube 80 described w our co-pending apphcation Sevial No. 137252198

filed October 4, 2011, which 15 incorporated by reference in #s entivety.

Divalent cations which are very detrimental in fooming scale are encouraged to
precipiiate by providing electrons and anions i the electro-chemical process. Afler

precipitation these precipitated scale particles are chenueally inert and remain in suspension.
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After baing treated within electrochemical chamber 320, efffuent exits out of oullet
324 and can preferably be passed or divected through one or more, and preferably two sets of]
reactor pipes 340, Fach reactor pipe 340 can be similar to reactor pipe 200 discussed above
and can contam g series of baffles and a plurality of spark plugs 202, Spark ploags 202 relense
high voltage pulse in the waler, which i s allows effluent saturated with oxygen, to
produce ozone and hydroxyl radicals. These oxidants, which are produced, are then ntilised to

oxidise the contaminants.

The discharge from reactor pipe(s) 340 ix coupled together to a conunon discharge

fing and ultimately exited out of system 300 through effiuent outlet 354

Certain non-hinuting characteristics ov features for certain components can inchude:

BRI

a. The rod anodes can be assembled i a circelar array with spacing of abowt 27 10 4

batween them.

b. The rod anodes can consist of a center electrode with a Blaniom base metal coated
with mixed metal oxide coatings of thickness from about 10 to 100 microns, The costing on
the rod can be muxed metal oxides of 02 (gboul 1-4009%); Rufd2 {abowt 1-40%), TO2
{about 1~20%) and Boron doped diwmond electrode wath (about1~5%) diamond duct coated

electrades.

¢. The electrode coating thickness range can be from about 11 micron to gbout 100

TRICYON.

d. The rod preferably does not go {0 the bottom of the reactor fo prevent short-

circuiting of the electrodes.

g. The rod electrodes can be circular in cross section, o prevent fouling or eaiching
and clogging up of the electrode area with sticky orgamc particles and fibers e g. human hair

amd oily clav particles.

{f can have multiple circular nozzle mvay, with perpendicelar entry, mixed with foam

swirl motion is anticipated in the veactor,

g, Preferably, the nozzles are not mstalled for hydraulic cavitation, thus, preventing
cavilation or pitting wear on the rod electrodes. The novrzles are used to create random
turhulence 0 mixed OH radicals produced on the anode surface and hydro peroxyt radicals

(HOZ) on the cathode rod electrodes with the effluent 1o better weatment efficiency. The
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nozzle arravs can create random turbylence which 1s used to mixed foam, OH radicals, Hydro
peroxy! with the effluent. The oxidation and reduction reactions can then be accelerated and

the process efficiency is enhanced.

i, The Venturi exit pressure can be in the range of about | to 2 bar, and the foam
bubble size can be from about 10 micron to 1 micron o ensure availabiliy of effective

surface area of the bubbles to react with orgamce compounds present in the effluent.

1. Generating about 3 to 30% guality foam i the effluent with the Ventwt which can

result in significant UV hght transmittance in dark (divty) or opague water.
1. Low voltage DU power supply connected to Rod electrodes.

k. High Voltage Palsed DT power supply can be connected to capacitive discharge

tubes.

1. Metallic body of the reacior can be grounded to earth ground for safely and o

prevent corrosion on the metallic surface.

nt DO power supply can go below about 2 VDO and can operate at the highest rated
current; safety controls can avtomatically detect the high current and swiich off the power

supply.

n. Electrodes polarity can be reversed o prevent surface fouling or sealing. Electrode
polarity can be reversed to also prevent delamination of muxed metal oxide coating on the

electrade due to hvdrogen embattlerment.

o. Life of the electrodes can be increased between about 50 o 100% over continuons

operation.

p. The capacitive discharge tube can contain a quartz twbe with a central electrode.
The quartv tabe can contain a conductive gas between the quantz tube and electrodes. The
metal electrode can be provided with multiple bristles for higher emissivity. The conductive
gas can be Argon, Mercwy vapor and hydrogen that helps to conduct the high voltage
electricity through the quarty digleciric medinm fo the metal pipe. The ugh voliage can be
applied though this medium causing a corona discharge established between the quariz wibe
and the slectrode. Each mdividual spark can release energy in the form of UV Heht, heat,
mechamnieal vibration. The UV hght can break down the oxygen nano bubbles producing
Owone molecules, (OH~) Hydroxyl radicals. These oxidants intem can produce more mulid

oxidants, which can then be utilized to oxudize the contaminants i the influent. The power
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supply to the central corona discharge tube sweeps the frequency and voltage to find

optimum ozong’ LV oulput required for the process.

q. The capacitive discharge twbe can consist of owter quartz twbe with central
electrodes with bristles to generaie UV light which is then discharged into the flaid to treat
fhutd. The capacitive discharge electrodes can operate at pulsed high voliage DC power mode
from about 1000Hz to 212KHz. The central electrode can bave a positive polarity that makes
outer quarty tabe also positive polarity m the Tind. When using mercury vapor, UV light of
about 194mm 1o 252mm can be generated in the capacitive discharge tube. When using
Hydrouen gas, about {80nm to 194nm specirum of UV light can be generated. The capacive

discharge tube can use a UV stabilized quartz tube to house the electrode 1 the center.

r. Preferably, one DC power supply having a polarity can be elecincally connected
with multiple rod electrodes, anode rods and cathodes rod returns, High Voltage DC pulsed

power supply can be preferably connected to the capacitive discharge tubes.

5. The UV hght generated from capacitive discharge tube can be used to make {OH)
Hydroxyl madicals from the oxvgen foam present in the efftuent in the reactor. The UV light
spectrum between abont 180nm o 260mn ¢an be produced by the capacitive discharge tubes

and can be used to produced hydroperoxyl radicals on the cathode surface.

{. The capacitive discharge tube can also produce UV light spectrum betwsaen
wavelength aboot 245nm {o 263nm, which is used to activate chlorine and chlonine dioxide
radicals. The UV light spectrum of wavelength about 180mn fo 265mm catalyze the oxidation

of organic matter with oxygen foam.

. The norzles can be preferably pointed 10 the center of the reacior in a circular array
in order 10 generate sfable oxveen foam with random turbulence. With randomly generated
nabulence by noxzde arrays, the oxidants generated by the rod electrodes snd the oxidants
generated by the capacitive discharge tube can be mixed uniformly with effluent thus
ephancing the oxidation efficiency. The nozzdes can be located at the top of the reactor or at
one end of the reactor while the fluid exit can be at the bottomn or st other end. This
arrangement helps to ensure removal of sediments and solid precipitants generated by the

oxidation and reduction reaction in the reacior.

w. Venturt and gas injection preferably mukes bubble sive of abowt 10 to 1N micron.
The Ventari exit pressure can be about 1 10 2 bar. The concentration of oxygen 1 the gas can

bie between about 70% to 99%. Gases including, but not linuted to, ClO2, Oxyveen can be
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used in the provess. Oxyzen gas doped with 02 can be used o adjust the pH between aboul

65w 73

A By periodhic reverstng polarty of the slecirodes, hyvdrogen embritilement of the
electrode coating can be prevented sud delanunation of coating uader cathode charge can be
prevented. By also reversing the polarity, the hife of the electrodes can be enhanced by about
S0% o 100%. Scaling caused by precipitation of minerals on the negatively charged

electrodes will separate from the coating in the effluent Bow daring self cleaning cyele of

reversing polarity.

y. The preferred plurality of capacitive discharge tubes and rod electrodes can be
arranged 1w alternate and oircelar arvay, There can also be muliiple civcolay arravs dependmyg
on the diameter of the reactor. The spacing between the rod electrodes and capacinve
discharge tube can be between about 27 10 67, The distance between each circular array can
be between about 27 to 67, The outer metallic shell of the reactor can be grounded electrically

for safetv reasons from the rod electrodes and capacitive discharge tabes.

z. The rod electrodes can be insulated from the metallic reactor using insulators, such
as, but not limued 1o, tubulyr insulators preferably having a thickness of abouwt 1/8” to ¥ n
thickness and about 27 10 67 inn tube length. Similarly, the cathode discharge tube can also be

wmsutated from the wetal reacior, thas, preventing it from a direct electnical short.

Certam further featuves, benefits andfor advantages of the present disclosure, include,

but are not imited 1o the following:

. An eleciro-chemical reactor 1o removed organic contamination and hardness from
agueons solutions using:

{a} an aquecus foam generator for creating mucre sized babbles from oxyesn and
oxone gases at foam qualities between shout 10 and about 30 percent;

{b) Rod anodes with Platimum, DSA (Dimensionally stable anodes (Electrodes)), or
borvon doped diamond with a metal walled vessel for cathode current retun;

{¢)y Capacitate discharge tube lamps containing mercury or deaterivm vapor for pulsed
UV light generation;

(d) a resident time between one and three minutes o compdete oxudation and
precipiiation reactions.

2. Using the apparatus in bepefit 1, oxtdizing recalerent organic compounds using a
pulsed discharge electrode tn oeovvgen foany with:

{a) Voltage exceeding about 30 kY,



WO 2016/076857 PCT/US2014/065232
17

{b} Discharge cathode surround by oxyeen gas envelope in aqueous solution,

ey At least two return anodes to cycle discharge pluses.

Figures 11 through 20 illastrate a paddle electrode assembly In one non-himiting
embodiment an alterngte wrangement of elecivodes of peniagong! shaped fat plates of
definite lenaths and angles can be provided and shown i alternate arrangement i Figwre 11
A preferred, non-limuting, shape for the plate electrode i3 shown in Figure 19, The preferred
pentagonal shape of the plates is different than a conventional regular pentagon. The
disclosed pentagonal shape can be a spectfic convex irregular pentagon with definte lengths
of stdes AB, BC, CD, DE and AE (See Figure 19). The plate s further specific in the sease
that the angles C and D can be preferably 135° and all other angles such angles A, Band E
cant be preferably 90°. Lengths of varions sides can be varied to increase or decrease the
surface avea of the plate, with angles A, B and E preferably maintained at 90" and angles €

and D preferably mamtained at 135 degrees.

o

In another non-hnuting embodiment, the altemate convex wregular pentagonal shaped
plates can have features ot protrusions cast on then to unprove the nwbulence and shear at
high velocities of fluid Bow over the electrodes (See Figures 20a-208). These features can be
arranged v a regular pattern or in random manner. The size of these features can range from
just above O mm o about 3mm X about Smm X about Smm. A zevo measurement resulis ina
flat plate, while when the measurement is above zero # prodace one the non-himiting features
on the plate. The spacing between these features {protrusions} can mange from about 8.2 inch
1o ghout 0.5 inch to abont | inch and as many features as can be accommodated on the plate
without disturbing other features can be provided, though such is not considered linuting. As
the fluid velocity over the festured plate electrodes mcreases, microturbulance and micro
eddies are produced m the vicinity of the electrodes and n between the aliernate plates of the
electrodes which improve the mass transter of oxidative and reductive species in the bulk of
the medimm as well as current flowing through the mediwm. This in turn increases the rates of
oxidation and reduction of various unwanted species i the univeated flmd mcreasing the

averall efficiency of the elecuo-oxidation system.

In another non-hnuting embodiument, the altemate plates can be separsted from each
ather by a certain distance X (See Figure 14a). This distance X can be vaned depending apon
the foad of the flaid i tarms of total dissolved selids ("TDS”) values and the apphcation at
hand. For example, this distance can be reduced to a few nullimeter (about 5-10) wn very low
TDS fluid such gs, but not imited to, sbout 300ppm TDS water or this distance X can be

ncreased to larger values such as, but not limited to, about 10-50 millimeter in high TDS
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fluid such as, but not himited to, gbout 30000 ppm TDS waler. The elecirostatic force (F)
between the two charged plates with charges Q1 and Q2 separated by a distance X 1 given
by F=(Q1*Q2¥K*X") where K depends upon the nature of the fluid medimn. The strength
of electric current is defined by the rate at which an electric charge moves glong a conductor
and through the medium. Thus the current {flowing through the system depends upon the
distance X between the plaites as well as the nature of Mhoed median under (reatment and
hence the distance can be adjusted to respond to the varying nature of the medunn under
tregiment o achieve optimum conditions of flow of electric charges to maximize oxidizing
species prodoction for complete treatment of fhad onder consideration. The fluid under
consideration may be Flow Back Produced Water from oil and gas production fields, H28 /
Mercaptan Contaminated water treatment from refinenies, Hospital Waste Water or

Municipal waste waler.

In stll another non-limiting embodiment, the alternate plates of the pentagonal shaped
electrocatalytic electrode can be separated by distance X asing spacers prefembly constructed
from highly ment nonconducting msulator material such gs, but not hmited 1o, corona
resistant teflon { polvietrafluoro ethylens, PTFE). PTFE provides for an almost universal
chenucal ivertness; complete insolubility i all koown solvents below 300°C; excellent
thermal stability; and unsurpassed electrical properties, mcluding low dielectric loss, low
dielectric constant and high dielectric strength. Furthermore, PTFE does not embnittle at very
high or at very {ow temperatures. Corona Resistant PTFE is a corona resistant form of PTFE.
It s & hbomogeneons insulation baving essentially all of the properties of pure PTFE, but
having approximately a thousand-fold longer high-voltage life. Corona Resistamt PTFE is
uwque among high voltage insulations i its excellent resistance to electro-mechanical and

chemical-mechanical siress cracking.

These spacers 406 can be arranged as shown in Figure 12 and m exploded view in
Figure 13, Twao sets of three pentagonal flat plate electrodes 402 can be held together with
threaded msulator Teflon rods 410. Teflon insulator spacers 406 maintam the distance
between plate electrodes 402, Plate electrodes can be held on insolator rods 410 wah the help
of msulator nats 414, Two plate electrode assemblies can be connected to separate rod
anodes/cathodes 426, Each of the preferred three plaie elecirodes 402 can be connected to rod
anode/cathode 426 through metal threaded rod 438 and metal nots 430, The distance between
the two rod anode/cathodes 426 is maintamed by metal spacers 418 and 432, In this preferred
arrangement two distinctive sets of electrode gssemblies can be held together with msulators

and melal threaded rods. In this way, electrode plates 402 can be connected 1o different
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polarity {positive and negattvel of a DU power supply, Insalator spacer 406 maintains the
distance between each eolectrode plate 402 and can be vaned to a desired distance by
changing the dimensions of spacer 406, In one nov-limibing configuration, the distance
between the electrode plates 402 can range from about 0.37 - 27 or more. This prefered close
procamity of the positively charged and negatively charped electrode plates 402 on the paddls

electrode enhances the overall electrobysis process efficiency.

In stifl another non-lmiting embodiment, the polarity of the alternate pentagonal
plates 402 can be switched {positive become negative and negative becemes positive or
anode becomes cathode and cathode becomes ancde) af ultra high frequencies of about TkHz-
20kHz, even at very high current flows of about 2000 Amperes. The switching frequency
controlled by an electromic control mechanism can depend upon the load on the electrodes in
terms of TDS of the untreated fluid under consideration. The higher the TDS value of the
had under reatment, the ligher the switching frequency and the lower the TDS of the fhuid
under consideration, the lower the switching frequency needed. A3 a non-limiting examples,
a swiiching frequency of 100Hz may be needed at 500 ppm TDS whereas a frequency of
H00H 2 may be needed at 3E00ppm TDS and 200008 may be needed at 80-100,0600 ppm
TDS.

As mentioned above, each paddle electrode assembly rod anodes/cathodes can be
connecied to a DC power supply positive and negative polarity outlet. The DC power supply
has the ability {o reverse the polarty of the power supply at a set frequency desired by the
opevalow? controller. A human maching interface {(HMD screen and user interface can
provides the ability to set and control the frequency to change the electrodes polarity, During
this change of reversing polarity, each set of electrode plates (1) will become either anode or
cathode. An elgctronic conirol mechanism can be designed to switch the polarity of anodes
and cathodes at such ulua lgh frequencies of about 1kHz-20kHz under very high current
flowing conditions of about 2000 mmperes. This ability of being able 1o switch the polarities
of the electrodes at ultra high frequencies provides the self cleaning capability of the novel
pentagonal electrocatalytic paddle electrode which allows the reactor to remain clean by
preventing any scale build vp on the reactor or on the electrode. This m turn improves the
current flowmy efficiency of the electrodes for longer duration which means more efficient
electro~-oxidation and reduction reactions which m s means higher redox potential and

Ingher efhiciency of the whole system.

in siill another non-himiting embodiment, the featured plate electrodes can be coated

with about 10-100um thick chemical laver consisting of Indium Oxide, Ruthenum Oxide,
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Titanium Dioxide, and Platinum Oxide mixed and reacted in defliniie proportions at high
temperatere preferably in the presence of condactive PCD (polverystalline diamond}). The
coating can be applied 1o the electrodes o be able to withstand the ulra high frequency
switching of the polarities at very high cwrent flowing capaciies of about 2000 Amperes.
The electrodes that are not coated with this coating may not withsiand the oltra high
frequency switching and thewr performance can deteriorate within a very short petiod of
operation. Due to application of these coatings, the novel electrocatalvtic paddle electrode has
shown stable performance for long durations of operation in the Held trials. In addition, these
chemicals can also act as catalysis to finther promote the oxidizing and reducing species
formation in addition to electrochenical reactions caused by the flow of electrons through the
medinm such as OH», Oy, O, H;Q4, HO,, Cly, hypochlorous acid (HOC), hypochlorite anion
(CI), chiorite (€10, chlonne dioxide (ClOy) peroxodisulfate { S04, Ferrate (Fe,™),
peroxyearbonate (OO0 and permanganate {MnQy"). Chorate {C1O57) and perchorate (C1O4)
ete. Table 1 and 2 shows the calculated amounts of the oxidizing species formed by
individual paddle electrode at 300ppm and 30000ppm TDS (total dissolved solids) m

untreaied produced flow back water respectively.

Table 1. Caleulated rate of production of oxidizing species @ 304 ppm TDS ontreated

produced water at various current efficiencies of the individoal novel paddle electrode

Maximum Rate of formation {mg/L. sec)
O N DR S
= 1000 | o= RO% 1= 609% 1 = 40% i = 20%
TISE-0Y | A BS2E-01 | 4380E-01 | 2926E-01 | 1.463E-01
OH»
6.R76E-01 | SS0TE-01 | 4. 1268-01 | 2751E-01 | 1.375E-01
HO2-
GRYZE-GT | 5514E-01 | 4133E-01 | 2.757E-01 | 1.37RE-01
H202
6.571E-01 | S237E-01 | 3.942E-01 | 2.628E-01 | 1.314E-01
03
PO3RZE-OT | 8252E-02 | 61R9E-02 | 4,126E-02
O 2 063E-0G2
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Table 2. Calculated rate of production of oxidizing species @ 30000 ppm TDS unireated

produced water at vartoas current efficiencies of the wdivideal novel paddle electrode

Oxidizing Species

Miximum Rate of formation (me L see ™)

= 1009

7= 60%

1y 4%

-

OHe ASRTECO0 | 36T0E-00 | 2TR2ER00 | TRISEA | 91T4E

HOZ2- 4277EF00 | 342TE+00 | 2.566E+00 | L7TIE+00 | 8 554E-01

H202 4323EH00 | 3ASREH00 | 2.594RH0 | 1720E400 | S.645E-01

03 2ES6EH00 | 204SE00 | LINMES00 | L023E+00 | S.ISE0

O A013E-01 | 3210E-01 | 2408E-01 | 1.60SE-01 | RO2SE-02

ciz L934E00 | 1LSATEF00 | LIGIEHO0 | 7737E-01 | 3.8G9E-O1

cioz GA92E-01 | 4874E-01 | 3.655E-01 | 2437001 | [218E-01

HOC LAITER00 | L133E+00 | R499E-01 | 5.666E-01 | 2.433E-01

HCIO2 SI2ZE-0L | 6497E-01 | 4873E01 | 3249E-01 | L624E-01

ClO- TAGAR+00 | LITIEHDD | 878501 2.928E-01
D [174E+01 | 9304E+00 | 7043E+00 | 4.697E+00 | 2.34RE+00

FeOd-- LRTOE00 | 1496E+00 | 1.122E+00 | 7481E-01 | 3.741E-08

S208-- LOZIE+01 | 8167500 | 6.120E+00 | 4.084E+00 | 2.042E+00

C206- 3ASOEHO0 | 23276400 | 1.R0SEH00 | 1263E+00 | 6.317E-01

MnO4- LOTIES00 | SSRTE-01 | G440E-0L | 4.293E-01 | 2.147E-0

As shown in figures 15 and 17, any nambers of these novel electro-catalyvtic paddle

electrodes can be deploved in either & cvlindrical 500 or a rectangular 600 reactor o fulfill

the power requirement of the fluid under consideration depending upon the TDS values, the

flow rates, the capacity of the reactor, the residence time needed 1 the reacior and the degree

of treatment as desived by the customer in the field. Figures 16 and 17 show the internal view

of the paddle electrode assemblies deployed on cylindrical S00 and rectangular 600 {reatment

reactors, respectively, Thus the fluid to be treated enters the reactor i some way and flows

over the desired number of novel electro-catalytic paddle electrodes 402 and the treated fhad

comes out of the reactor 360 or 600, or another reactor or cell reactor. As the untrested fhod

flows over the paddie electrodes many eleciro-chenucal reactions such as precipitation of
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dissolved salts, formation of highly reactive oxidizing and reducing species or radicals and
molecules take place at the electrodes and n the bulk of the fhud which removes the
undesired constituents of the untreated fluid and converls the untreated fuid into treated

fhaid.

Al locations, sizes, shapes, measurements, amounts, angles, voltages, frequencies,
component or part locations, configurations, temperatures, weights, dimensions, values,
percentages, materials, orientations, ete. discussed above or shown in the drawings are merely
by way of example and are not considered Hmiting and other locations, sizes, shapes,
measurements, amounts, angles, voltages, {requencies, compounent or part locations,
confligurations, iemperatures, weights, dimensions, values, percentages, materials,
orientations etc. can be chosen and used and all are considered within the scope of the

disclosure,

Dimensions of certain parts as shown in the drawings may have been modified andior

exaggerated for the purpose of clarity of ilfastration and are not considered Taniting.

Unless {eaturels), part(s), component{s}, charactenstic(s) or function(s) described n
the specification or shown in the drawings for g claim element, claim step or claim term
specifically appear in the claim with the claim element, clam step or claim term, then the
wmyventor does not considered such feature(s), pari(s), componeni(s), characleristic(s) or
funciion(s) to be included for the clam element, claim step or claim term 1 the claim for
examination purposes anmd when and if the clain element, claim step or claim term is
interpreled or construed. Simarly, with respect 0 any “means for” elements i the claims,
the inventor considers sach language (o requare only the minbmal amoont of features,
components, steps, or parts from the specification to achieve the function of the “means for”
fanguage and not all of the festures, components, steps or parts describe 1 the specification

that are related to the function of the “means for” language.

In the above description, numerous specific details arve set forth m ovdet 1o provide a
thorough uaderstanding of the presemt arangements gnd teachings. ¥t will be apparent,
however, o one skilled in the art that the present arrangements and teachings may be

practiced without {imitation to some or alf of these specific details.

Although Hustrative embodiments of the present teachings and arrangements have
been shown and described, other modifications, changes, and substitutions are intended.
Accordingly, it is appropriate that the appended claims be consirned broadly and in a maoner

consisient with the scope of the disclosure, as set forth in the following claims.
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While the disclosure has been described in certain tenms and has disclosed certain
embodiments or modifications, persons skilled in the art who bave acquainted themselves
with the disclosore, will appreciate that & is not necessarily hmited by such terms, nor to the
specific embodiments and modification disclosed herein. Thus, a wide variety of alternatives,
suggested by the leachings herein, can be practiced without departing from the spirit of the
disclosure, and nghts to such alternatives are particularly reserved and considered within (he

scope of the disclosure.
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CLAIMS
What 18 claimed s
1. A electro~catalyvtie paddle electrode assembly, comprising:

a plurality of convex nregular pentagonal shaped at plate elecirodes, each plate
clectrode having a short side, wherein the plurality of plate electrodes arranged o a
pattern where the short side of the plate elecirodes alternate from being either disposed m

a fower postiion or an upper position; and

a plurality of spacers, each of said pheabity of spacers disposed between adjacent

plate electrodes for separating the plate electrodes from each other.

2. The electro-catalvtic paddle electrode assembly of claim | wherein said spacers

constructed fram a Teflon matenial

3. The electro-catalvtic paddie electrode of claim 1 wherein the spacers are adjustable
i length or are of differing lengths o provide for an adjustable vanable distance between

adjacent plates.

4, The electro~catalviic padilie elecivode of claim | wherein an outer surface of the
plate electrodes are provides with profrusions 10 generate microturbulance and microsddies

tocally around the electrode

-

5 The elecuro-catalvtic paddie electrode dssembly of claim 1 wherein each of the
plates having a polarity and the polanity of gliernate plates can be switched back and forth
from positive to negative and negative {0 positive at ulira high frequency rate in the range of

about 1kH-20kHz at very bigh carrent flows of about 200-2000 ampere.

6. The electro~-catalytic paddie electirode assembly of clabm 1 forther comprising a

chenueal costing of about 10~100um thickness apphied on a surface of the plate electrode.

7. The electro-catalytic paddle electrode assembly of claim 6 wherein the chenucal
coating is a muxture of Iridmm Oxide, Ruthenium Oxide, Tanium Dioxide, and Platinum
Orade.

R. The novel electro-catalvtic paddle electrode assembly of claim 6 wherein the
chemical coating acts as & catalyst producing additional oxidizing species in wtreated fhad

Y. The electro-catalyvtic paddle electrode assembly of claim 6 wherem the chemcal
coatings s apphed with a polyerystalline conductive diamond laver alony the surface of the

electrode to further increase the conductivity and stability of the electrode.
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10, The eleciro-catalytic paddle electrode assenbly of claim 1 wherein one or more
the plate elecirodes are deploved w1 a evlindrical or rectangular tank or reactor for treatment
of fhuid wnder consideration within the tank or veactor.

11, The electro~catalytic paddle electrode assembly of clatm 10 wherein treatimesnt of
the Mhuid under consideration is precipiiation or gengration of oxidizing and reducing species
such as radicals or molecalss or tons or the combination of both.

12, The electro-catalvtic paddle electrode assembly of claim 10 wherein said plate
electrodes generating in situ oxudizing and reducing species to echminate undesired
constituents in unireated fluid streams and converting high TDS unireated fhad inlo low TDS

treated fhuid.

13, The electro-catalytic paddie electrode assembly of claim 1 wherein said plate
electrodes are spaced apart at a distance having a range from about 8.5 inches o about 2.0

mches.

14, The electro-catalvtic paddle electrode assembly of claim | wherein said plate

electrodes are in electrical commumecation with a DC power supply.

15 A electro-catalytie paddie elecirode assembly, comprising:

a plurality of convex iregular pentagonal shaped flat plate electrodes, each plate
electrode having a short side, wherein the plorality of plate electrodes arranged W a
patters where the short side of the plate electrodes alternate from being either disposed in

a lower postiion of an upper position;

a plurality of spacers, each of said plurality of spacers disposed between adjacent

plate glecirodes for separating the plate electrodey from each other;

at least one rod extending thvough said plorality of plate electrodes and oriented
substantially perpendicular to the plurality of plate electrodes, at least some of samd

phuratity of spacers disposed along length portions of said at least oune rod;

a first metal rod extending through the plate electrodes of said phuality of plate
electrodes having thew short side disposed in a bottom position, sad first metal vod

oriented substantially perpendicular to the botiem positioned short side plate electrodes;

g first metal spacer disposed along a least a portion of said {irst metal rod;
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a first rod anodefvathode secured to the first metal rod and in eleciricsl
conpnpnication with the bottom positioned short side plate electrodes through the fimt
metal rod; said first rod anode/cathode mamtained 1 positon with respect to the bottom

positionad short side plate electrodes by said fivst metal spacer;

a second metal rod extending through the plate electrodes of said plorality of plate
elecirodes having their short side disposed in a top posttion, said second metal rod

oriented substantially perpendicular to the top positioned short side plate electrodes;
a second metal spacer disposed along a least a portion of said second metal rod;

a second rod anodefcathode secured o the second metal rod and in electrical
conununication with the top posttioned short side plate electrodes tlwough the second
metal rod; said second rod anode/cathode maintained in position with respect to the top

posttioned short side plate electrodes by said second metal spacer.

16. The electro-catalyiic paddie electrode asserably of clatm 15 wherein said spacers

constructed freon a Teflon matenial

17. The electro-caialvtic paddle electrode of claim 13 wherein the spacers arg
adjastable v length or are of differing lengths to provide for an adjustable vanable distance

between adjacent plates.

1. The eleciro-catalytic paddle elecirode of claim 13 wheremn an outer surface of the
plate electrodes are provides with protrasions to generste microturbulance and microeddies

focally around the electrode

19, A electro-catalytic paddle electrode assembly, comprising:

a pluarality of convex iregular pentagonal shaped flat plate electrodes, each plate
electrode having a short side, wherem the plurality of plate electrodes arranged in a pattern
where the short side of the plate electrodes alternate from being either disposed in a lower
positiop of an upper position, an outer surface of each of the plate electrodes having
profrusions to generate microturbulance and muicroeddies locally around the electrode, smd
plate electrodes are spaced apart at 8 distance having a range from about (1.5 inches 1o about

2.8 mches;

a plurality of Teflon spacers, each of sald phwality of spacers disposed between

adjacent plate electrodes for separating the plate electrodes from each other;
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at least one rod extending through said phurality of plate elecirodes and oriented
substantinlly perpendicalar to the phuality of plate electrodes, at least some of said

plurality of spacers disposed along length portions of smd at least one rod;

g first metal rod extending through the plate elecirodes of said pluahiy of plate
elecirodes having their short side disposed i a hottom position, said first metal rod

ortented substantially perpendicalar to the bottom positioned short side plate electrodes;
a first metal spacer disposad along a least a povtion of said firyd metal rod;

a first rod anodefcathode secured (o the first metal rod and w electrical
conmnunication with the bottom positioned short side plate elecirodes through the first
metal rod; said first rod anode/cathode maintained in posttion with respect to the botiom

postiioned short side plate electrodes by said first metal spacer:

a second metal rod extending through the plate electrodes of said plurality of plate
electrodes having their short side disposed in a top position, said second metal rod

oriented substantially perpendicular to the top positioned showt side plate electrodes;
a second metal spacer disposed along a least a portion of said second matal rod;

a second rod anodefcathode secured to the second mwetal rod and m electrical
commumication with the top positioned short side plate electrodes through the second
metal rod; said second rod gnode/cathode maintamed in position with respect to the top

positioned short side plate electrodes by said second metal spacer.

20. The glectro-catalytic paddie electrode assembly of claim 19 whersin each of the
plates having a polartdy and the polanity of aliernate plates can be switched back and forth
from posttive 0 negative and negative to positive at ultra lugh frequency rate in the range of

about 1kH-20kHz at very high current flows of about 20G-2000 ampere,

21. The electro-catalvtic paddle electrode assembly of claim 19 further comprising a
chemical coating of abmsg 10-100pum thickness applied on a surface of the plate electrode,
wherein the chemical coating 18 a mixture of Iridiom Oxide, Ruthentum Oxide, Thanhim
Dioxide, and Platinum Oxide and the chemical cogting acts as a catalyst prodocing additional
oxidizing species in untreated fhad; wheretn the chemical coatings i3 apphed with a
polycrystalline conductive diamond layer along the surface of the electrode to further

tncrease the conductivity and stability of the electrode.



WO 2016/076857 PCT/US2014/065232

22, The electro-catalvtic padidie electrode assembly of clainy 19 whergin ong or more
the plate elecirodes are deploved w1 a evlindrical or rectangular tank or reactor for treatment
of fluid under consideration within the tank or reacior; wherewn tregtiment of the flind wnder
consideration Is precipitation or generstion of oxidizing and reducing species such as mdicals
or molecales or tons or the combination of both; wherein said plate electrodes generating in
sttt oxidhizing and reducing species {0 ehminate undesired constituents m wareaied fwid
streams and converting high TDS untreated fluid imto low TDS treated fuid.

23, The electro-catabvtic paddle electrode assembly of clamny 19 wherein said plate

electrodes are i electrical communication with a DC power supply.
24. A sysiem for treatment of an mfluent, said system comprising:

an electro~chemical cell reactor defiming a treatment area within, said electro-chemical
cell reactor having one or more rod electrodes operatively disposed within said treatment
area, a first end of each of said one or more rod electrodes extending outward and externally
located with respect 1o said electro-chemical cell reactor, each of said one or more rod

electrodes having a polarity;

a plurafity of let nowzdes in fuid conmmunication with said electro-chenucal cell

reactor for delivering influent under high pressyre: and

at least one power supply in electrical communication with said one or more rod

glectrodes.

25, The system for treatment of an mituent of claim 24 further comprising 8 mamifold
i conumuaication with said plurality of inlet nozzles, said manifold in connmunication with
an influent line which apon receipt of nfluent by the manifold from the mfluent hine said
infleent i3 divided and distributed through said plurahty of inlet nozeles and delivered under

high pressure o the treatment area.

26. The system for treatment of an miluent of clum 24 whergin smd electro~chentical
cell reactor defining a raw influent poassageway, said raw miluent passageway separate and

iselated from said ireatment area withun said slectro-chemical cell reactor,

27. The system for treatment of an mfluent of clasm 27 farther comprising a source of
gas or oxygen and g venturi configuration, said venturi configuration m communication with
an influent indet hine and in communication with the source of gas or oxygen, wherein said

ventari configuration injects the sowrce of gas or oxygen into a stream of received influent to
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provide for a mixed oxidant influent that is provided mio the treatment area through the

ploratity of nozeles.

28, The system for treatment of an mfluent of claim 26 furiber comprising a source of
gas or oxvgen and g venturi configuration, satd venturi configuration in communication with
an influent outlet of said raw influent passageway and in communication with the source of
pas or oxvgen, wherein said venturt configeration injects the soarce of gas or oxygen nto a
streamy of received mnfluent received from sard raw wnfluent passageway o provide for a
mixed oxidant influent that is provided into the treatment wrea through the plurality of

norzles.

29 The system for treatment of an wmfluent of claim 24 wherein said at least one

power supply is at least one DC power sapply having a polarnity.

30. The system for treatment of an influent of claim 29 wherein the DC power supply
polarity is pertodically alternated which causes the polarity of each of the electrodes o be

periodically reversed in order to mitigate electrode surface scaling.

31 The sysiem for reatiment of an influent of claim 24 wheremn sach of saxd pluralisy
of nowzles having a discharge end, wherein sald discharge end is disposed within smd

treatment area for directly delivering the influent under high pressore into the treatment area.

32, The system fiw treatment of an influet of claim 31 wherein said pluraliy of

nozzles are positioned in a civcular array with respect to said electro-chemical cell reactor.

33, The system for treatment of an influent of claim 24 further comprising one or
more capacitive discharge tubes operatively disposed within said treatment area, a first end of
each of said one or more capacitive discharge wbes extending cutward and externally located

with respect {o said electro~chemical cell reactor,

34, The sysiem for weatment of an mfluent of claim 33 wheram said one or mors
capacitive discharge tubes iy a plurality of discharge wbes and saxd one or more rod
electrodes is a plurality of rod electrodes; wherein said plurality of capacitive discharge tubes
and said pluraigy of rod electrodes are posttiomed with respect to said electro-chemical

reaclor cell such that they form an outer circular armay and an mwer circalar array.
35 A sysiem for treatment of an mfloent, said systew comprising:

an electro-chenmical cell renctor delining a treatment area within, said eleciro-chemical

cell reactor having a phuality of rod electrodes and 8 phurality of capacitive discharge tubes
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operatively disposed within said freatment area, 8 first end of each of said plurality of rod
electrodes and a f{irst end of sach of said plurality of capacitive discharge tubes extending
ortward and exiemally located with respect to sard electro~-chemcal cell reactor, each of said

plurality of rod elecirodes having a polaniy;

a phuality of inlet nozzies m fluid communication with sald electro-chemucal cell

reactor for delivering mfhuent under high pressure; and

at least one DC power supply having a polarity i electrical comumunication with said

phurahity of rod elecirodes and said plurality of capacitive discharge wbes.

36. The system for treatment of an influent of claim 35 further conypmising a manifold
in communication with said plurality of et nozedes, said mantfold n comnunucation with
an mfluent line, wherein each of said plurality of nozzles having a discharge end disposed
within said treatment area for diectly delivering the influent under high pressure into the
treatment area; wherein upon receipt of influent by the manifold from the influent line said
mftuent is divided and distribngted through said plurality of inlet nozeles and delivered under

high pressore mito the reatment area.

37 The system for treatment of an nfluent of claim 35 wherewn spid electro~chemical
cell regctor defining a raw influent passageway, said raw nfluent passageway separate and

isolated from said freatment area within said electro-chemical cell reactor

3&, The sysiem for treatment of an nfluent of claim 35 farther comprising a source of
gas or oxygen and a venturi conflguration, satd ventunt configuration v communication with
an influent inlet hine and in commuanication with the source of gas or oxygen, wherein said
vertturt configuration injects the source of gas or oxygen inte a stream of received influent to
provide for a mined oxidant influent that 15 provided inio the reatment avea through the

phaality of nozzles.

-

39, The system for treatment of an influent of clgim 37 further comprising a source of
as or oxyuen and a venturt configuration, said ventari configuration in communication with
an influent ouilet of said raw wfluend passageway and in communication with the source of
gas or oxyveen, wherein satd venturs configuration injects the source of gas or oxygen mto a
stream of received influent recerved from said raw influent passageway to provide for a
nmiixed oxidant nfluent that iy provided info the freatment area through the plurality of

norsles,
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40, The system for tregiment of an influent of ¢laim 33 whergin the DU power supply
polarity 18 pertodically alternated which causes the polarity of each of the electrodes to be

periodically reversed in ovder to mitigate electrode surface scaling.

41, The sysiem for treatment of an influent of claim 36 wherein said plurality of

nozzles are posiiionad in a circular array with respect o said electro-chemical cell reactor.

42. The system for treatment of an influent of claim 35 wherein said phuality of
capacitive discharge tubgs and said plurality of rod electrodes are positioned with respect 1o
said electro~chemical reactor cell such that they form an ouvter civeular array and an inmer

cirgular array,



