1 ADVANCED ELECTRO COAGULATI ON DEVI CE AND PROCESS OF USI NG THE SAME FOR
WASTEWATER TREATMENT Field of the Invention [0001] The present invention
generally relates to a device and process for renoving contam nants from
wast ewat er by el ectrol ysis processes, an nore particularly to an advanced
el ectro-coagul ati on device that conprises el ectro-coagul ati on and el ectro-
catalytic precipitation cells, and at | east one el ectrode surface activator
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(e.g., donestic consunption, and industry applications); it inposes a grave
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from wast ewat er-generating industries. [0003] Electrolysis process (often

r ef er r eddeyécedp 8 conigruoHg andeqshiless MEWAT.proven to be able to treat a
vari ety of wastewater including paper pulp mll waste, netal plating,
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chromate, |ead and nercury- Badafroahd b et Bwvedisiest i ¢ sewage, and

radi oactive materials. It has the capability of renoving a |arge range of
contam nants under_a variety of conditions ranging from suspended solids,

heavy melP892: pet r Blagigvpisr ouibes appliesioarrefervin aty @quevs dluid thgt woheutipsier

2?2:?’ Cotg%ﬁﬂﬂggtsigﬂgtn %%Eélggéllb I %’rvg oen(rg{lm\ﬁ\ﬁgr? br 1n£1r1]s%r};[ gp%?i%ﬁ?orﬁtorpd’is%\ﬁgrdg%%ro% ear,
any facility because of the existence of natural or artificial contaminants. The
contaminants include organics, particulates, sub-micro particles, microorganisms such as
viruses and bacteria, and dissolved metals. Wastewater is being continuously generated by
nature (e.g., storm, mudslides, animals, and growth of microorganisms) and human
activities (e.g., domestic consumption, and industry applications); it imposes a grave
challenge to provide suitable water supply for human consumption and industry
applications because of limited water reservoir on the Earth. Therefore, wastewater
treatment is critical for provision of reusable water and limit of spreading of contamination
from untreated discharge from wastewater-generating industries.

[0003] Electrolysis process (often referred as electrocoagulation) has been proven
to be able to treat a variety of wastewater including paper pulp mill waste, metal plating,
tanneries, caning factories, steel mill effluent, slaughterhouses, chromate, lead and
mercury-laden effluents, domestic sewage, and radioactive materials. It has the capability
of removing a large range of contaminants under a variety of conditions ranging from:
suspended solids, heavy metals; petroleum products, color from dye-containing solution,
aquatic humus, and defluoridation of water. The treatment provides clear, clean, odorless

and reusable water.



2 [0004] Electrocoagulation is a conplex process with a multitude of
mechani sns operating synergistically to renove contam nants from

wast ewat er. El ectro-coagul ation enploys a pair of electrodes to neutralize
smal | charged particles in coll oidal Hspension. The el ectrodes are
usual |y made of alum numor iron. Wien“the el ectrodes (anode and cat hode)
are subjected to a specific current density, the anodes are oxidized and
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hydroxyl ‘precipitate (Al pendi ng on
cationic/anionic complexes can effectlvely destabilize contammant particles by adsorption

and charge neutralization, resulting agglomeration due to the attractive van der Wall forces
and formation of stable precipitates that could then be separated by conventional
separation technique. Typical chemical reactions at both the aluminium anode and cathode

are shown below:

[0006] Anode:

[0007] Alg— Al oq+3¢ (lose electrons)

[0008] AP o F3H,0—Al(OH) +3H"

[0009] nAl(OH) ;—>Al,(OH) 3,

[0010] Cathode:

[0011] 2H,0+2e—H2(g+20H

[0012] AP*+3 e —Al (gain electrons)

[0013] The electrochemical dissolution of the aluminum anode produces A*" ions

which further react with OH" ions (from cathode), transforming AI’** ion initially into
Al(OH) 3 and then into the gelatinous hydroxyl precipitate (Aln(OH) 3,). Depending on the
pH of the wastewater, different ionic species will also be formed in the medium such as:
Al(OH) **, Al;2(0OH),**, and AI(OH)4. At the cathode, hydrogen (H,) gas and hydroxide




pH of the wastewater, different ionic species will also be forned in the
medi um such as: Al (OH) 2+, A132(OH) 2 2+, and AI(OH)4. At the cathode,
hydrogen (H2) gas and hydroxide 3 (OH4) ions are formed fromthe division
of H20 and di ssolved netals are reduceqd to their elenental state.(i.e.
Al131). [0014] The el ectrochem cal disstlution of the iron anode produces
iron hydroxide, Fe(OH),, where n=2 or 3. There are two proposed nmechani sns
for the (PHddens asp femedHeom itheodivisyay o2 and dissolvevemgialsaart mesuseditouipiium
hydr oxyl precjpitate ( (OH) 311i), the iron hydroxide precipitate
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--4Fe(OH) 3(s) +8H+(aq) . [0018] Cat hode: [0019] 8H+(aq) +8e ->4H2(g) [0020]
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[0015] Anode:

[0016] 4Fes) —Fe**uq+8¢ (lose electrons)

[0017] 4Fe (1t 10H,00y+05(g) —4Fe(OH)3+8H g
[0018] Cathode:

[0019] 8H' (o) +8e"—4H,

[0020] Overall:

[0021] 4Fe(syt 10H200y+0x(g) —4Fe(OH) 35+ 4Hag)
[0022] Anode:

[0023] Fes) »Fe* gt2e” (lose electrons)

[0024] Fe?" 4q120H (o) = FeOHy

[0025] Cathode:

[0026] 2H,O0qy+2e =HygH20H (5

[0027] Overall:

[0028] Fe(s+2H,0q) —Fe(OH) 55+ Ha

[0029] A typical electrocoagulation reactor contains a series of substantially

parallel electrolytic plates or electrodes through which the wastewater to be treated travels
in a serpentine path while being exposed to a strong electric field or voltage. For the past
twenty over years, in order to try to find a more environmentally friendly way to treat
wastewater, many electrocoagulation (EC) systems were designed and built for many

wastewater treatment applications. For example, US 2002/0040855 A1l discloses an



in a serpentine path while being exposed to a strong electric field or

vol tage. For the past twenty over years, in order to try to find a nore
environnmentally friendly way to treat wastewater, many el ectrocoagul ati on
(EC) systens were designed and built fqor many wastewater treatnent
applications. For exanple, US 2002/ 0044855 Al discl oses an 4 apparatus for
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reduce the sludge by increasing the
provision of a helical cathode in the form of a helically wound coil of a wire or rod of
circular cross section provides an arrangement in which the cell is automatically self-
cleaning in that the coagulated precipitates are carried from the cell by the flow of the
water. However, the construction of such a helical cathode is a challenge and increases its
cost. In addition, CN 01108767.6 discloses an EC device with a wiper to remove any
deposits from the surfaces of electrodes. However, the wiper is in firm contact with
surfaces of electrodes, and this causes unnecessary wearing out of the electrodes.
[0032] Attempts also have been made to reduce the sludge by increasing the
flocculants. For example, U.S. patent 6,719,894 discloses an apparatus for treating
organics, particulates and metal contaminates in a waste fluid. The apparatus has a
pressurizing means for pressurizing waste fluid to be treated in the reactor vessel so that
water, organics, particulates and metal contaminants form dissolved gases and form

precipitate particles in the pressurized waste fluid. When the pressure of the treated waste

fluid is reduced, dissolved gases evolve from the waste fluid causing said precipitate



floccul ants. For exanple, U S. patent 6,719,894 discloses an apparatus for
treating organics, particulates and netal contamnates in a waste fl uid.
The apparatus has a pressurizing neans for pressurizing waste fluid to be
treated in the reactor vessel so that _water, organics, particul ates and
metal contam nants form di ssol ved gase§ and form precipitate particles in
the pressurized waste fluid. Wien the pressure of the treated waste fluid
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precipita articles to float to a fluid surface for renoval. However,
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I nvention [0033] Therefore, there is an inperative need for an

el ectrocoagul ation device and nethod that can treat wastewater in a

conti nuous and cost - ef f ect i veSwenmraay of tldoBwiention one aspect, the present
invention provides an el ectrocoagulation (EC) device for treating aqueous
fluids w conta where the EC devi rises a luralit
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plurali g%la%}c % \t(‘\fnpaq{ §1’eat%\}§{1g 'cell%?l? w‘%&e }ge' Sq{ugl)lﬁ g d% unl ﬁrgt %lgﬁtt(‘)'\?xeadéa?cent

el ectro erern th e W pe cl ose

proxi m tieactfonk be tigw tHeavasntharteileb&ohieq@trtipbad ﬂ@ccmm dndeludigp af Sie@h@ 1 N
notion, and wherein the wipers in notion keeps the surfaces of the
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are made,@fyed] B Y Rent Blectrode plates, and wherein the wipers are lightly in touch or in
close proximity of the surfaces of the electrode plates when the wipers are in motion, and
wherein the wipers in motion keeps the surfaces of the electrode plates from passivation;
and a sealed chamber within which the electrode plates and ESA unit are disposed.
[0035] In one embodiment, in the EC device, the electrolytic plates are fabricated
from material selected from the group consisting of iron, titanium, platinum, steel,
aluminum, copper, carbon, metal-impregnated plastics, ceramics or a mixture thereof. In
another embodiment, in the EC device, the electrolytic plates are made of aluminum. In
another embodiment, in the EC device, the electrolytic plates are made of iron. In yet
another embodiment, each of the electrolytic plates has a hole allowing the aqueous fluids
to pass through from one cell to another; wherein the holes on two adjacent plates are
opposite cross the center. In still another embodiment, all the anode electrode plates are
connected to one bus-bar and connected to the positive terminal of a DC power supply; and
wherein all the cathode electrode plates are connected to another bus-bar and connected to
the negative terminal of the DC power supply. In yet another embodiment, the bus-bar is

made of copper or copper coated or plated with tin, silver or gold.



anot her enbodi nent, in the EC device, the electrolytic plates are nmade of
iron. In yet another enbodinent, each of the electrolytic plates has a
hol e all owi ng the aqueous fluids to pass through fromone cell to another;
wherein the holes on two adjacent platgs are opposite cross the center. In
still another enbodiment, all the anod€ el ectrode plates are connected to
one bus-bar and connected to the positive termnal of a DC power supply;
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[0038] In another embodiment, all anode electrode plates are sacrificial so as to
form an electro-coagulation device. In another embodiment, all anode electrode plates are
not sacrificial so as to form an electro-catalytic device. In another embodiment, the anode
electrode plates are made of carbon. In another embodiment, at least one anode electrode
plate is different from the rest (e.g., sacrificial vs non-sacrificial) so as to form a hybrid EC
device.

[0039] In another embodiment, the aqueous fluids with contaminants are any
aqueous solution that needs to be treated before its use. In another embodiment, the
contaminants include organics, metals, microorganisms, and sub-micro particles.

[0040] In another aspect, the present invention provides an electrocogulation
system for treating aqueous fluids with contaminants, where the system comprises a pre-
treatment unit for receiving the aqueous fluids to be treated; a post-treatment unit for
receiving the aqueous fluids being treated; and a plurality of anode electrode plates and

cathode electrode plates, wherein the anode and cathode electrode plates are arranged



el ectrode plates are nade of carbon. In another enbodi nent, at |east one
anode electrode plate is different fromthe rest (e.g., sacrificial vs
non-sacrificial) so as to forma hybrid EC device. [0039] In another
enbodi ment, the aqueous fluids with cogt am nants are any aqueous sol ution
that needs to be treated before its us I n anot her enbodi nent, the
contam nants include organics, netals, mcroorgani sns, and sub-mcro
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and ESA unit e di s osed. 0041 I et, anot her aspect, the present
i nventi o?ﬂuﬁ?ﬁﬁﬁ‘ﬂg%w}i SPyamiantsys ntgrtgglﬁ?\%e artﬁlq*é(étﬁﬁ’sprf’}’@?%erﬁnt h contani nants

usi ng thgoigvi ce ange s¥whn Q)rf Qiyd gr%ged?% fon [O04he %‘?tgﬁé:h\f APLAGRwer t NE

present invéention is that e treatnent o wast ewat er econes cont i nuous
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configured to treat all types of pollutants in wastewater in one pass.
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[0044] Another advantage of the present invention is that electrodes are activated at
all times by an electrode surface activator unit, ensuring high efficient electro-chemical
reaction. The electrode surface activator unit keeps the electrode surfaces clean, reduces
metal depletion and controls the amount of passivation as required by the process.

[0045] Another advantage of the present invention is that the processing speed of
waste water is 2 to 5 times faster than EC machines made by others.

[0046] Another advantage of the present invention is that the separation of
flocculants from water is 2 to 5 times faster than EC machines made by others.

[0047] Another advantage of the present invention is that flocculants floats due to
efficient utilization of hydrogen and oxygen gas given off by the EC cell.

[0048] Another advantage of the present invention is that very much lower electric
power consumption than EC machine made by others.

[0049] Another advantage of the present invention is that any odor and color of the

processed water is removed or greatly reduced.



[ 0044] Anot her advantage of the present invention is that el ectrodes are
activated at all tines by an el ectrode surface activator unit, ensuring
hi gh efficient electro-chem cal reaction. The el ectrode surface activator
unit keeps the el ectrode surfaces cIeaB, reduces netal depletion and
controls the anount of passivation as Fequired by the process. [0045]

Anot her advant age of the present invention is that the processing speed of
wast e wal08g0li s 2 t Angther tags 1o the prasert@vention icbatpairogsys thakieris anfl0046]

Anot her ﬁlﬁl&g%%g&%n%pge%ggégfrg%v%élﬁigﬁitogs ,.b&%t hat the separation of

fl occul ants m wa er’ 't han EC machi nes nmade by

others. [008Y7] AnotTerobpsdtiasy adethdr ddhantpd R e Me inbatRidhivall BeSorh®apparent
flocculants floats due to efficient utilization of hydrogen and oxygen gas

gi ven of fropythefallewingdetailed ptyagptmpor ieleatpd ambogiments theseqiria sepredtinent i on

i s that et i ¢ power consunption than EC machi ne nade by
ot hers. ﬁéi@%&ﬁ%&%ﬁﬁﬁg&%&gﬁggge of the present invention is that any odor
and color of the processed water is renoved or greatly reduced. 8 [0050]
Anot her advantage of the present inventign is that pathogens (bacteria and
mi cro-organi sms) are kil | edPast Despiption gl theDragvings 990 [ 0051] The

obj ectives and ot her advantages of the invention wll becone apparent from

the fol |l puiy3g det aj LRt . rr emhodi nent.s_ t hereof ,in
connect i Geoala; th ¢ hisRandiESELEIAN BlcRHRL SbUP o RRRC TR Fn WG R SR £t
Dr awi ngsddsofibd] whthefeféreret enthedrigerssirmehhdiiltgrdferchbe npmesdteddy ¢ikki on
w Il now be described with reference to the Figures, in which |ike

ref er encBSWEMeEr al s denote like el enents. [0053] FIG 1 is a block diagram

ermbodi o9t (e brosent LA anri e BB g, (RS AEERRARIGY s in, o
cr oss- seaicomianed @ith ofie tibodiinent sfahopgsdminventioslevi ce in accordance with one
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present 4R¥&Thia88brdance with one embodiment of the present invention.
[0055] FIG 3 shows a plan view of the outlet end of the EC device in accordance
with one embodiment of the present invention.
[0056] FIG 4 shows a plan view of the inlet end of the EC device in accordance
with one embodiment of the present invention.
[0057] FIG 5 shows a schematic cross-section view of the configurations of the
electrode plates 11, and the wipers 20 and wiper drive shaft 21 of the ESA unit within the
sealed chamber of the EC device in accordance with one embodiment of the present
invention.
[0058] FIG 6 shows a schematic cross-section view of a first type of electrolytic
cell (A-cell) in accordance with one embodiment of the present invention.
[0059] FIG 7 shows a schematic cross-section view of a second type of electrolytic
cell (B-cell) in accordance with one embodiment of the present invention.
[0060] FIG 8 shows a partial schematic cross-section view of the configuration
among the electrode plates and wiper in accordance with one embodiment of the present
invention.
[0061] FIG 9 shows an illustrative view of a wiper with two blades in accordance

with one embodiment of the present invention.




[0056] FIG 4 shows a plan view of the inlet end of the EC device in
accordance wth one enbodi nent of the present invention. [0057] FIG5
shows a schenmatic cross-section view of the configurations of the

el ectrode plates 11, and the wi pers 20 and wi per drive shaft 21 of the ESA
unit within the sealed chanber of the9EC device in accordance with one
enbodi nent of the present invention. [0058] FIG 6 shows a schematic
cross-sef@bzin vi ewl'lF 16 showsan illpsteatok védve of a elipdrivath foat bla(éy-inak¢drdane

accordance.w th one. _enbodiment of. the present invention. [0059] FIG 7 shows
a scherraf"‘ltéoé‘FSE’g &’@l‘?‘f%ﬂt'}’slpé‘?ﬁ‘)e‘&fln‘étmg@gond type of electrolytic cell

(B-cel I') jgogsjaccor danga 1W 44y Prs 1eB09dLARRL Ak dR o%%ss%@ﬁoﬂ QRN AAPPran[ 0060]
FIG 8 shovvs a partial schematic cross-section view of the configuration
anong t heiesl eespediielplodtths wipdr i peroidance sothd anc embiotdimerteofethisopliesantt  of

t he pr esent t'i nvention. [0061] FIG 9 shows an illustrative view of a w per
with twoBFRY¥s in accordance with one enbodi nent of the pr esent

i nvent i ofpos4] [0062FI(E|I§A1Q1§PKY\QzBr‘Shb{V|slé%tﬂlﬁ&tké(ﬁ/eVdr@é/é{ Qbtigh WeResindpla four
bl ades in accordance w th one enbodi nent of the present invention. [0063]

FI G 11 AvigmdrespativelyBos thevwipgn in lhbegsdaneri wigh enotber swbodiorent o€ heaprgsgitan
Vi ew resp%ﬁ veI y of the wi per in accordance with one enbodi nent of the
present "l RVent i on. [0064] FIG 12A and FI G 12B shows an illustrative

Cross- seoss]n Vi eWFERd 3Pl @il FIG @3B shsHe Gl iVgbtyatik drb&-wtRe! view atcplagance
wi th anot her enbodi nent of the present invention. [0065] FIG 13A and FIG
13B showEicsh resppetitelntof \ike oripes is @ceordanes wighapree smidedingnvefy dsprissentel v of
the wi pe{néje]ri}@ccordance with one enbodinent of the present invention.

[ 0066] F and FI G 14B shows an illustrative cross-section view and

plan vi pesslespect Fi@I1¥Acind RES WHB&shovs adGUosteaive eridst Sec@ie viewbadi pant  of
the present invention.
view respectively of the wiper in accordance with one embodiment of the present
invention.
[0067] FIG 15 shows a schematic view of the basic electrical connections among
the electrolytic plates, bus-bars, wiper motor and power supplies in accordance with one
embodiment of the present invention.
[0068] FIG 16 shows an illustrative view of the process of wastewater flow

through and within the EC device in accordance with one embodiment of the present

invention.

Detailed Description of the Invention

[0069] The present invention may be understood more readily by reference to the
following detailed description of certain embodiments of the invention.

[0070] Throughout this application, where publications are referenced, the
disclosures of these publications are hereby incorporated by reference, in their entireties,
into this application in order to more fully describe the state of art to which this invention
pertains.

[0071] While the description will relate to many specific elements and techniques
in order to better illustrate the principles of the present invention, it is to be appreciated
that the present invention is not limited to the specific descriptions. The present invention

can be practiced with variations to any specific elements and techniques without departing



[0067] FI G 15 shows a schematic view of the basic electrical connections
anong the electrolytic plates, bus-bars, w per notor and power supplies in
accordance with one enbodi nent of the present invention. [0068] FIG 16
shows an illustrative view of the process of wastewater flow through and
within the EC device in accordance wi t/§ one enbodi ment of the pr esent
invention. Detail ed Description of the Invention [0069] The present
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and the sludge is collected at the bottom for further treatment. Dosing small amount of
polymer will make the flocculants bind and float more effectively. The separation can
employ any known methods including filtering and precipitating. The pre-treatment and
post-treatment can be done using any known methods. Thus, no further details will be
provided herein.

[0073] In one aspect of the present invention, there is provided an EC device that
comprises a plurality of electrolytic cells and an electrode surface activation (ESA) unit,
where the EC device can treat a wide range of wastewater in a continuous and cost-
effective manner.

[0074] Now refer_ring to FIG 2, there is provided an illustrative side view of the EC
device in accordance with one embodiment of the present invention. The EC device 3
comprises a plurality of anode and cathode electrode plates 11, two bus-bars 12 for
electrical connections to anodes and cathodes, two end bracket/stand 13, end insulators 23,
cell stack 14, base frame 15, inlet (inflow) 16, outlet (outflow) 17, and an ESA unit
including a wiper motor 18, a reduction gearbox 19, a plurality of wipers 20 (first shown in

FIG 5), and wiper drive shaft 21 (first shown in FIG 5). The cell stack 14, the end




efficiency. The EC device 3 perforns the electrolytic treatnent, where the
device and its operation will be detailed hereinafter. The post-treatnent
unit 4 includes at |least one tank for receiving the affluent fromthe EC
device. The post-treatnent unit separgtes the clean water fromthe
floccul ants and sl udge so that the fl dcul ants are coll ected fromthe
surface and the sludge is collected at the bottomfor further treatnent.

Dosi ng simailatoasddrandothe tpol e bragkét!starsk €3 tthen fa seabadl ehansbebiwithinrvhith oat
nore effectively. . The separatiaon can nmpl known,. et hads | ncl udi ng
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herein. [0073] In one aspect of the’ﬁqresent i nvention, there is provided an
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EC device in accordance with one enbodi nent of the present invention. The
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inlet (ifsdhowy. The colltstaek, dndbrhdkevdtadd] and hdscaftarzSmaybetmadenst] daglisagatde Wi per
notor 18, a reduction gearbox 19, a plurality of wipers 20 (first shown in
FIG 5), RAEHN Beanydmoyn ephmques) Iy eerfain cmbadiments, thegurable maderiady inclydeck 14,
the end 11.j ts t t t/stand 13 forma seal ed
chanber Svjt\nél?k?sﬁ% ’|lc(§1r§’ of gt eg1 tgggdeils b@%%é%@gg ed. The interior of the
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one enbodi t. T interi.or, y be.in any ot her shapes that are suitable
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pol ygon aRapesclyoRitBache R84} tRihbd! TR él@ctmﬁo lg%stxﬁr'ﬁxebé PreiRRgRnR" € not

critical for the practice of the present I nt gap or space
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made of aluminum. In another embodiment, the electrolytic plates are made of iron. The
two bus-bars 12 connect the electrolytic plates alternatively so that every two adjacent
electrolytic plates form an electrolytic cell. All the anode electrode plates are connected to
one bus-bar and connected to the positive terminal of a DC power supply. All the cathode
electrode plates are connected to another bus-bar and connected to the negative terminal of
the DC power supply. In one embodiment, the bus-bar is made of copper or copper coated
or plated with tin, silver or gold. The bus-bar may be also made of other metals including
gold, silver, or the like. As shown in FIG 2, in one preferred embodiment, the interlaced
electrolytic cells with the electrode plates are mounted vertically and the EC device is
mounted in a horizontal position. The horizontal orientation with vertical electrode plates
reduces the accumulation of bubbles on the surfaces of the electrode plates. It is to be
appreciated that other orientations like vertical one may also be used in the present
invention.
[0076] While there are thirty electrolytic cells shown in FIG 2, the number of

electrolytic cells within one EC device will vary according to specific applications. In one



material by any known techniques. In certain enbodi nents, the suitable
materials include stainless steel, iron, engineering grade plastics, or
ceram cs. [0075] The plurality of anode and cathode el ectrode plates 11 are
substantially parallel netallic electrolytic plates disposed substantially
parallel to each other alternativel y1 ithin the seal ed chanber. The
electrolytic plates may be fabricated from material that may sacrifice or
donat e i embodimeninthel E¢ dedte/bassufiiaerd swmbersaff eelbioyallomhibe prastewster tmstape
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bus-bar and connected to the ne&g,tl ve term nal of the DC power supply. In
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enbodi nedibtandetetwédnaivoatacks isabe@ty ol 1¥trhg. cel I's with the el ectrode pl ates
are mounted vertically and the EC device is nounted in a horizontal

posi ti onl99%he hor i Hesninlat (Bilosn 8 tekes wastewajer fromahe preceatmert wiit? edhe

reduces i c

atoa. (it RARHOY) 7 LBk The BUARN Sphelalchin the BEAX QbR POSUORTe

may al sopumepsusddiaives e b neglentconiroiviaa flioon. In ol émbollhidng thé &le papesistabi rty

electroll%{?ic cel,l s sh number of electrolytic cells within
i

one EC d¥i®d 3l e %ﬁ%@%@é%% ér_t%lqggﬁ isievidentihph bath thegpiet apdhowirs can
enmbodi Megid oonfifdBreaGt ‘i'l’f'evéa%ﬁe Qﬁisas?‘dﬁé ' hﬂ@ﬁr(pﬂrrg)é%ixcvﬁ; ﬁqetcﬁltﬁé\k/%@fotrgies

wastewater to stay 1n the EC device for about to 1 seconds. It

evi dent thhatflavhis fubngtated vithimehefHS dewiers tlawat embbdinsinhyboitinof the ie pipé |
depend on Jqrul tipl.e factors jincluding.the nunber.of _elecgtrolytic cells and
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det er m neguitdmdnd.ti pl e factors such as power supply and the types of
wastewater to be treated. It is in the theory of el ectrocoagul ation that
t he cl odee78] he di shafredhdBSAawit, theewiper motor is a small motor that drives the wiper

drive shaft 21 via the speed reduction gearbox 19.

[0079] Now referring to FIG 3, there is provided a plan view of the outlet end of
the EC device in accordance with one embodiment of the present invention. The electrode
plates are fastened along their peripherals. The fastening means 22 include through-rods
and nuts. In addition, the bus-bars 12 can be located within any suitable points on the
electrode plates. FIG 4 shows a plan view of the inlet end of the EC device in accordance |
with one embodiment of the present invention.

[0080] Now referring to FIG 5, there is provided a schematic cross-section view of
the configurations of the electrode plates 11, and the wipers 20 and wiper drive shaft 21 of
the ESA unit within the sealed chamber of the EC device in accordance with one
embodiment of the present invention. The electrode plates 11 are insulated from each
other by electrode plate spacers 26 and sealed with O-rings 25. Both ends of the cell stack
14 are insulated from the two end bracket/stand 13 by the end insulators 23. The end

insulators and electrode plate spacers may be made of any suitable insulating materials. In



el ectrode plates, the lower the DC voltage is required for electrolysis
reaction. In one preferred enbodi nent, when the DC power supply is in the
range of 5 to 15 voltages, the distance between two plates is about 5 to
15 mm [0077] The inlet (inflow 16 tal es wastewater fromthe pre-treatnent
unit 2. The outlet (outflow) 17 vents“the treated wastewater into the
post-treatnent unit 4. Suitable punps and valves can be used to control

t he fl owond embodimentatieyrere madhef iptdstits. pifaeh iekectibde prde basiadhngv hhle 281t | et

pi pe at e oth d.. It is evident that both the inlet and,outlet .can be
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enbodi ment, both of the inlet pipe and outlet pipe can have threaded or
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accordance wi.th one enbodi nent of the present invention. The el ectrode
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present |nvention. LOOBO{F Now referring to FIG5, there is prqvided_a
schenat i Bselatsdramm dhe gleclypdswplstes ynbeHiner glivaspasss- of hepang Maty se8hd3 pl at es
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seal ed chanber o evice 1im accordance w th one nt of the
present foos@gnti on. ItTiheomwleatint adesepidanidzl tlecavlyticrslls at exk ECadaviac hut ot her

by el ectrode ﬁLat spacers 26 and sealed with, O.rings 25. Bo%%_lends of the
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devi ce, dhsloh&d BSaEC devices, wherein the two kinds of electrolytic cells are based on two
different operation principles.
[0082] Now referring to FIG 6, there is provided a schematic cross-section view of
a first type of electrolytic cell (A-cell) in accordance with one embodiment of the present
invention. The A-cell is an electro-coagulation cell using principle of sacrificial anode to
create flocculants to remove organic solids, minerals or metal from the wastewater. The
anode 11a is usually made of aluminum and is thicker than that of the cathode 11b which
is made of iron. In combination with the wipers (described in detail hereinafter) of the
present invention, it has been demonstrated that the degree of surface passivation could be
controlled and the electrode metal depletion was reduced by up to 80% as compared to
other EC device. The small amount of metal content in the flocculants released by the
sacrificial electrodes is processed by the B-cell (detailed next) into harmless compounds.
[0083] Now referring to FIG 7, there is provided a schematic cross-section view of
a second type of electrolytic cell (B-cell) in accordance with one embodiment of the
present invention. B-cell is an electro-catalytic cell using electro-catalytic precipitation

principles that do not cause electrode metal depletion. It uses electrolytic oxidation to



two adj acent plates are opposite to each other. It is evident that the
hol es can be constructed in other shape, size or configuration according
to specific requirenents. In one enbodinent, the flow holes 28 are round
in shape. The wi pers are di sposed between every two adjacent el ectrode
plates. Al wi pers 20 are connected tol4he wi per drive shaft 21. In one
enbodi nent, in order to obtain the best bal ance, the w per drive shaft 21
i s | ocat edluceichémiral bempanidsrandfoxidiee setdleih ehstebyeter.aitis biddmiqrep®cesthe

wi per drive shaft 21 is . insulated fromthe el ectrode plat y wi per
drfve spEtBeEs Sxgasiastil i e ouds wuhs THiaanion et fadhq) Andi R,

al | ow ng padRRall oY R daB0H/ r¥BicEbn oF 8fttal$ RRfdAdneth PRBkkall dondpuf@ieni ent
to use identical electrolytic cells in one EC device, but it~ may not be

abl e to intedlocadanisnilydinybradivalst(©sandezbne(0;) Bhepiodvendtioregcloéelk HBothr esent
i nvention_disecovered that e inclusion of two ki,nds of electrolytic cells
w i ofaitet P EhT Eatift JadacetodsS aBE abind ¥ Wi tReRt AC NG Y cplin
cont am na@iékness iethefc@ih8de on tHRNE-ceASPRCB-Rf1 daf @reBf &H8NpolluIMARS Whdh the ere i's
provided two kinds of electrolytic cells that can be "~ enployed in any EC

devi ces, colhepmiioh anf vigeneerid. nhse arfode| ldetis aisyallycmeds b§ canben laad sdthode dWd

or ovi ded 508 Oh vl PRRGaLF a8 ertHIE FLASBY b EbF M P atedrab AFERY

cel I (A-8gldsing diffaeny tranteeltiitaDpeoadikaticnmpterial likbeapioRsentoatingv@et i on.
The A-cell is an electro-coagul ation cell using Eﬂrl nci pl e of sacrificial
anode t osutégceaof the elestipdast with anetelnexidessilgisrnassibly fogeatmpmsy Hnpuriies mst al

fromthe %@{ o~ AL 9?% e 1lla is usually made of alumnumand is
t hi cker ,Pﬁ@ﬁ&? a ?%Fqggl%a gde 11b which is made of iron. In conbination
wi th the[oss4ler s ( dBsth tiypexbflcellglriwiits dvat enigad fmediofantee cansiemaitary to
invention, .it has heen denonstrated that the degree of surface passivation

coul d be2chigH§ta con g Sfgicriater Scaianb BROCeRSt AlePeRBPSET i MBS OF WeRlREed) up to
80%as cormaied he EOUDAE, B B8 baRaurdd it PbbmBIRHEL oA BRI RRLRNT 11
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the flocculants releas ectrodes |1 s processed by the
B-cel | (Wbt &wb eybeseftcelli cahdehplncdded ereanetp ovitid more pOOB3ypsobur ghkdastiong t o

FIG 7, there is proyi.ded a schematic cross-section view of a second type
of el ect Q&“;T}“ﬁ’f‘cagéqell%erd&m RemaYe 3RY. Bietph REcseRtilR Fegherw Hoseiaint of t he

Bl eotro- e 7o Breci b ar o obet rea o oac' Bl (B b during S e

met al depleetrpenaguationipeecask emuses ytany probttats. orCumerit4designs by others for
minimizing the plate passivation have their limitations one way or the other. Therefore, in
another aspect of the present invention, there is provided an ESA unit with new wiper
designs that overcome the shortcomings of the prior art.
[0086] The ESA unit comprises a wiper motor 18, a reduction gearbox 19, a
plurality of wipers 20, a plurality of spacers 24, wiper drive shaft 21 and bearing with seal
33 . Now the description is focused on the wipers. In reference to FIG 8, there is provided
a partial schematic cross-section view of the configuration among the electrode plates and
wiper in accordance with one embodiment of the present invention. In one embodiment,
each wiper in a cell consists of two blades as shown in FIG 9. In another embodiment,
each wiper in a cell consists of four blades as shown in FIG 10. The blades are designed
and made in such a way that it only touch the electrode surfaces very lightly or do not
touch at all. Using hydraulic operation principles, the rotating blades create hydraulic

cleaning action of the electrode surfaces and turbulence of the liquid inside the cell. With

the ESA unit, it has been demonstrated that the metal depletion of sacrificial electrodes



reduce chem cal conpounds and oxidize netals in wastewater. This oxidation
process reduces organic solids to a liquid, and a liquid into gas, usually
to H2O and C02- Precipitation is the oxidation/reduction of nmetals to form
metal mneral conpounds form into flocculants. Hydroxyl radicals (OH) and
ozone (03) are produced in each cell. Both anode ilc and cathode lid

el ectrodes are of the sane thickness, and have the sane thickness as the
cat hode whs trérhiced bglup. toTHE L Bfdbe Iprioaartt designs s dite podungtodpassivitionhoft the A-

cel | cannlot a(.ﬁ;‘c;lS Vi ce-vebsa. T%ﬁ anode |AC is usually nade of carbon and

cat hode PfH™ Bfet]a‘é?ﬁcf”i‘ RICALERAOTLONIPHEd The cat hode 1id can al so be the

shared cppbgde of FRe ShdpRland coBgualiNg oftHe AR bof MRL Rlper BLEBE KhiSd With
conductive material |ikée carbon or coatlt;?_ the surfaces of the el ectrodes

wi t h et speciici applications.j B iplodwi dppreciated thetdiffemeni/bladgsiie be dissussed hgreinlaanant s

funct i onté afitPiarE FEaR in e s et FIERTR B0 216 B BOE b Rusliles Sofa: e
process. sdogpeRibvigndplah PR deREecBive MRSTHRNRRS il Bccob®inté @atheshe dnftddEkerflevi ce

can be configured with a conbi nation of A-cells and B-cells. The two types

of cell ehtemsesshbiawention ebheahladsasghovminridGotldard Fipd | Bhes atqydingaeal one

houl d b LK . t rese in e .out
1 oooul ate- Thlat RRisHEL i@ AEuREF ot B2 RO TREPlreh Bl BB dur 1 ng
the el esipepdeiagtaifi lle P9 GaesSomMdas g e Wikt dbive Bitaft. QUG XX afteBI@N3B by

others for mnimzing the plate passivation have their linitations one way
or the othedys ampllusiragive cross-segtion aew aogdeplan gfiew Hespsckeet of HigeWtnesdn t here

is provi : . c

hort cort nasigs P ke N ARMMBEY pre BRI “InOHRIER TR TIG o o,
18, a retzktndRI@e2Bhaxa patiabeylipdricallshipe with Wpstraighi? Qidea PIGiI1 3A iahy FOG
spacers fﬁ W per gliive'Shaft 21 and beari g)? with seal . 33 .. Now.the

descri pt 1 9% SheWs ge dilusirative pioes-etionsiew and plasy Wawaresrschyely ®f the, stigeriig

provi dedacc%rd%ﬁ&% Wath cife ifefrt! GFothe i)?gste ORI, OThd Qﬁdﬁgggh&v‘ﬁ% F@ among
the el ectrode plates an W per 1 n accordance wth one enbodi nent of the
present 13Aend Fim.13Brhaoa¢hie bhaldipnetnisjon themrighoitpbe lenhgthafdkd bladonBiG14A of two
bl ades as%lfs%éhn FI G 9...1n anot her enbodi.nent each w ||

. ool per in a %ttcf%
consi st s3 S1QHE 20 UURENR CrassEPeiopoYieH R Ay Eie v FRsPersyPlyn¥icthe and
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or do not " touch at all. Using hydraulic operation principles, the rotating
bl ades ckFiéal4AhpdFHaI1#B has brushes (toothbrush style) attached throughout the length of the

blade. In this design, the blade has a plurality of holes 31 for accommodating suitable
fibers to form a gentle or hard brush 30. The brush can be made of material like those used
on toothbrush or any suitable material. In one embodiment, the brush is made of nylon.
Without wish to be bound by any specific theory or explanation, it is believed that the
hydraulic cleaning and good turbulence effects result from the close proximity of the
wipers to the surfaces of the electrode plates. In one preferred embodiment, the gap
between the wiper and the surfaces of the electrode plates is 0.5mm at maximum.

[0088] Now referring to FIG 15, there is provided a schematic view of basis
electrical connections in accordance with one embodiment of the present invention. The
AC power supply is converted into adjustable 5 to 15 volts DC by a suitable DC power
supply unit 32 for providing low voltage direct current electrical power to the electrolytic

cells via the bus-bars. The wiper motor is also connected to the AC power supply. The

necessary controls are not shown.




cl eaning action of the electrode surfaces and turbul ence of the liquid
inside the cell. Wth the ESA unit, it has been denonstrated that the

nmet al depletion of sacrificial electrodes 15 was reduced by up to 90% of
the prior art designs. The anmount of p%zsivati on of the electrode surfaces
can be reduced or controlled. [0087] T shape and configuration of the

bl ades of the w per can be varied with specific applications. It is to be
appr eci afoe8elt hat dNbvertemtingtodltléd and HI6 1, $eusis grotideded briefalescripgion ofidi ned
for use in one EC devi ce. Fl G.ll? and FI G llﬁ shows .an il | strat.‘th\;e Cross-
section DiO&GSaft USIgn s EG AedRedpt V@S&“&ﬁ“& EAHHL 11 3ECQERBF Y AHEE °RF t h one
enbodi meghbodiinehh6f Meastedtht infVéRMéd. Ohe pRELBIAER: @St BdReMBs kit donfandinh®d and
FIG 11B has a cylindrical shape. The blade is inserted into the w per

center phese Bpvangia phepvip pleaw tenliqrid fiosr thetmae-trgatnginp unit gt thg alesikrsk flowiol e 29

for accommodati ng.t i-per .drive shaft. FIG nd FI.G 12B. . n
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accor danfifo Wetsbalédetidneter ofRAMBALcOFia tENRE €6,87¢ Wast¥Riet MBandEhethiughe as
shown in FIG 12A and FIG 12B has a parti al Cﬁ| indrical shape with two
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. g ) . . . : oy
erbod; meit oy ENHERORL PRl Ml oL g e RIS AR B 4 i
13B has metdflinelbttasiptipphitdsiisi thie powepdghisiyt Theewipergdrivenfbyt the vipadeotor! G 14A
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fibers to.forma gentle or rd. brush 30. The brush can pe de of materi al
like t hog’gLH’s Prgﬁptt@&%bwﬁﬁﬁlals? t%ﬁmpregmlﬁaaavsenmt@anag .fﬁpﬂlﬁa i ment
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t heory or explanation, | s believe ydraul1c cleani ng and good
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of basis electrical connections in accordance with one enbodi nent” of the

present dmeadréqrired Tése efforts and cost in de-watering process.

[0090] This invention may include a method further improving efficiency of the
EC device. This method is to implement automatic dosing of one or more chemical
compounds to adjust the pH and increase the ORP of some type wastewater in order to
increase the treatment efficiency. A chemical compound such as poly aluminum chloride,
ferrous sulfate and ferrite chloride can be added to the incoming wastewater at about 15
grams to one ton of wastewater. Other chemicals can be used provided they are not
poisonous or give harmful residues in the processed water. It will also have the effect of
reducing metal depletion of the electrodes. For processing of less polluted wastewater
chemical dosing may not be required.

[0091] Depending on the chemical nature of the wastewater it may be necessary to
pre-treat the wastewater prior to its passing through the electrocoagulation process. |
Preferably, the pre-treatment processes involves removal of large sized suspended solids

and adjusting the pH and/or ORP of the wastewater.




AC power supply is converted into adjustable 5 to 15 volts DC by a suitable
DC power supply unit 32 for providing | ow voltage direct current

el ectrical power to the electrolytic <cells via the bus-bars. The w per
notor is also connected to the AC power_supply. The necessary controls are
not shown. 16 [0089] Now referring to E GL and FI G 16, there is provided a
brief description of a process of using the EC device for wastewater

t r eat menf009®] accor dBmsamvention wribe E€hthovidenwith ite hssobiatedria gatvet supplst.i Bor. The

pre-treatnent .unit. r.eceiyes the contgmnated water, allowing a pu to
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introduced into the sealed chanber of the EC %ew ce via the inlet 16, the
wast ewat €pnsidai pampsy prediagimentpad glosttreasimgnt cheplical dosing gysteras eatamation t he

pl ates (a he u-turn arrows) and is under the influence of the
el ect ronﬁ?ﬁlt\iog%%?lgén{jP%?r%vtw%urz(s'el ectrical current supplied to the netallic

el ectrol ydosg] pl at eThbyanidimit RIWRItagé RR YourrbAE rafuRed Hegéndsesh e vbiame grer
motor wll continuously clean the surfaces of the electrolytic plates, mx

t he i ons apiEMaLeg e e pepcesssdbihe tefer and eoneentration of cenfamingats, padthei physicaland at
the sane _tj gases produced in the EC process to contact with

t he gel af%ﬁgﬁgﬁgﬁ@g‘%ﬁ‘%ﬁati ons so that the trapped gases wthin the

preci pi t ggoogins Wi | Whitk ehé Horepotitd |hiat giresunsed desriptioat | ¢ty cértain cprefortes], but
not sludge when the wastewater exits the EC device. The treated wastewater
exi ting €RRodiments phtheaHasenbinveptor gy ©chs yndorstpod Hat these des@RLRBRHATUNI t .
The post - id . J . V.

sui t bt o PRSrTea ey e if exapl P bEAANY pbPiRhdPR R B T BBl ot
i n renovableatial. Itheelfgeoed dhantiers Hiked inahe ait avill pereealasiationsi wiech,dvhileand
required less efforis_and .cost in de- ering process. [0Q90]. This

| nvent | ofitfrEie e (S ChiE Bl P%fe@é%% HaRG: w1 1R ﬁggfhflolrm@%on BC

devi ce. Thles, dBRENOD 4 dBmbgp! enent automati c dosing of one or nore

chem cal conpounds to adjust the pH and increase the ORP of sone type
wastewater in order to increase the treatnent efficiency. A chem cal
conmpound such as poly alum numchloride, ferrous sulfate and ferrite

chl oride can be added to the incom ng wastewater at about 15 grans to one
ton of wastewater. Ot her chem cals can be used provided they are not

poi sonous or give harnful residues in the processed water. It will also
have the effect of ’




reduci ng netal depletion of the el ectrodes. For processing of |ess polluted
wast ewater chem cal dosing may not be required. [0091] Depending on the
chemi cal nature of the wastewater it rmay be necessary to pre-treat the
wastewater prior to its passing throu t he el ectrocoagul ati on process.
Preferably, the pre-treatnent processes’involves renoval of |arge sized
suspended solids and adjusting the pH and/or ORP of the wastewater. 17
[0092] This invention is the EC devildeAIMBh its associ ated DC power supply.
For applications, it is built into a systemthat can consist of one or
many (array) units connected in parallel in order to increase the
processi Kghat l«MigRRgEi ty. The system may consist of punps, pre-treatnent
and post-treatnent chem cal dosing systens, automation control system and
pi pe-works. [0093] The ampunt of voltage and current required depends on
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f or egoi ngohipssipg:esent ed descriptions of certain preferred enbodinents of
the present invention, it is to be understood that these descriptions are
present ed by adjuslitlerbapede eattyodenplates endotathadectierdtpde latesi whergi@ theope of

the pres i nvent i [ c il |0yt w | |
per col vo el Giloul ectbad R RRERFhI B RIS 55 Hha BE shilie ¥l
depart fpamchiheds Plitet formdars @bgeerobftict bell iwitke Mihic tlas aqi@iuei fluide sadédged and
clainmed. 18 CLAIMS What is claimed is: 1. An_el ectrocoagul ati on device for
tr eat i ngelsefiedamisal igaghons sorthaidhe spmtaminagts widlobaspimsigsiptinaussilescylantsyangds

anode el =at h rHekn.. de and
cathode SPLRFHIEuE} e G AR B OB B es AR D, 2T
and onene#llioeectpllpticeplbies disaosedIselosttanpially iparatiell tb ewsh dthevi ch t he aqueous

fluids undergo . el ectrochem cal reactions so that the contam nants wl |
becone gel at ?ﬁb]ggstftwgmngﬁ éﬁgmone us-bar is connected to the anO(?es, anacpanother

bus-bar to the cathodes;

an electrode surface activator (ESA) unit with a plurality of wipers, wherein each
wiper is disposed between two adjacent electrode plates, and wherein the wipers are lightly
in touch or in close proximity of the surfaces of the electrode plates when the wipers are in
motion, and wherein the wipers in motion keeps the surfaces of the electrode plates from
passivation; and

a sealed chamber within which the electrode plates and ESA unit are disposed.

2. The electrocoagulation device of claim 1, wherein the electrolytic plates are
fabricated from material selected from the group consisting of iron, titanium, platinum,
steel, aluminum, copper, carbon, metal-impregnated plastics, ceramics or a mixture

thereof.

3. The electrocoagulation device of claim 2, wherein the electrolytic plates are made

of aluminum,

4, The electrocoagulation device of claim 2, wherein the electrolytic plates are made

of iron.



sl udge at the end of the reactions, and wherein the electrode plates are
substantially parallel netallic electrolytic plates disposed substantially
~parallel to each other; at |east two bus-bars, where one bus-bar is
connected to the anodes, and another bus-bar to the cathodes; an el ectrode
surface activator (ESA) unit with a mTﬁwﬂity of wi pers, wherein each

w per is disposed between two adj acent el ectrode plates, and wherein the

wi pers abe |i @Ghe kelectrocvagolatibn aevica of lctrd@ yrvaherein tepclo bf theeelseirdlpteplates t he

el ectrod | ates when the wipers . are in notiop, and erein.the wipers in
ot on kBEpS ﬁ?‘ﬁé‘_“QEY!“fga _saqa?éowﬁn& Ecke dEOpHL TR i B48eihgRt TN and a
seal ed chrﬂggs th%'aﬁjtaﬁé}ltﬁagbté%e %{Sﬁ&ﬁt%ﬂﬁs me%\%\ﬁgnand ESA unit are disposed.

2. The el ectrocoagul ati on devi ce claim1, rein the electrolytic
plates are fabricated frommaterial selected fromthe group consisting of

iron, titaniu | atinu .St eel m nu co r., car,bon

et ai -1 nfr egnabeBeprorsppuaiot & et Mol AE o i@ Reimoge rigjgs are

el ect r oCcoamKERY kPP e afd colnRERY %o thahBkigidtetffmalbLe DU e Suptliptaag are
made of alumnum 4. The el ectrocoagul ati on device of claim 2, erein the

el ect r ol phewsipilhthesathode akgdieodeflaies are. congedted hrmothier bus-barzad wonndctd tdevi ce
of claim,], erein.each of .the electrolytic plates has a hole allow ng

t he aquggﬁéle\é\%}‘feggmf%ﬁpoz&e]? rp&\jV&ﬁsqqp% one cell to another; wherein the
hol es on two adj acent plates are opposite cross the center. 6. The

el ectrocoagul ati on device of claim1, wherein all the anode el ectrode
pl ates afe cohaelesteeropgnlatien davéceneirclaimdl wdstrie thecbusdar rempdsselfiqoppertasr ni nal

of a DC g&%’f% cc?a?{)cﬁ%?ﬁ%g&;gf%tg%egiﬁje?ogg(l)ldt he cat hode el ectrode plates are

connecte ano and confected to the negative term nal of the
DC power supply. 7. The el ectrocoagul ati on device of claim1, wherein the
bus-bar is made of copper, or copper coated Or'rhfl ated with tin, silver or

gol d. 8.8The dheelesterasagilntian dryiggerfickamol, vherginihe ESqh upig fysthep eorpryises gi t

further i | ' , Ci.| . an
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shaft via the speed reduction gearbox, a bearing with seal holding the wiper drive shaft in
place and allowing smooth movement and water tight sealing, and a plurality of wiper
spacers for insulating the wiper shaft from the electrode plates when it penetrates the

plates; wherein the wiper drive shaft is disposed through the centers of the electrode plates.

0. The electrocoagulation device of claim 1, wherein the wiper blade has a cylindrical

shape.

10.  The electrocoagulation device of claim 1, wherein the wiper blade has a partial

cylindrical shape with two straight sides.

11.  The electrocoagulation device of claim 1, wherein the wiper blade has a thin blade

protrusion throughout the length of the blade.

12.  The electrocoagulation device of claim 1, wherein the wiper blade has brushes
(toothbrush style) attached throughout the length of the blade; wherein the wiper blade
further comprises a plurality of holes on its two surfaces facing the plate surfaces to

accommodate fibers to form a brush on each side.




shaft via the speed reduction gearbox, a bearing with seal holding the

w per drive shaft in place and allow ng snoboth novenent and water tight
sealing, and a plurality of wi per spacers for insulating the w per shaft
fromthe el ectrode plates when it pen ates the plates; wherein the w per
drive shaft is disposed through the c ers of the electrode plates. 9. The
el ectrocoagul ati on device of claim1l, wherein the w per blade has a
cylindrical shape. 10. The el ectrocoagul ati on device of claim1l, wherein

t he w per, bl a s a partial . cylindrical .,shape with.t trapght .sides.
11 The: Mrect 1 BeengureabRUnidhon e GRAEmCh i ERaf e tehie b G Sk ke By has o
thin bl agfo el Bratiisis@Rd ] tWocdrdiasiflatbRea pRRGN oFleldcheddplade and-a-pldmletg of

el ectrocoagul ati on device of claim1, whereln the w per blade has brushes

(t oot hbr els¢iredeyspagerawith Cheags s balhe ieactipes ¢aarhgtoarrisd in pscHpdeRviroperki n t he
w per bl r pp@p' lurality of holes on its two surfaces
facing t eg‘f) tg‘{é léeﬁ(%é? gcé 1{1 %ﬁ’@%e?seg

e su ccommodate fibers to forma brush on each
side. 20 13. The el ectrocoagul ation device of claim1l, wherein the seal ed
chanber is forned b two end bracket/stand, two end insulators, a
pluralit{#of éhesglerBeroagnlation daviee af plaimm d) furthepgomprises ppdalet aphawpwtisti t h
O rings : g L i f¢l
preventi ﬁg ﬁqlgg&%%g}% o}?eﬁfe%cl%ga a%%g@%tgg%&s\e%{lizﬁ ﬁjdlshfeargliegc rngg‘%g%ta@?ﬁ gvi ce
of cl ai mdueobufloider conprises an inlet and an outlet for allowng the EC
device to get the aqueous fluids for treatnment and exit the treated
aqueous fluids. 15. The el ectrocoagul ati on device of claim1l1, wherein all

anode el ect r ogge R|RE8S0RBLRtIoR ISVicE 0¥ cHimSL BRert@ AIP4IBdRRlectrode glates are
el ectro-coagul ati on device. 16. The el ectrocoagul ati on device of claim1,

wher ei n sdckifigiabsteasstodatm anlelegtr@teagutationdevice.sacrificial so as to form an
el ectro-catalytic device. 17. The el ectrocoagul ati on device of claim 16,
wherein the anode el ectrode plates are made of carbon. 18. The

el ectrocogagul ohé BIBcIASIHhE@atRin ddvdeBr LiaimhiehllefbiRhll hERR I QRBISPRER af) Rit r 0de
plate is different fromthe rest (e.g., sacrificial vs non-sacrificial) so

as to fosaerificialsr asdoE@m an electro-catalytic device.

17. The electrocoagulation device of claim 16, wherein the anode electrode plates are

made of carbon.

18.  The electrocoagulation device of claim 1, wherein at least one anode electrode plate
is different from the rest (e.g., sacrificial vs non-sacrificial) so as to form a hybrid EC

device.

19.  The electrocoagulation device of claim 1, wherein the aqueous fluids with

contaminants are any aqueous solution that needs to be treated before its use.

20.  The electrocoagulation device of claim 1, wherein the contaminants include

organics, metals, microorganisms, and sub-micro particles.

21.  The electrocoagulation device of claim 1, wherein the electrode plates are mounted

vertically within the sealed chamber when the device is mounted horizontally.



device. 19. The el ectrocoagul ati on device of claim1, wherein the aqueous
fluids wwth contam nants are any aqueous sol ution that needs to be treated
before its use. 20. The el ectrocoagul ati on device of claim 1, wherein the
contam nants include organics, netal m croor gani sns, and sub-mcro
particles. 21. The el ectrocoagul ati on“device of claim1, wherein the

el ectrode plates are nounted vertically within the seal ed chanber when the
devi ce i 22.noubkedetivrcoagHation devizlofzirimTh evhetede thecderdngde alatesriraimepated of

laim 1, wherein the gl | d _horj Iy within th
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el ectrocogul ation system for treating aqueous fluids with contam nants,
conprising: a pre-treatment unit for receiving the aqueous fluids to be
treat ed; 25 poAf- eleeoeagiatinn systen fos desalinggaqueeus dlisdu svith goampnty
treat ed;c ; r$0| urality of anode el ectrode plates and cat hode el ectrode
pl at es, el'ir'the anode and cat hode el ectrode plates are arranged

al ternati vel ya pe-tidnahestnmitdooiecipingtike aq@douvihgids at beogkatgal, at e f orm an
el ectrolytic cell with which the aqueous fluids undergo el ectrochem cal
reacti ons so & Rest-tieAbHRE MrTasrigngfhe aqyeus fiudrcieans HAtd fidccul ants and

sl udge at the, S)Maﬁyeﬁgpgnn(%f[%gﬁ%&%’pl%g a ecraﬁjoﬂftem@ctl%glsg)gﬁ Qéj,ewlﬁgrgihetﬁe are

t
substantially para Ic electrolytic plates osed substantially
par al | el arcdleead kathblieelecddd platet atevrrdngsd bhernativdte se tlamendasedesglate sind

connected to the anodes, and anot her s-bar to the cathodes; an_ el ectrode
surface 94 Sokods Heedpra © Cfrﬁg’élcp‘ﬁljf h yhisih mep%w,ouaﬁﬁvéﬁ Hoderen
Wi per i sqidipRAsHitaPREVESR oWl BGRRhiBhRGHTIAREoRE %]gﬁﬁno@%c\eﬁﬁﬁﬁlaadt he

wi pers are lightly 1n touch or in close proximty the surfaces of the
el ect r odgluggeattdlse endenf thdreaviiquey andawleeréin thawwdedtonde plates ank swbstantiallepasalpedr s i n

nmoti on keeps.the surfaces of th | ect.rode tes fr _passivation; and a
seal ed cﬂ’ﬁf‘)?@écre%ﬁt’ioth’r? Iaﬁtfe%%s?‘??ggé&ésgqn&%@%pﬂ%%ég e%fﬁ’uo_(%@gA unit are disposed.
24. The el ect {OERAIWb Huls Marss iHeBTH R bid-BerTs enncthr 8ithe bh&ies! ARl &dIderi C
plates are fabricated frommaterial selected fromthe group consisting of
i ron, tibesbarty thelcathodesn
an electrode surface activator (ESA) unit with a plurality of wipers, wherein each

wiper is disposed between two adjacent electrode plates, and wherein the wipers are lightly

in touch or in close proximity of the surfaces of the electrode plates when the wipers are in

motion, and wherein the wipers in motion keeps the surfaces of the electrode plates from

passivation; and

a sealed chamber within which the electrode plates and ESA unit are disposed.

24,  The electrocoagulation system of claim 23, wherein the electrolytic plates are
fabricated from material selected from the group consisting of iron, titanium, platinum,
steel, aluminum, copper, carbon, metal-impregnated plastics, ceramics or a mixture

thereof.

25.  The electrocoagulation system of claim 23, wherein the electrolytic plates are made

of aluminum.

26.  The electrocoagulation system of claim 23, the electrolytic plates are made of iron.



steel, alum num copper, carbon, netal-inpregnated plastics, ceramcs or a
m xture thereof. 25. The el ectrocoagul ati on system of claim 23, wherein
the electrolytic plates are nade of alum num 26. The el ectrocoagul ati on
system of claim 23, the electrolytic egates are made of iron. 22 27. The
el ectrocoagul ati on system of clain123,2the el ectrolytic plates are nade of
carbon. 28. The el ectrocoagul ati on system of claim23, wherein each of the
el ectrol3%i c Phaekstrotmgulatino|systam ofvchimt2de theyalsowslytik yilatss ars pade of hr ough
fromone cell to another; wherein the holes on two adjacent plates are
opposi t E“%PY5s the center. 29. The el ectrocoagul ati on system of claim 23,
wherein all the anode el ectrode plates are connected to one bus-bar and
connected to the positive termnal of a DC power supply; and wherein all
the cat hdtle elkxeleddiopgulatian systent ohelen @d, Wberamoetahguof heselerirolyirdplates

connect t o, the.negative termpal of the DC.p r._SUupply. , :
ol oot r octigurdly AURVERPE Rt iRls Byt R R o (B oo Wfreip
copper @& heRBPAIwE Qdiabsht Platdsladd 65podité Broks the cehtbver or gold. 31. The
el ectrocoagul ati on system of claim 23, wherein the ESA unit further

conprises a plurality of wipers, a wiper driver shaft, a speed reduction
gear box, ,@an e r {0 I ¥I thhe . w .V, i speed
Feduct | o gearfoyebfocfBhbior brsih oY LRy st RLRR Al HRoRb BebddZpblE BF

pl ace ansteabhmsteadgo oneblidibareme enhecesdctowrd pusitiviegbimisdalfiadyC pawdr supply;

plurality of w per spacers for_insulating the wi per shaft fromthe
el ect r odddMherdn e e eathpds, glechode nlaes ﬁrﬁ‘atc%f,*ec\f/ﬁ?]ef?(éiaﬁoﬁhﬁ’é%\‘rb?‘é’é’? aadi ve
shaft is.di r ectrode plates. 32. The
eIectroc%g%§€§§?ﬂﬁggégtegﬁ%ﬁﬁgﬁg?%?%%?%&Réﬁgpﬁsihe W per bl ade has a
cylindrical shape. 33. The el ectrocoagul ati on system of claim 23, wherein
the wi per blade has a partial cylipdrijc shape with twa strai ght sides.
34. The i@-ecff%%gﬁ&mcaﬁgl&ﬂt@y%m of et 2 Vzgérgwﬁf? bisbiine RAIEOT CBPEGe has
a thin bl aflgeRicated\s? pRied PHPHANIME: Sftfold.ength of the bl ade.

31.  The electrocoagulation system of claim 23, wherein the ESA unit further comprises
a plurality of wipers, a wiper driver shaft, a speed reduction gearbox, an electric motor for
driving the wiper drive shaft via the speed reduction gearbox, a bearing with seal holding
the wiper drive shaft in place and allowing smooth movement and water tight sealing, and
a plurality of wiper spacers for insulating the wiper shaft from the electrode plates when it
penetrates the plates; wherein the wiper drive shaft is disposed through the centers of the

electrode plates.

32.  The electrocoagulation system of claim 23, wherein the wiper blade has a

cylindrical shape.

33.  The electrocoagulation system of claim 23, wherein the wiper blade has a partial

cylindrical shape with two straight sides.

34.  The electrocoagulation system of claim 23, wherein the wiper blade has a thin

blade protrusion throughout the length of the blade.



23 35. The el ectrocoagul ati on system of claim 23, wherein the w per bl ade
has brushes (toothbrush style) attached throughout the I ength of the

bl ade; wherein the wi per blade further conprises a plurality of holes on
its two surfaces facing the plate surfgces to acconmodate fibers to forma
brush on each side. 36. The el ectroco | ati on system of claim 23, wherein
the seal ed chanber is formed by two end bracket/stand, two end insul ators,
a plural 3i.y oThekkctroadgulatian epstemdialagmi2y|whereinghe atipathladtehasgaughes wi t h

Orings so that the reactipns can be carried. in eal ed. environment,
prevent i a&"'ﬁ"g’&ﬁadgﬁ@f atﬁ‘ch?f_f ) Oﬁéglé%sl.%n .&Tth‘é bzngcf” §Eth I‘éﬁple_ﬁgﬁg?/st em
of cl ai MZfher flflphigts & PMRGIiHLSE Alch Bhsits ARl s@ifadtfheihg tﬁ@?la@é keMideg thhe EC
device to get the aqueous fluids for treatnment and exit the treated

aqueous #dcoindsodaBgfibeThe feimethrabomgarsidon system of clai m 23, wherein all
anode el ectrode plates are sacrificial so as to form an
el ectro-coagul ati on device. 39. The el ectrocoagul ati on system of claim 23,

wherein g4| ampgeletlresdap@E8oPkRi@s oftRim 29t whakid fieGeakd SRander iofdraled an
el ectro-catal ytic device. 40. The el ectrocoagul ation system of claim 23,

wher ei n bY tWegrd brsaketistrnd etven enstingdetorspp plusaliy ofieterapdaplates apd & RRiIralixt
gt ‘ e g Do
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Wi th cosdvironRent, prévestigiicalepeadliguideandighes. t hat needs to be treated before
its use. 42. The el ectrocoagul ati on system of claim 23, wherein the
contam nants include organics, netals, mcroorgani sns, and sub-m cro

particl es, 43 : i i : i
el ectr od§7'pl air ggglgF@&&%%l%@%%ke% nggﬁll%ﬁé\i t ?énr ct% r@é%%eﬁ@%%ﬁ%@? {n\k}ﬁen t he
devi ce i forrmlontirg thoECzduviad foyget 2he dqueotibdluddsefor teatagulaat icait thy Steetedof
claim 23, wherein the electrode plates are nounted horizontally within the
seal ed chesEs flgen the device is nounted vertically. 45. A process for
treating aqueous fluids with contam nants, conprising: providing an
el ectrocoagul ation device with a plurality of electrolysis cells,

38.  The electrocoagulation system of claim 23, wherein all anode electrode plates are

sacrificial so as to form an electro-coagulation device.

39.  The electrocoagulation system of claim 23, wherein all anode electrode plates are

not sacrificial so as to form an electro-catalytic device.

40.  The electrocoagulation system of claim 23, wherein at least one anode electrode
plate is different from the rest (e.g., sacrificial vs non-sacrificial) so as to form a hybrid EC

device.

41.  The electrocoagulation system of claim 23, wherein the aqueous fluids with

contaminants are any aqueous solution that needs to be treated before its use.

42.  The electrocoagulation system of claim 23, wherein the contaminants include

organics, metals, microorganisms, and sub-micro particles.

43.  The electrocoagulation system of claim 23, wherein the electrode plates are

mounted vertically within the sealed chamber when the device is mounted horizontally.



wherein each electrolysis cell is conprised of an anode el ectrode plate and
a cathode electrode plate, and it will cause electrolysis reactions when a
power supply is provided; introducing the aqueous fluids into the

el ectrocoagul ati on devi ce, wherein thﬁ% aqueous fluids undergo el ectrolysis
reactions; and providing a neans for 4hirn'zing t he passivation of the

el ectrode plates, wherein the neans conprises a wper that is in close
proximty to the surfaces of the el ectrode plates.

44.  The electrocoagulation system of claim 23, wherein the electrode plates are

mounted horizontally within the sealed chamber when the device is mounted vertically.

45. A process for treating aqueous fluids with contaminants, comprising:

providing an electrocoagulation device with a plurality of electrolysis cells,
wherein each electrolysis cell is comprised of an anode electrode plate and a cathode
electrode plate, and it will cause electrolysis reactions when a power supply is provided;

introducing the aqueous fluids into the electrocoagulation device, wherein the
aqueous fluids undergo electrolysis reactions; and

providing a means for minimizing the passivation of the electrode plates, wherein
the means comprises a wiper that is in close proximity to the surfaces of the electrode

plates.




