1 ADVANCED ELECTRO COAGULATI ON DEVI CE AND PROCESS OF
USI NG THE SAME FOR WASTEWATER TREATMENT Field of the
I nvention [0001] The present invention generally
relates to a device and process for renoving

contam nants from wast ewater{ by el ectrol ysis
processes, and nore particularly to an advanced
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surface activator unit, and a process that renoves
the contam nants from wastewater using the advanced
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[0003] Electrolysis process (often referred as electrocoagulation) has been proven
to be able to treat a yariety 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.




~aquatic hunus, and defluoridation of water. The
treatnment provides clear, clean, odorless and
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[0007] Al—>Al* oq+3e (lose electrons)

[0008] Al +3H,0—AI(OH) 3+3H"

[0009] nAl(OH) 3—Al,(OH) 3,

[0010] Cathode:

[0011] 2H,0+2e’>H2(,+20H"

[0012] Al*+3¢— Al (gain electrons)

[0013] The electrochemical dissolution of the aluminum anode produces AI’** jons

which further react with OH' ions (from cathode), transforming A1** ion initially into
Al(OH) ; and then into the gelatinous hydroxyl precipitate (AIn(OH) 3,). Depending on the
pH of the wastewater, different ionic species will also be formed in the medium such as:
Al(OH) %, Al32(OH) ;**, and Al(OH) 4. At the cathode, hydrogen (H;) gas and hydroxide




[0012] A13++3e -*Akst (gain electrons) [0013] The

el ectrochem cal dissolution of the al um num anode
produces Al3+ ions which further react with OH ions
(from cathode), transform ng Al3+ ion initially into
Al (OH) 3 and then into the gel atinous hydroxyl
precipitate (Aln(CH) 3" ). Depending on the pH of the
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actions at both the iron anode and cat hode are shown
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[0020] Overall:

[0021] 4Fe(syt 10H,00y+02g) —4Fe(OH) 35+ 4Hagg

[0022] Anode:

[0023] Fe() —Fe* uq+2¢” (lose electrons)

[0024] Fe** (aq)+20H (uq) —FeOHy

[0025] Cathode:

[0026] 2H,0(y+2¢ —Hyy+20H (o)

[0027] Overall:

[0028] Fe(t2H,0(q) —Fe(OH) 5y +Hag,

[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 A1 discloses an




[ 0025] Cathode: [0026] 2H2Q( 1) +2e --~H2(g) +20H (aq)
[0027] Overall: [0028] Fe(S)+2H2Q(i) -Fe(OH)
2(S)+H2(g) [0029] A typical electrocoagul ation reactor
contains a series of substantially parallel

el ectrolytic plates or el ectpyodes through which the
wastewater to be treated travels in a serpentine path
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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




provision of a helical cathode in the formof a
helically wound coil of a wire or rod of «circular
cross section provides an arrangenent in which the
cell is automatically self- cleaning in that the
coagul ated precipitates are garried fromthe cell by
the flow of the water. Fbmever the construction of
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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.




one bus-bar is connected to the anodes, and anot her
bus-bar to the cathodes; an electrode surface
activator (ESA) unit with a plurality of wi pers,
wherein each wi per is disposed between two adjacent

el ectrode plates, and whereig the wipers are lightly
in touch or in close proximty of the surfaces of the
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[003%hnot herln 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




enbodi nent, the w per bl ade has brushes (toothbrush
style) attached throughout the Iength of the bl ade;
wherein the wi per blade further conprises a plurality
of holes on its two surfaces facing the plate
surfaces to accommodate fibers to forma brush on each
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aqueous fluids to be treated; a post-treatnent

and pkﬁctmr@éaéym PEcoipitationestls sahl he bisilthietngne deabe,dandamilsacan be
nod ctrode plates and cat hode
confBultol ol B o BRSPS AR Ean APt hods
[0o44yl ect r o%omeah@ﬁan 5@ o EceRst Hweﬂi&n% 'ﬁ{a& ENsBhYdes Ard PRV ated at

one anode plate and one cathode plate form an
all tigres sy #n pleptrodapurfagetastivatht uhitt ¢nsusing bighsefficisntielectro-chemical

reacti1OTA0 oL ESAL SHARTRERloyb R LU i e e o recues
meta$ Heplgtioraand dmtmlsdh@ﬁmbiilﬁ of pasHivafios as aaqdllrlwlsy &ie{brf)(fb@s
parallel nmetalllc

| ectrode s are substantially
[0045§| ectr o%‘f) &‘é&nggecg fdhe Bregenfupvansioniis thay 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.




paral l el 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 plurality of w pers,
wherein each wi per is di sposgd between two adj acent
el ectrode plates, and wherein the vvipers are lightly
~nchd touch, or. in close i m of the Sy
roosgf . O o cuRlipds et BF ' ffkishs Svabedh 5t el (pAicria and
mickPergehibmb) e MIRAIG rémotdd byt teBP®t he surf aces of
t he el ectrode plates from passivation; and a seal ed

- [005¢hanber Whe abiactites @hd ofer aévztmge@dét}plmeegoamll E@mme apparent
R N AT A e —

thmlaamﬁahyi gsjrawingscont am nants usi ng t he device and
system provi ded herein. [0042] One advantage of the

present invention is that the treatnent of wastewater
becones conti nuoygs. gperation h eff|C|ency

[ 0043] Anot her agrgﬁ?’g&cgl%tfoq #etslﬁﬂig M&Si nvention is
that both el ectro-coagulation and electro-catalytic

[005Bf €Ci Pi PRéfeABd CRABRIIGBAts MR cBMiAS td ﬂfeopl%gcgnt‘%ﬁV#Iﬁﬁm #8 now be

cells can be configured to treat a
desqsibiet] pvidin referamcade tthevdligures, rinowkich diks. refedube] nutnartlsetenote like
ele ?‘ yant age of the present invention is that el ectrodes
e activated at all tinmes by an el ectrode surface
[0053Ct i vat GIGUDNIi§ .2 BIRSKIdiBgrabi dlMusefatihgitBOlelectrocoagulation system in
el ectro-chemcal reaction. The el éectrode surface
accogdanicg 3tihrong grboldisegsy of the nsessot invewiosur f aces cl ean,
educes ontro ls_the unt of .
0k et vat 1O StoPERh THLARGUGERERT Y GBI sy ronaputacon
deviedliramtadancf with enpérabedimennofahé pféﬁbﬂt &Meﬁﬁ@n the
rocess speed of waste water is 2 to 5 tines
00sHor or - P BFoHEnd S afthesylst sk of thp Gsadv st assprdance
ention is that the
mth?é})é%?%?lgg%&gfﬁﬂ? pg%sgﬁf%?dtﬁ romwater is 2 to 5 tines
~ [oosélast er Fhad sHowsee planedewndehdinl@tendrof.thé 804ddvidnat dvedrdance
adva{ré)age of }t}g present invention is that flocculants
withiqng gmbogient gt themresepigRyeniton) i zat i on of hydrogen and

[oosAXYden gfs 5%1%6%\% £5&neMaticNGo&S et 8ol v1e[vspgt4 fﬂ g ytgﬁgagllcq)ns of the

advant age of the present invention is t
electrodecplates bt anidahe popers 20 @and wipdri dive tshafin 2 EGT tieclB$ A @mitewi¢hin the

ers 0049], Anot.her advanta of th resent
Sﬁ&lﬁ%‘g&}wh‘?earf’f ‘&*e?%fz dexity BtseoraCe G onst cmped imging O& {lg gresent
inve@drer i s renoved or greatly reduced.
[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.




8 [0050] Another advantage of the present invention
i s that pathogens (bacteria and m cro-organi sns) are
killed or renmoved by up to 99.99% [0051] The

obj ectives and ot her advantages of the invention wl|
beconme apparent fromthe folhl owi ng detail ed
description of preferred enbodi nents thereof in

: nnect i i.th the ,accompanyi ng drawi ngs., Br.i ef .
[°°‘%gscrg ptf‘f}@@n’ihwemﬂawzﬁ 6 i85y WiReE Ay four {;la&_’s in accordance
wit@aﬁ@éihmamn@&q%sfe%ﬁm REnpresent invention will

now be described wth reference to the Figures, in
[0063hi ch | ilHE& it bAemdnd& hiBwhalvs addiiodtentivi keosseeetimntisw and plan

. [0063] .FIG 1.is a.block diagramillustrating, the
Vle‘&ﬂ@éﬁ‘&%‘é(gaf 1hs SYPSY, &1 @ReqTAance: wifhdenf: emppdimepeof the present
invéiigadi ment of the present invention. [0054] FIG 2

shows an illustrative cross-section view of the
[006d] ect r odd&gl2 AtandrFIGH £¥B chows aadtiostehiive @rovstsactivreview and plan

._enbodi t of the present |nvention. [0055] FIG 3
vie§ [ERecBvaly 4 JAPEY T ROARIE (M EnISher FEDRERGRL P b present
invdnfiogccor dance w th one enbodi nent of the present

i nvention. [0056] FIG 4 shows a plan view of the inlet
[0068hd of tHl6 BA dedikl& 13B abows danllestrative lerassaection view and plan

vie G TRRRL IRl 8 0 5B Bk Yokt St 3 the presen
invem@ibhi gurations of the electrode plates 11, and the

wi pers 20 and wiper drive shaft 21 of the ESA unit
[0066) t hi n thE 14eand FlchbkHbehows an ibusEGtive ¢iase-seetion view and plan

o SELHAIES YLl TR B P 8888t o e o

invemtioss- section view of a first type of electrolytic
cell (A-cell) in accordance with one enbodi nent of the
[0068k esent FlHvienshosts.a sehomajic riew of digdwsicaelenttieahgonarections among

- ' ' . f electrol yti .
the SRRy BB ol s O RSO s Sl on
embpdiesanodf thapessentdnvertidd60] FI G 8 shows a parti al

schemat Ilgi crésg-sect ion view of the configuration
[0068]png t KéCel @ shows enpillstativh giaw pérthe preeass rafawasewater flow

throWgtt An@WAEARRIEEEALvIL i BERESREWith 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




i nvention. [0061] FIG 9 shows an illustrative view of
a wper with two bl ades in accordance wth one
enbodi ment of the present invention. 9 [0062] FIG 10
shows an illustrative view of a wiper with four bl ades
in accordance wth one eangl ment of t he present
invention. [0063] FIG 11A and FIG I B shows an

Vi e

B B eSS AT Y et it
that ﬁ[’é‘ﬁo&h{:@féhs Hilltdoe aPiEaStFlF E)radtf&@ B nQ reJerﬁx%ntﬁ)anV&lzﬁé omitted

and FI G 12B shows an strative cross-section Vi
fromethel dpdcaiption ireovdeesqide bbsoakeythefprmbl@les/loﬁ dre preseaanwmhanc e

th an her nbodi t he present, inyentio
[007%065] o8 TRl A1 BhofioJE PEY 444 4R SlasppesEulation (EC)

systéih @5 ScRRE e Wivi B4 8Rdo t oflt e?e?ﬂ??&f Pﬁ%y ThE EtCh%{stem 1

W per in accordance wth one e | nen e prese
compnisee pprotreathi@a66it Z 4 élda%r(mnaiglﬁitﬁnl(ﬁﬁ) dbvivs3,aimd a post-treatment
il l.ystrative cross-section view ang%&l an view

unit i JHE APERYREH UpHE YRS pinleast o dapkder wepiNingwastewater to be
treatsmﬁg'lﬁﬁﬁﬁ i‘f)(es thE RF 5&%d vhﬂl\ég i QB‘m 48R $ fihe F}Beg‘d]aild volume

shows a SC ematic VI asi Cc e ectrica
wast@wmﬁqe bcnngnatradumg intohthe girettentmhertt ivnitpindttetng purspdibowt, the pre-
not.or ower s [ [

lies.in _gccordance w th one
trearidi B i A ?ﬁ@cfﬁ?@é%ﬁgp 1pmderits: obfie nredsaimept iy gay pre-filter
the wdX0WPataintd tdnbisile’ 1 ? ﬁé@thb@%%r tcH&‘ngBrtﬁﬁ Zx‘ﬂéz&&g compositions of the

wast ewater flow t(hrough and within t evice In
waste\valer Barasding the emmeece m:gadambnmouﬁt othehepriealesb as to improve the

cncUETTHERE S51814 8 RRTHY Bl B AR SE0E B s

operatﬂ)&dwﬂlybetﬂewlwcdﬂ{e@ﬁﬁﬁtdro Thi ?)ostf-@édtﬁ%tﬂﬂutdﬂn@lddeﬂat least one tank
des cr|Pt| on of certain enmbodi nents of the invention.

for rqcstyreg thertdygm Siom thei EC dpyice.c 2he pest-tishienent poib serezateoihe clean
| watePfr6m' 16 BOEQASHs allicpﬁudge so that the flocculants are collected from the surface

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




di scl osures of these publications are hereby

i ncorporated by reference, in their entireties, into
this application in order to nore fully describe the
state of art to which this invention pertains. [0071]
Wiile the description will gelate to many specific

el ements and techniques in order to better illustrate

insulg}fesCEd AL S P entiiaaP BB 115G hRaed hgimbey wihiywhich
wasteWatdn @s BARS tbhted A996 ihBEibOHSthe 0B PEBAMAL i ?Iﬂ%&@&l shape for

. can be practiced with variations to any speci
circgpeelesttasieplates brons guieslimenth dlte idepar mapde 10 any other shapes that
r.inci pl es of. the present .invention.. At the sanme tineg,
are Rk, & faﬁﬂeglf%?nappéﬁégm-ci e, AgrcE i e émqgéicga@b% ey be of
poly‘%@ﬁ sBdpeS €dr dalR hﬁﬁcﬂ%{g. CR$s & bd MRePIHEEGRL hbﬁb‘é%?é %ngtrbrmchl' for the

e omtted fromthe description in order no
practibe ®iirthe pesept imentibes Te gire opspsentetivasretiid amde and cathode

e s R B i S BBl e g
easil9THRRANIRA by od\RilRAGH SY art. nTﬁé‘%éafégﬁhalﬁﬁeﬁQd&Sésteﬁ%@o the base

conprises a pre-treatnent unit 2,
framg| 18¢ t Frscesdlgtacks e biaekyt/strad; el Base dracheampyp be atade af mpnsuitable
(t. 4. The estreatnment unit 2 includes at.|east .qne
matcf i by iy KPR g G o et By e, e patabls e g dnolude
staindsp StBelafion RughcaRt gt Efafétiéfs%r GRihice! 1 ing the speed
d volunme wastewater being introduced into the

an
[0078]r e- t r edberphrality; of anndetanidneptingdepaertode nlates il eare substantially

[ [ th Lectroco | at i dgvi ce.
paraljb SR UokroRIR s ihoRed FoubBEROEMy Fapf ct el otter
alterhativeymonthirbihg faletli chh@beanTheelechclfae pldies Rl dddabricated from

conpposi tions, of the wastewater by adding the correct

matepighiiabmgy s¥pifice asdopaie aAensdn an slecialysis progsssvRrefasebly, the plates
feict |.C r ] l e |yt
may B AN rorh Mfor- At ot B R0 Bty REREG b0 metal-
impreigtagid @dstivey edrmaics @r theTlilee. plasénet entidiraert, thdidlecdrolytic plates are
v di nél udes at | | east one tank for recei 'Vinrlja% the affl uent
madq plglpmipung dnyarqther embodimeny: the elestralytic Plates ars awpsleaf deon. The
two bie f - :
o D e GRUIE AL RSSHLAN T SR 0 ason
electephyfict plates Fardgan élsctondy tiecdlle dA ththet dAnodbd elettoode plates avetdogiected to

. Dosi 1. f. Dol i ||
one Q% PR onmanEd o Ry BuRal s NG PPt iy, A cathode

elect®dp Platds 28 coctedTH hARh& BuskAP WA S5IBALS td ﬂl%'nkégétn% terminal of
filtering and precipitating. The pre-treatnment an

the D§orewersupplive A oneambeditent thesbusebaa iyymhdowefcapptihardmpper coated
or pla-&gdj év‘it_thx’l, bid: Q)? rgofjd? t"ﬁiwl Bc’us\-lgalr lmat))f%e 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




provi ded herein. [0073] In one aspect of the present

invention, there is provided an EC devi ce that

conprises a plurality of electrolytic cells and an

el ectrode surface activation (ESA) unit, where the EC

device can treat a wde ran of wastewater in a

conti nuous and cost- effecti manner. [0074] Now
ferring to FIG 2, there is prOV|ded an illustrative

embrligaery; GRS dqvie s suficiens aumbericaf oesiocdlon i vesewaler to stay
in tﬁérﬂ@daéW([}:t fo‘i’]c BH? 1§ ﬁﬁp tse&ﬂléigngk %Véaﬂg égct: tEeXelnégbgf time for

conpri ses ura Ity Of aho

wastdv&ttc&stols’tay irwdlest: WHI depgeddf & muglipie tfidt6R! inclaameahé dmber of
anodﬁ and. cat hodes, two end bracket/stand 1 end
elecﬁfﬁbm%&e s ang dlow gate. [n pddikionthepstigencerhefrcengwoi ajasent plates is

detels'ﬁlg{ehng]maﬁlplg ik S(lgllfltdg b8W):r glgpa) f€ ﬁ{]gtggé?sou w&%ew%{[er to be

g a w per notor

treatelurlals inythe ftheurp @f 16d@rotddgutdtionnBamthé Blosé the Fistaned Between the
ng r drive shaft 2léf| rst shown in FIG5). The cell
elecrpdg plaics, thenlovsidhe DC valiageatsoiequingl farcrledelyisitoreepfépn. In one

LB ANE ! 568 WP A s,

distanee betsvech and platdsds atsounﬁltbmdmﬁal shape for ci rcul ar
pl at s i n_gne enbodi nent. The interior

I
[°°7%eei0tr1r gﬂ@e dRist m@ﬂ‘é@)éé t@k?étwaswt@nfmrameepmdreagp@é|umtc2 The
outlétRB{lifﬁﬁ\F)' loin§ent hﬁ: &1; ngteﬁgﬁ} Egn gﬁ@ﬁs‘? t{é?m%‘ Lnfl% Suitable

be of pol ygon shapes for eac IS to bé
pump@mvalnea canie whd pesomdrod thoflowr ilh bnabmbadmtehe the inlet pipe is at

o B - GEeBLSIL S S B et
be cOERRINES aOfhe tsEh%e te)i@ @s %}fﬁ é%aliﬁé“?hﬁé’w il YRS gﬁ%’%ﬁ]ﬂc& Sutw before

treated; it shoul easi |y determ ne
the inflow isfillyriraated \wﬂmn tleECsbaiced Ig bmfrﬁabodlmedi $pthsefdhe inlet pipe

s G5 8 45 v R AR gt BB on e piin

requisethé@bl e rraterl al by any known techniques. In certain
enbodi nents, the suitable materials include stainless
[0078]¢ el , Asdpr the rEg‘&Aqe@t,uthg »\gmanotpt st sneal] motor ¢leat dnivesthe wiper

dnvé@gft% Hﬁlg%g&a‘lgd@é‘w and cat hode el ectrode

araIIeI metallic

[00793I ect r oNpWi refq@tiag s Fili 3p qsee@I issprovidantal fthn ylepﬁéiadhb Gyuﬂtetocnd of
Eﬁ? h . other alternatively within the seal ed chanb
the vdfedaiaceqrdance it praseribgdiment efishe p@@@d ifiveptpn. The electrode

plateg%f'eefaké ed Ql%h 1 oceéé}ﬁmﬁ;ﬂ% eTR% fa%?e'ﬁ %Szi ficRi3e through-rods

el ectro yS|s era

and nuts. In addition, the bus-bars 12 can be located w1th1n any sultable 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




may be fabricated fromiron, titanium platinum

steel, alum num copper, carbon, netal- inpregnated

pl astics, ceramics or the like. In one enbodi nent, the
el ectrolytic plates are nmade of alum num |n another
enbodi nent, the electrol ytig| pl ates are nmade of iron.
The two bus-bars 12 connect 3t he el ectrolytic plates

alternatively so that every two adjacent electrolytic
one gmhodimenyy theanare| reade of y)laSUCS:eEach glectrodreplatrobies a flow hole 28

e t Lates .ar nnec
(shRPRIIEY 18 pERpIRE TRRARE I dvataveih T RS 1 Siibodiment, in
ordegup Mcreaslithe irivee] CaitdiREDf 18 %&té@%r RhtBireHe HCdevice, the holes on
connected to anot her bus-bar and connected to the

twopdjaaent, @lates pienappaesite tOheaqbco@cm ot ssuppidynt that ah@ holes can be

con SR 5 e o B RS,
embbdﬁndh@,&h@’ﬂ&‘w%l@' Z0ar8 ek O sﬁ&ﬁbe ‘Th@%ﬁé@ aﬂe Qﬁéﬁégécﬂﬂatween every

gold, silver, or the |ike. shown in 2, I n one
two pﬁhémt p@qtr@%pl@tqse 1] wipess Mtammoawemd @l th@ anﬂryirlvc shaft 21. In

one Sl "B B B b A ocata
w1t}moslhd bérfter a'hmehwaledomaahb&raxﬁnﬁlatw@&sw The Wi’;fBér' &a}e shaft 21 is
el ectrode plates reduces the accunul ation

insulted Hemstherodecizodgfplatee by the wwedrpaeaap@sers | A bgartrrg Wéh seal 33
hold@’ﬁ&r@{b T‘t 1L§ﬁ§eoilnﬁrﬁn£ Eﬁlg&ﬂxﬁ{m emr?\r} ' lﬁevg%/]tgrr t{i%;g§ah%ne

rese

[OOSWH le t Iﬁtense:oavmléx’ﬁl totuge Qﬂ@ﬁicﬁbél&éttdlyt@‘@bélﬁ i8S EC de¥it& but it
unmber of electrolytic cells within one EC

maydé\'itbeéib oy treps ag %’éfo?qaw@m%w%@émdc Elgﬂamveatprwfsthe present
1nvehﬁor? H%céﬂs?e ef gﬁ?%@ﬁm si 8{ ﬁ% Eﬁﬁ %? £t grﬁfcfc'efﬁ %H{hm one EC

mbers of cells to a st’a
devu:(h brdadeunkalits ea}ﬁainhtaﬂfsomﬁ trédllngdli}EﬁmS eﬁmﬁﬂﬁnanki fl“herefore in one

aspegt;/ | E$ hre{s%gtlgt@%w}llf ﬂ%@Sé oﬁgpvt S fé emx%tygiiz cteﬁs that can be

employed #HAROEC RRvIESRGher&ih Jh@ he& kfnﬁ%))éf” blectrél krhé cAht lbQQ’éfd on two

rate. In addition, the di stance between J acen
dlffepfrléppgailtsnpldmldﬁm ned by nultiple factors such as

d f to b
toosd] " oot ezﬁp’ﬁ’t rof 33% ﬁ’é? @3&838 B,Fmg,g(; a%c %raatgwrgﬁﬁ -figtion view of
a firdthpde 6%(3&*&?@“ célf‘?\-@é %ﬁ%%@%&éﬁﬁﬂl Bﬁhecmﬁ&ﬁﬁfefxpgpthe present
the 1T ower

pl at es, voltage is required for
invenfica t Fhis) 4<iel is an electya-congulation cqéhsi@ pmd:udn‘@cﬁ dagrifivigl anode to

s in the ran
creaSIRefafs 7 BRNEH R SpT il BRF 68 Beslivaser. e
anodbdliEis 030allfy Qfbeé]of Beninbieind(ik it iakhakohh©dBEe cathode 11b which
stewater fromthe pre-treatnment unit 2. The

is made of iron. In combination with the wipers (described in detall 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




outlet (outflow) 17 vents the treated wastewater into
the post-treatnent unit 4. Suitable punps and val ves
can be used to control the flow In one enbodi nent,

the inlet pipe is at one end and the outlet pipe at

the other end. It is evi dentM: hat both the inlet and
outl et can be configured at the sane end as | ong as
the infloww |l not mx with the outflow before the

reduger¢hsypicad commoyngy and edidige metpls newestewator. c &his| gxidatien process
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anoli? 442! adﬂ%t;i&{fiid %%cttr?dgé g ?f {htlgegaﬁ)‘x__:c@ ngélg %ﬁg Hive the same

an vl ew o e ou evice

th1chﬂe$9 sl @gnceathddelofahe Aeod1h dileemceld tar ﬁ@at%ﬁﬁ%ﬂﬂlutants whlch the A-
i nventi on. The el ectrode El ates are fastened al on
celliqaanet ek vigpraerias Thygaodaddens nepae anadeof ¢aseon ad athode 11d

macfce;UfQE)glh Fmg?e éf d{‘l%:u&ﬁhodenlﬁdgm%%l&nbe &E%h%‘éﬁ ?ﬁ e 8f2an A-cell.

oca n an

By eklﬂgtdlffdfbnplrﬁétas el&itﬁcam)s b@v@c&v@h@dtet\ialeh\k@f:aﬂ)bﬂ dridoating the
end EC devi.ce in_accordance wth one
Surf%‘fﬁ§ r?iecé‘f"df’ﬁ é"l @§E"‘r‘1t°XF4Weﬁt1P @ﬁSSIPGGBG}eaN@WHY impurities or

pou{lﬁflfgrtﬁdtr@& EQehilGhrot, t here is provided a schematic
cross-section view of the configurations of the

' [0089] ect r odotipbates of ¢dlls hame it benwinppreSuRdioas dndbeeompldnwatary to

cchiF e bl e TP B AEOSPE nDEAG TGRS BERTOLGrsiowter t

be tiﬁela&:dF HRSEO!delvivéedh &nconﬂéﬁré?ll with ra%%tghﬁfo%sofiﬂ: -RI1§ and B-cells.

i nsul ated fromeach other by electro | ate spacers
The ZWOdmge85@%¢€zlbcw bt placed aljsrnasly Bmﬂhhnmcﬁ afe tyhe, twelthe last one

sulated fromthe nd br ket and
shosBES 4l B a3 nedo G ey shtgscahty 7 uphBficieuladis)
[008s] ect r oggs pai%bas@ﬂaw@enaﬂ&erdmdqﬂgie a;sla/ssiswd(ﬁpl &uring the
insulating materials. In 13 one enbodi nent, they are

€ ecffal%ag@ﬁtlpna@pp@@ CEEEH Iearecmr@idempl aCarieat desighevbyhothsrs for

mlm%ﬁz é é‘rgt %: {/zgi\'logn)lf e Iheér lélﬁ.ﬁ I&(?I}%S)F}? lwq?rlﬁ)lr%g% 8@?‘ t erefore, in
anothélcﬁspa&eoﬂ ﬁhe presene invdhGb@NBeredk pré@dv@sh BY¥A ahit Wit hew wiper
the, EC device, the holes on two adjacent plates are

designsifhafiovercopedhe phastcrayingsiof thespréariadient t hat the hol es
pos§2n be 1aansd X ughied, dlh ri& hg ngaia?z%torsigea %duc’af)n gelalrbox 19, a

configuration accor I'C requi r énen
pluradite 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. Inreference 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 embodimeht,
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




enbodi nent, the flow holes 28 are round in shape. The

W pers are di sposed between every two adjacent

el ectrode plates. Al w pers 20 are connected to the

wi per drive shaft 21. In one enbodinent, in order to

obtain the best bal ance, th i per drive shaft 21 is

| ocated w thin the center of” the seal ed chanber and
Wi pers. The V\A?er drive shaft 21 is insulated

t
Wanﬁegquh‘éy 8P de ti05k1 6T Srapeer Byt designi Jde amqupt of passetasion of the
elecﬁ}ﬁ@ﬂrﬂ&% YL é&&éedﬁf cofl@bifiy the wiper shaft in

OW N novenent and water tight

[0083Eal i ng. T}{e(lihalle} ahd corfigieaianbemt blales S£ tHedQipbt €l be varied with
tic ceIIs in one EC device, but it may not

speqyic Gpatens Lito bs anpegistedbainl Fermbiebladss obs digqusseasroin can
be cbﬁ%ﬁﬁh%ﬁu&flnto ? I%@ &e%?&t ¥Ie& Itah(? F{,(g ! ;ﬁo gvrvse ?rr h&kative cross-

e 1nclusion o kln

sectibintiew and QImledwspéeumyaﬁﬂi&mpei f &x%@ﬁ@héd Wite %n@fambodlment
treati ng di fferent contam nants. Therefore, in on

of thespresant grvenfian.p T8¢ bladeias\shavndn FIGHd AeandsFIg bR hesia exindrical
shaﬂé' rﬁ% (lgcl’%ie% GibiQ v\%]tédr @c%ﬁbgﬁceﬁlt@&)ke%«?? Q&? th%'Wb?xyc%ﬂte% Blece has a

evi ces, S

: vmp@r&lrivg shafe hbhﬁékfoomaobmocﬂﬂhhﬁ eliccwipep@Eveadhath FIG 12A and FIG 12B
h rinciples, [0082] Now referring to FIG6, there is

shows 30 HUairalive ROTEBPEIoR, Bisdv sad @hvmmsmcmé@lx jof ghe wiper in

accdrddiRe Wltheel.n%@l{& 9}11}65{11%1&? bt th@?r@s%u v 1oi‘}C %\%s ‘é‘]}xc}'\l?n in FIG

one enbodi nent o e present |nven |on
12Aja0d FGd28chas @- pamaj el drival steipt withi tvg snaighcmﬂd:se RIG 13A and FIG

t te fl | ts t
138 5Pl a0 B0 Fosrdeaiar ievreabplon nispy Frseonie o g herviper in
accoldihce aiEHI8nd bAbbSinERH BF ke PG 9)(1‘11 i A "I‘ﬁﬁmm dsSs own, in FIG

t hi cker than that of the cat hode IS ma
13Aiand 101 3Bkt thicblade motrhsiph éhreigheus thedersth bbthd _bilade FIG 14A

and FES A PG o Do SR ph YR8 by o e
wipdd &S 5¢dbi9ddn6é1 witBlnd eRMdodmeiH bP{HeEiﬁi‘es%Hﬁn{zé}ﬁzo@ Rt HRRe as shown in
| eti on was reduced by up to 80% as conpared

met
FIG tlﬁA%ﬂlFé 148 laps\breshes (taethbrmshistydeymitachedfthopgladut terlergth of the

f |
bladt th s e SRR BGFR Y o Woues 51 B o Bivoringag sutabl
ﬁbens m fbrhﬁar gontis or hﬁmlnﬁwlﬁbi] Tﬁ&ﬂﬁ@i caNBY thefeedfimhdigtidl fikE 'tl@se used

there is provided a schematic cross-section view of

on t%?ﬂé‘@%‘haf iPpeigplecmateriab| I one @éb(PdU(nBﬂ% & hruplnis made of nylon.
Withidat ngﬁfbcge Wbﬁxﬂ} Pﬁﬂl . gﬁgcqf Ef‘ﬁ?é or teQ a{xa&{o%s etﬁs bueéllewr/]egd that the

I nvent i on. I o- cat
hydremm: tleeningt aaidygoacl mrladeqmet efféod resplti fAch th€ $1dsb dirodignity of the
e, net It uses

. ause el ec epl eti on.
Wlpeéﬁ i%%l} of‘yfarCSS 8& p]esﬁo?q) p%ﬁp 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.




reduce chem cal conpounds and oxidize netals in
wastewater. This oxidation process reduces organic
solids to aliquid, and a liquid into gas, usually to
H20O and CO02- Precipitation is the oxidation/reduction
of metals to formnetal m ngral conpounds form into
floccul ants. Hydroxyl radicals (OH) and ozone (03) are

0o Oci T odle? e e ¥ RCL A M 1o s rsnticA e Ageripton ofa

proe%@gr%f hdheRRESSC %ﬁ&ef&am%%va?é v\%l ﬁfo‘n\ﬁ% cc&ﬁ?rllce with one

B-cell can treat sone pol lutants
| embodnmnt oditke piesentvisverdionT HEheapieeteeatiaent unitsreedives thiadentafinated
ron, same as

Wat?fa?’ﬁ%‘glag%dﬁéﬁo %gvgt'hg éiqglaﬁggg%‘ihé Arcsmant Wit %{iﬁﬁé dasired flow
rate '?e(flﬁfe'd by ¥ RIS 'd@%c? ﬁgfffdc%%h r}%@%&g} Rh&cﬁlﬁ'v%kel%ter is introduced

conducti've nmateria e ca coating t
into sher fealed chahbertd thé Etheod:esnaMhb linleel6a theoxasteveaterinheanders through

es or ol |l utants that
the 95%“9!\1/ %Pfa?%sanﬁgf‘ E{B@%mﬁ? 'St(%&ove? by 819 &R, oSy and is
undéVle lﬁ[ﬂtﬁ:‘ﬂ@e b Rfd dieiRorAR AfofcSRTRY tﬁgﬁﬁkﬁ‘foﬁe&ﬁreg@gghﬁﬁéﬁ to the

a conpl ete wastewater treatment process
metallie elegprelydic platss byvah@po'&vor supply.r #h¢ edpers kiavEbeielva weper motor

will %ggt&qogsgncﬁ%u@\%gu\{% n‘Eﬁr(aﬂté]Hg ?’E?gspé‘:% 10ns Hloroughly to

enabdé EETCTRE @]e)ttr&“ch&nma[ %a@ﬁoﬂ%n%l& ¥RRe s tifB (i‘ndxéstﬁe 84%es produced
shoul d be a B-cell in ordef to renpve any netal

in tl}@r% @recash tq h@twt\mln tlfd galatinanstpsecipicovs} sp\shadithe trapred gases

i B s 1P SR B e Ao, bt o

sludgel wtentthd Gﬁasgfﬂﬁat&ye)ﬂtshﬂkSEC Qevid¥l MTHE &eaed tiBtdNadreexiting the
reacgas& vation have their limtations one way or the

pthehambsiellsypdisect]yninte ht prsi-trgatent unit. {lhe Rosetesiment unit is

preférQMZQB ibggﬁsc’)lséchw ?ﬁl ? a%{/oglﬁc gle rrgé{liféﬁle%ssﬁ u{:]rI ttg r};P\'\%l,ll(tgcrkhi:r;?l‘?)’ﬁ;]ulants float
fastapiso @s t@réduo{z 0086h rdevabiAofitiet fleeiiahisSThe Hovéuddits ARtdo quite

a.re uct n gearbox 19, a _plurality of w pers 20,
dry aé‘%&:‘l}}“@d eﬁ@ﬁﬁééﬁ’%@d@ -Wal9sEE Piedese shaft 21 and

[0096}ear I ng ﬂlg Ifhv%ﬁf} nﬁ? incIgY atrﬁgt}g?(gﬁg{ﬂe #8?12)‘)" rr:g ét?%féﬁg}d of the

he w pers erence to
EC @a'ma dé‘&hs mefigt isab isghanaiti autemass de€ag iofronei @imofe chemical

thec [ a t he, el ectrode pl ates and
COmW‘B*é‘F dﬁ%ﬁ@\ﬁdﬁ‘ﬁ 284 ypitrase the Olitfoat srmt b Wﬁéevmi@rs@nqrder to
incrdaby/ @R tic@finert RIfRIEn S TR0 ShdIRRAL conﬁ%ﬁﬁd K‘Mﬁeefs ﬂor'ily lufih Jﬁ%n? chloride,

consists of two bl ades as shown i n
. ferroppiselfaterand ferriseichlovidp ean be addektd the mmmmng vatefvater at about 15

gramgI (?ﬁc’e b g’th W\Q@tewatefl %t}lgr cl;rg]rr?lcgfsa(%gsbeaas%ddgr%lv%ggc{hey 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.




and made in such a way that it only touch the
el ectrode surfaces very lightly or do not touch at
all. Using hydraulic operation principles, the
rotating bl ades create hydraulic cleaning action of
the el ectrode surfaces and tyybul ence of the liquid
inside the cell. Wth the ESA unit, it has been

ed. t hat the. netal depletlon of . sacrificia

d t
l°°%%eg2 ? f oggﬁﬂwvew isdhe Eeadayyeaith 8s awosiated e ppWpiLTupPly. For
skt 195 bufli@ P 40lichl uBERAN BHLiOF 0P bnb BF mmany (array) units
cor{nea'sd in paallshaperdant inorhigtheairoansiog flohécapheitiesTidf system may

gn&%r can be varleg with specific¢c appl.ications.
°°nﬂst PSPHIEPHPIEHSARRINA P8 POHaiFCamPRshemicab agiBg SYsierms automation

[ n be conbined for use in one EC
lee@%%%iﬁg?%ﬁ%gxaggg FIG 11B shows an illustrative
[0093] 0SS- SEh¢ anouui efvaitdgphad current feqane@praidy o thieheolume of
wi per accorda c with one enbodi nent of th
Waﬁs?‘getsw%%v@ﬁ?ﬁs ﬁ@emnécf@na@t@ﬁ%ﬁf pqntwn@a&th%@e physical
sizd dfnd EB fRged cyllndrlcal shape. The blade is
inserted into the w per center piece 27 and the w per
[oozgnt er pWigle Hees fereguinge haglpresentddadéschiption® Dff mrtam preferred
the wi per drive shaft., FIG 12A and

dat
o5 oggﬁgcﬂ%éh%\%r%mg&vmam dt t5rigshe widerstond @5@ thesh GCS}SFIBHOHS are
preéé‘n?éﬂ by oas Qﬁ"e&%ﬁleo(tn& IEtﬁd W dPRSt infend@F ROLARNGE s%ﬂgﬁe'bf the present

anot hér enbodi nent the present 1 nvention.
invengioghdtis qxpemﬁhalmearmtllﬁdﬁlmmml perpeivt vaiations whlch while

aififod B5H5R foRo0e o1 R Pt PTG, s pLTo R hton as

her@haescyﬂb@waﬁ@&aﬁﬁgd.vel y of the wiper in accordance
W th one enbodi nent of the present invention. The

bl ade as shown in FIG 13A and FIG 13B has a thin

bl ade protrusion throughout the length of the bl ade.
FIG 14A and FI G 14B shows an illustrative
cross-section view and plan view respectively of the
Wi per in accordance with one enbodi nent of the present
i nvention. The blade as shown in FIG 14A and FI G 14B
has brushes (toothbrush style) attached throughout the
| ength of the blade. In this design, the blade has a
plurality of holes 31 for acconmpdating suitable
fibers to forma gentle or hard brush 30. The brush
can be made of material |ike those used on toothbrush
or any suitable material. In one enbodi nent, the brush
is made of nylon. Wthout wi sh to be bound by any
specific theory or explanation, it is believed that
the hydraulic cleaning and good turbul ence effects
result fromthe close proximty of the




wipers to the surfaces of the electrode plates. In one
preferred enbodi nent, the gap between the w per and
the surfaces of the el ectrode plates is 0.5mm at '
maxi mum [0088] Now referring to FIG 15, there is

provi ded a schematic view of basis electrica
connections in accordance with one enbodi nent 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 proVidlng | ow vol tage direct
current electrical power to the el ectrolytic cells
via the bus-bars. The w pe -is also connected to
tWiat AClapoedis: suppl y. The necessary controls are not
shown. 16 [0089] Now referring to FIG@ and FIG 16,
there is provided a brief descrlptlon of a process of

Usi ngA# h@cdﬁGcQéi\ﬂaﬁgn f&ﬁ;ﬂc@’aﬁ& LT Iggr ah{ﬁeg)g% :IE@% twth contammants

accor dance with one od nen

FIRRRton. The pre-treatnment -unit receives the
unp to draw the

t
°°§u?€‘Jb’f“‘?%§ft°ﬁW’ﬂeJ i LR S P R A ——

P ‘éa‘l“b@@flﬁhqde(#ldgyoc:&]eiaﬁﬁaﬁ@tﬁaﬁ%dtél’tgxfnh’t%%)ﬂ s%[lﬁﬁfo%p %{ &% plate and
stewater.1s I ntroguce Into e sea
ch a%rt)lgd EQIXY?h}g? CHElFEEYUs £oH it which the aquénas fluids undergo

slecsodwatien remtmden shdt hlieoéb@l‘hmlgdsﬂl% ﬁg\%ﬁ:&fn@ %/e z!t{ﬁoxpsl f?o gtﬁants and

n the
S‘lllldge 51}};? Q?d dpqﬁhe repclions, amil @’%F‘ﬁfnl theelecrodd pl@qqsgare substantlally parallel

n@qtdb@ ¢lg¢mﬂytw@lit&rdi EEdOfIbEthRiaf ent
‘ suppL I%d to @O [1ic el lélc%’rso lw’f‘%‘lﬁ%‘f&f‘és by -t he
S

pover Stppry. ”%H@SW EF SnelPls/ean ipgornrgednfoptbe ammiegrand another
- bug-bdr lcdntcathudiss| y cl ean the surfaces of the
el ec%roll %/tt |dc EI ates, mx the ions thoroughly to
enabl e EF 99 iSuiftceachaieoESHe Mt dbvingaditivensaftamd @lurality of
wiees manmged llﬁﬁzom}%ﬁcrhhec
pp{es s to contact wit ﬁa?h gﬁr 8& gdbg"‘beregéfvﬁl Féfqnbﬁ@cm’de
o+ FATEIR e Vipsts et lighibyds tomhtohumclbdaepz@d‘xﬁﬂy Bf thatsL@LSs of the

elmt}dde pRiS, atnlafivﬂéfe‘?x? {hQ'dh@%H sﬁ@ﬁ ‘S:/ﬂr‘:’térr%bi% :ﬁcggsaég?ﬂsme& fop g¢nerating

h(# ¢C céants but not
XFRHEC detaast thermarfages af @d? destodnpla®t s€%$ td W}GnB‘rkeor minimize
cd@aﬁﬁdn@ae&gﬁgpedrndfl ows directly into the

i's

post-treatnent unit. The post-treatnent unit '

pr efisealpd 9haﬂﬁ>ebmthﬁosrémme sie@tdde ?méblﬁﬁd A st 48Rk sBosed.

-polyner to nmake the flocculants float faster so as to

reduce cost in renovable of the flocculants. The o
2 | odbal destrocengalativrs alevjué tog cmrnylame,@ﬁqmeragcdo & plates are
fagfchRl trRondng, wat eri ng process. [0

i-nvention rréle)%&f%%?a%idﬁgmn‘é‘f BEYPfearsiHae Oifnli‘j)rloﬂliamgm platinum,
stegh falurhianey Cof)pdrhearbon 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 elegtrocoagulation device of claim 2, wherein the electrolytic plates are made

of iron.

Amended Sheet
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EC device. This nethod is to inplenment automatic
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 treatnment efficiency. A

chem cal conmpound such as poly al um num chl ori de,
ferrous sulfate and ferrite chloride 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 poisonous or giye harnful residues in
‘the processed water. It will also have the effect of

rDedUCITﬂng eﬁmhatoa@&lﬁhtﬁi d&iccadf I/ ?lv@f‘ewupgzﬁ:ﬁ of’ tﬁ)cr lectrolytic plates
ess pol | ut ed wast ewat er af

roc
331 a r?g wﬁl& thﬁ@qve@ﬁﬁ flpid to P%@ﬂpu@e@@mdnmgelm ahbt@er; wherein

chell&adn thdtadfa8erRblatddGre ?{)ﬁt\é’%o%g mbbofiBY be necessary
to pre-treat the waste prior tofts passing

t hrough the el ectrocoagul ati on process. Preferably,

tehe pirges Lk sgs,i.nvol yes. renoval of |arge

si zed sus gﬁJ Hgéh Bﬁg&?c (ﬁiflaéla T 8p57Rig afl ke W“a‘f*\%?ﬂ@ﬁe plates are
emrpegipd fql@lc\mls-tbewaﬁ&bnneﬂztzd td B0 Qaéltlv-ghén%nﬂam ¥enbt %@wbxssupply, and

‘ s associ ated DC power suppl
E‘JES’BF‘CC%?‘?% ﬁ%g"‘?g °“~‘C¥°@ PIFiES pritcgnnecied & Exihenbes-taapd connected 1

ﬂv@msgastvcm‘mmweommmpb“(eawp@m units connected in
parallel in order to increase the processing
fl ow capacity. The system may consist of punps,

pr e- tTieatlevantoagnrtigngdvide 0@ BfalfR it wﬁéﬁ’cﬁm}%‘%us 44t ngﬂe of copper or
auto control system and pi pe-wo

%%8§§fa%%8r ﬁ?ﬁdp’VBFﬁ%g@khnd current required
depends on the vol une of wastewater to be processed,

§he t eland concentration of contam nants, and the
bhy si ‘d§iclectiposeyptionisviecofidaiicle whp@DOHE EWivhie firther comprises:

fore@Qp&@zB@§m9ﬁ§§@ﬁked descriptions of certain
preferr embodi nents of the present invention, it is

: t o bé&" Eﬁa‘é‘rcé?%fofo't friting the wéped ds o shpft ivianiss el reduction gearbox

Presamnesth ende
to limt t elﬂ\évg%é gflc})lﬁ Paﬁ-{gu‘ee“/ﬁ)senfwe ?ﬂgéﬁﬁ? g)enand|aﬁloyv§1g smooth
1%%@%%Wé@dﬁﬁ@¥f@hh@ﬂs@skMIIed inthe art will perceive

var i ahhRRfy We ferin from e foregoi

do nozp depart bf?ﬁ}rﬁﬁléfﬂ ré?%rﬁflsruhmfém? Eﬁrpséa%? rophige eider d%PIa‘eS
whey diet drivier skaft prorieites tdesleﬂldaied)lmgwﬁér@inrfﬁg drid® shaft is disposed
‘through the centers of the electrode plates.

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

cylindrical shape with two straight sides.

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

protlusmn thloughout the length of the blade.

12. The electrocoagulation device of claim I, wherein the wiper blade hés brushes’

(toothbrush style) attached throughout the length of the blade; wherein the wiper blade
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CLAIMS What is clainmed is: |I. An el ectrocoagul ation
device for treating aqueous fluids wth contam nants,
conprising: a plurality of anode el ectrode plates and
cat hode el ectrode plates, wherein the anode and
"cathode el ectrode plates are arranged alternatively so
that one anode plate and one cathode plate form an

el ectrolytic cell with which the aqueous fl uids
undergo el ectrocheni cal reactions so that the

contam nants wi Il becone gel atg9znous fl occul ants and
sludge at the end ofthe reactions, and wherein the

dlugleet roothprigdsat eRurANE of Hasds A l@ll\Jvcy sRfLa {a@ ar a?}@lc I faces to

leC%r‘%éﬁﬂggf tes dlsposed subst ant al

. dach L0 st bruglborbepsh pide.s, where one bus- bar
i's connected to the anodes, and another bus-bar to

t he cathodes; an el ectrode surface activator (ESA)
unit having a driver shaft, and a plurality of w pers
nount ed t hereon, wherein each w per is disposed

bet ween two adj acent el ectrode plates, wherein the

wi pers are lightly in touch or in close proximty of
the surfaces of the electrode plates, and wherein the
driver shaft is operable to rotate the w pers for
generating ‘hydraulic flow against the surfaces of the
el ectrode plates so.as to renove or minimze

cont ani nant . deposi tion; and a seal ed chanber within
whi ch the el ectrode plates and ESA unit are di sposed.
2. The el ectrocoagul ati on device of claim1, wherein
the electrolytic plates are fabricated frommateria
selected fromthe group consisting of iron, titanium
pl ati num- steel, alumnum copper, carbon,

met al -i npregnated plastics, ceramcs or a mxture
thereof. 3. The el ectrocoagul ati on devi.ce of claim 2,
wherein the electrolytic plates are nade of al um num
4.. The el ectrocoagul ati on device of claim2, wherein
the electrolytic plates are made of iron. Anended
Sheet

Amended Sheet
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][PEA/AU 19 5. The el ectrocoagul ati on device of claim
1, wherein each of the electrolytic plates has a hole
all owi ng the aqueous fluids to pass through from one
cell to another; wherein the holes on two adjacent
pl ates are opposite cross the center. 6. The
el ectrocoagul ati on device oR0claim 1, 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 cathode el ectrode pl ates
13. ar'€hecleceatoagulntiomdetibeof Huasn hawhenih the seadwel chadmber is fdrened by

negative, term nal of the DC power supply. 7. The .
two %ﬂ“g‘&f??l%f‘g/a@&fh B¥q el swlatass, ¢ pluralithehieleciiode platesand a plurality of
- . 1 . o
e erd RAINSE0EL 6 APl e ORI GOALER, Ol htbomen,
prevetdingdenkage of Biuid and gheesei n the ESA unit further

conprises: a speed reduction gearbox; an electric
nmotor for driving the w per drive shaft via the speed

r : r . o
14 | THEHERO SRR 0poBSTEIR A R R 0l A n o
for attowengetite BGdewitecto gdtghé agesdusrtuidafst teeaphettaindtexitothe treated
vviggtir. spacers for insulating the wi per shaft fromthe
aquegysdliid$je plates when the driver shaft penetrates the
el ectrode plates, wherein the driver shaft is di sposed
through the centers of the electrode plates. 9. The
15. el Baa elscwacpagulation deeice of cddincll avhertin alheneerel¢dtmde plates are
JM.per bl ade has a cylindrical, shape. 10. The
sacnﬁ%lglgﬁoregégg%rm Ey FIS?fr%g% U9n deViem 1, wherein the
wi per bl ade has a partial cylindrical shape with two
strai qht sides. 11. The el ectrocoagul ati on device of
16. c|Bhaglectragnegwation deviogi gfslaitpl b creheteas alh anddereldsirade plates are not

- PL [ 0 out .t l.engt h of the blade. 12. The
Sacn@%ec{ot%ctgg%ﬁl}ré} %ig%rodg?}?ﬂggc JFVIES-ai m 1, wherein the
wi per bl ade has brushes (toothbrush style) attached

throughout the | ength of the bl ade; wherein the w per
17. p| HaeeClegtracqaglat@pedvice 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.




| PEA/ AU 19a further conprises a plurality of holes on
its two surfaces facing the plate surfaces to
accommodat e fibers to forma brush on each side.
Amended. Sheet ] PEA/'AU 20 - 13. The el ectrocoagul ati on
device of claim1, wherein the seal ed chanber is
formed by two end bracket/stand, two end insul ators,
a plurality of electrode plates and a plurality of

el ectrode spacers with Orings so that the reactions
can be carried in a seal ed enyjronment, preventing

| eakage of |iquid and gases. 14. The

el2ect mae @la@wcab(%gz?logﬁl‘ébgﬁ og{llalﬁ [ﬁk%lrn Jl{z‘ f:ltewsodc plafes ate mounted

s .an in
3185? lt‘/ Jigeh thesealedhehamber Whei tblssdef/xoe lstmmtddefnttlcal}d
exit the treated aqueous fluids. 15. The
el ectrocoagul ati on device of claim1, wherein all
ahodeds| dettrasdgulpicat egstan efor seartihd iagiddbs SIS Wil E@fidMinants,

@i;& nfii S%g; ro-coagul ation device. 16. The
ectrocoagul ati on device of claim1, wherein all

, anodea Blledtmtrmiﬁhe ik ﬁireé‘cea/ﬁr% thOiqueSBGILidE 'lcPlBéEkea&g as to
rman gg catfa xétl c, device. 17.
eI ect 1€ 5%51“5’8‘1 B 19RAFFRiRing the @pggons fl'BdS mlmawdt he

anodea elueddity M%nﬁﬁ@%ﬁﬁtr&fe plal@?gﬁi QJth&i@ Vég&ﬂodél'glatel Q/her%m the
no ctr(g ﬁg# tion device of claim1l
% St BtiePislcare aragew dmpevedy $a et ¢d¢@np®smlale and.

¢e. gathodsaglbdel fopnakhn \ebecBOR 1S AGH | '
% brid EC devi cle n19c Tgrel el gc{’l}lggglaguﬁ] t?@egu 9’ds undergo
cle fﬂ%ﬁnﬂ’?ai reagHepsesorfhatbe entpa ants willi tesonmt pdatinous ﬂocculants and

shafxt anthe and &f 8¢ feaédibh . {0
m{ag?t ed bef orte 1S uégﬁH%gMélfﬁt% H%éu%? F 8@%5 g 35%%36‘ Suy parallel
lagel ¢ Elegifoleicalied disngred sibsianthdly pomticini mhbeher ncl ude

Or gan} GSst t%t@s%ars%&%oorng %ﬂg BAIS; f?’g‘ﬁdgg\ﬂ [Fg aB?deé’I %drﬁnother

part| cl es. . The el ect rocoagul
fus- Wférﬂﬁfﬁﬂpﬁ@el ectrode pl ates are nount ed

an elcctrode surface activator (ESA) unit having a driver shaft, and a plurality of
wipers mounted thereon, wherein each wiper is disposed between two adjacent electrode
plates, wherein the wipers are lightly in touch or in close proximity of the surfaces of the
clectrode plates, and wherein the driver shaft is operable to rotate the wipers for generating
hydraulic flow against the surfaces of the electrode plates so as to remové 01; minimize
. contaminant deposition; 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, tltamum platinum,
steel, aluminum, copper, carbon, metal- -impregnated plastxcs 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.
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vertically within the seal ed chanber when the device
is mounted horizontally. 21 22. The
el ectrocoagul ati on device of claim1, wherein the
el ectrode plates are nmounted horizontally within the
seal ed chanber when the device i's nounted vertically.
23. An el ectrocogul ation systemfor treating aqueous
fluids with contam nants, - conprising: a pre-treatnent
unit for receiving the aqueous fluids to be treated;
a post-treatnment unit for rec2ving the aqueous fl uids
being treated; a plurality of anode el ectrode pl ates
- ahd cdhhchetr moegmlatmesmteat es clavheneite dieveolydao Qlifesaatd made of
cakphpde el ectrode plates are arranged alternatively so
~that one anode plate and. one cathode plate form an
electrolytlc cell with which the aqueous fl uids
hem cal reactions so that the

el ectro
| ggnt aﬁf“n&lﬁ‘f‘gﬂcﬁﬁau atigp spien 9é clatm Adushetdimersh |oamc§1@nquuc plates

BasudlB6le allowing tBOshRbud gin t
gpz@trgdeo Iggesggrgngﬂggtaﬁ%&%??a%higgﬁf refit m Wherein

{8 BN {9 adipsent rlatesiars ppmasite smbsthtamltcal ly par aI | el t 0
each other; at |east two bus-bars, where one bus-bar
i s connected to the anodes, and another bus-bar to
the cHrdlenttocoagnlatibe sitsteod of eluiitf at eviacid Mathe ramﬂcESA‘c)clrodc plates
MBlcbnrf2Ed IR 1Y ez{ndscgﬁanetctegﬁn%eﬁggtll%rég%}lxé% 8§%BC poevei supply;

nount ed t her eon, ere
- andt Whengint alb the] @tent cddceods Piiges prk ado@factedhBr Sldthel NRis-bar and

R&L S t in close proximty of
(%%e suf?ggg% oyktln“mﬂgfg%ﬁxgﬂﬁ“ﬁﬁﬁpg , and wherein
the driver shaft |s operable to rotate the w pers for

enerat.i h ic fl o ainst the surfaces of the
B oot Mo QYRR el BB Shersi e bar 1o made of copper

¢ onprEntoral orgpépaiswitii O siledrdr gojgeal ed chanber within
whi ch the el ectrode plates and ESA. unit are disposed.
24. The el ectrocoagul ati on system of claim23, wherein

dthe @hectledtopbigalapbmt §seRr 6r daky b§aw9mfnf Y '?:%tAefdnﬂ' further
sel ected fromthe group consisting of iron, titan

~ ‘BPBEYHium  steel, alumnum copper, carbon,

netahsp@m&ag@@hggagkgstlcs ceramcs or a nixture
thereof. 25. The eIectrocoaguIatlon system of claim

23, HheFerinmos fer dsivinedhs wiper dhivetshaft vin érerpebe reduction gearbox;

a bearing with seal for 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 the driver shaft penetrates the electrode pla’tes wherein the driver shaft is dlsposed

through the centers of the electrode plates.

32.  The electrocoagulation systcm 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.
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of alum num 26. The el ectrocoagul ati on system of
claim 23, the electrolytic plates are nmade of iron.
Amended Sheet | PEA/ AU 22 27, The el ectrocoagul ati on
system of claim 23, the electrolytic plates are made

of carbon. 28. The el ectrocoagul ati on system of cl aim
23, wherein each of the electrolytic plates has a
hol e all owi ng the aqueous fluids to pass through from
one cell to another; wherein the holes on two

adj acent- pl ates are opposite gross the center. 29. The
‘el ectrocoagul ati on system of claim 23, wherein all the

a¥fode Bleedtatodengpladbesystdh & CRMARESL n
nected to the %SSI ti vegltr}g% ﬁﬂfﬂteglf% G‘BE‘%Z%%S a thin

?ﬂ%dﬁlp y &rllsﬁ’lﬁ’cfg'i%%l}"é‘? H’e&@l&thﬁéhﬂdudmde el ect r ode pI at es
‘are connected to another bus-bar and connected to the
negative term nal of the DC power supply, 30 The

el ectrocoagul ati on system of claim 23, wherein the
bus-bar is nade of copper or copper coated or plated
wth tin, silver or gold. 3.1. The el ectrocoagul ati on
system of claim 23, wherein the ESA unit further
conprises: a speed reduction gearbox; an electric
motor for -driving the wi per drive shaft via the speed
reducti on gearbox; a bearing with seal for hol ding
the wiper drive shaft in place and all ow ng snooth
movenent and water tight sealing; and a plurality of

W per spacers for insulating the wi per shaft fromthe
el'ectrode plates when the driver shaft penetrates the
el ectrode plates; wherein the driver shaft is di sposed
through the centers of the electrode plates. 32. The
el ectrocoagul ati on system of claim 23, wherein the

W per bl ade has a cylindrical shape. 33. The

el ectrocoagul ati on system of claim23, wherein the

wi per bl ade has a parti al
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cylindrical shape with two straight sides. Anended

Sheet | PEA/ AU 22a 34. The el ectrocoagul ati on system

of claim 23, wherein the w per blade has, a thin

bl ade protrusion throughout the length of the bl ade.
Amended Sheet | PEA/AU 23 35. The el ectrocoagul ati on
system of claim 23, wherein28he w per bl ade has

brushes (toothbrush style) attached throughout the

- 35. | e BleBfrod u@ti@ﬁ%tys%a BE b{&iﬁl% WhiRt measgfg)e bIABL &S brushes
conprises a plurality of “hol'es On i ts TWo Surfaces
(toothbishgtytlé)eatpichtd tlronghamestht dengile of thetislades viliddein thé viper blade

forma .brush on _each side. 36. The el ectrocoagul ation
furthep comprises & piptaliss OF Lo igifurouahees tmeoe Flale surfaces to
accolmMdBE fitkdYs o @gg :and, two end insulators,
0a pl urafi tSy ‘é@ng{égogpéo e%#%%%g and a plurality of
el ectrode spacers with Orings so that the reactions
c be carried i.n a sealed_ _.environment, preventing

36. | eLheglectsrcongyation sysienpfclainn?3, wheeein the sealed chamber is formed
by tvd & 6:38 L | ’ A i
y o G bAGRAGG, Ao BSOS, A el el cltBl fves apd g plorlity
of eldetrode spacege twithh €-aipgs oses thdt uhd sref@ionk reaat berhrridddin a sealed
.exit the treate aqueous, fluids. 38. The
Cnvirgpment, B@Hﬁ@ﬂ%&%eg’ﬁ‘ﬂé%%ﬂW%ﬁ m 23, wherein all
~anode el ectrode plates are sacrificial so as to form
an el ectro-coagul ati on device. 39. The
37. el Bat eloctomgagulatiansysiest eficlaim 8B afurth@Zomphizeeaminddtland an outlet
or S e e B o b A o Sl B s
aqueGissiiigfcoagul ati on system of claim 23, wherein at
| east one anode electrode plate is different fromthe
rest (e.g., sacrificial vs non-sacrificial) so as to

3. ¢ I AClYoh o, SRR 5 el SafBEAR PRORILEAIR bloes e

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.




contam nants are any aqueous solution that needs to be
treated before its use. 42. The el ectrocoagul ati on
system of claim 23, wherein the contam nants include
organi cs, netals, mcroorganisns, and sub-mcro
particles. 43. The el ectrocoagul ati on system of claim
23, wherein the el ectrode plates are - nount ed
vertically within the seal ed chanber when the device
is mounted horizontally. 24 44. The

el ectrocoagul ati on system of 24ai m 23, wherein the

el ectrode plates are nounted horizontally within the
$éal ed he rdsperoaghlation hestdevolc elalis 23D Wik MRY L@kt Ylates are

f .freating ,aqueous fluids wth
4rounfed RoASSeally vgl#lﬁ)rrl ?}glsﬁﬂmgwg\g

cont am nants, °c F’d‘lﬂf?@ thefdevice is mounted vertically.

el ectrocoagul ati on device with a plurality of

gkectnol ysi St (‘:ﬁ‘l | s, wherein each electrolysis cell is
conpr i set “5F ChH 4g dau e Bpidp ith gonsareinants campristrigode |
el ect podiding| ah eslecddodoliiatib |4 elLeal LALY $F Siectralysis.

[ ﬁacti ong Lj?i,hen a, povve.rz’ s?uplp_l fglégs‘%%\?i é‘g{?myly ﬁt gyt cells,
t (ére’élqﬁf’é ectrplysigsceilris compased| efcar andaglecaddeasiate @i Gecathode
wharse Platd)8nd RUINEOMSe ElMjdS underqo el ectrolysis.
reactions: and provi di lﬁglogﬁsﬁrserg%sw o IR RO R LSURR)Y dsgovided;
passi ¥Ee{usHgothet sqpeaiselitidodeo phatReyocsh@l@bn detibe wherein the
R8AS RIS B.bgr that is in close proximty to

?ﬁe su.rf.a,cgs&g%t ﬁ%xé’lzi%e‘é?“?‘é’a% a1d| ates and operable to

r ot atREOidgipg gencanaformyinhyidinguhd pashil1on 3@ @lcNSdctrbieplates, wherein

168 " o] ectrode plates, Amended Sheet

] PN R A \l/}AS\I\F{]?ESV ‘E!‘LTE@‘FQ&’ PIKERY 9EbF serfaskpof the electrode
PRECESSOIFAUSING TS AMEFIER MRTRMTERAREARVEN aces of the
ABIRAG s The present invention provides an ‘

el ectrocoagul ati on device for drinking water and

wast ewat er treatment by el ectro-coagul ati on and
el.ectro-catal ytic precipitation principles. The
“invented device conprises a nunber of electrolysis

cells formed by round-shaped ‘
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el ectrode plates through which the raw water and waste
wat er passes. A low DC voltage of 5 to 15 volts is
applied to the cells. In addition, an el ectrode
surface activator unit is provided to elimnate or

m nimze the passivation of »izhe el ectrode plates. Al
types of inpurities, including suspended solids

sub-m craon ﬁartlcles di ssol ved matters,

ADY ANGER ELIEETRG- !?&AGW"EH’N BEXNGEMD é’Be(ACESS OF USING
d |
e oo THE SAME FORCW REIRW A TRROIREUAMERTA 2 958

by the device. M cro-organi sns and bacteria

(pat hogens) will be effectively killed at up to
99.99% The invented deMBRERALTEapabl e of continuous
operation. FIG5

The present invention provides an electrocoagulation device for drinking water and
wastewater treatment by electro-coagulation and electro-catalytic precipitation principles.
The invented device comprises a number of electrolysis cells formed by round-shaped
electrode plates through which the raw water and waste water passes. A low DC voltage
of 5 to 15 volts is applied to the cells. In addition, an electrode surface activator unit is
provided to eliminate or minimize the passivation of the electrode plates. All types of
impurities, including suspended solids, sub-micron particles, dissolved matters, dissolved
minerals (including heavy metals and colloidal compounds), oil, grease, organic
compounds and algae are converted to flocculants, water and carbon dioxide by the device.
Micro-organisms and bacteria (pathogens) will be effectively killed at up to 99.99%. The

invented device is capable of continuous operation.

FIG 5




