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; edel.< 6KT&~ ' r,~ ~ z ~uN zooi This applicagtionis a '
cont mmgﬁ@mﬁ@ﬁl@MFarg dpplication of and clains the ben%‘,i’ of th(! %a&'HMrZDDZ
file application, Serial No. 5 60/076,298 fifTed on February

27, 1998*1em¢t t | ed "El ect rocoagul ati on Device." Technical Field - The present
invention relates to a nethod and apparatus for treating a liquid and, nore

P2 EEMIRALER . 5 o7 - MEEEhs Ankb SebArARaR #0800 %" Fhe T ot d to
be renmouggyer separ abl ELEEIERG) BUATIONSOFDEQUIDS he art to

el ectrolytically treat liquids to allow separation of a broad range of
contam nants inclkudin -al sQlj.ds .. 15. pat h S...coldoi and ot her
undesirabl e subs bﬁﬁp@l@ﬁgg ?BF?P#“&“‘H%‘@H%E?}? gﬁﬁ@%it{?&oéﬂ'@dca?én%f an
electrical {Hlchetftofthd SarRBPhldrbodicford] AbH-ARM, BepafiNg? @ chamber in
order to coagulate and otherw se to allow r_remiva of Tnpurities found
in the ki quggd/76seARARIEFSHrudryP27, A998  dntiliod i"Efe it ol RhIREEN f OF
electrofytic treatment is discldsed in PCT 20 Publicatfon No. WO 9640591.
Accordi ng t Dewidges” i nvention, a waste streamis first passed through a

pol ari zi ng neans having an electrical potential that is different than
ground potential, and then passed through an el ectrocoagul ati on chanber
including a_plurality of elongate el ectrodes or electrocoagul ati on bl ades
whi ch have aﬁﬂg&hﬁéﬂ I@ectrical potentials in 25 conparison to one another.

A plurality of hgles are provi.ded jin the el ectfodes to cayse turbulence in
the waste stream RFPEFSENf pyegipn rf’lﬁfﬁséﬁée‘?e&'o\%a "‘!Ppér%u%gﬁz‘reé‘ e

For 1151 ne B pifSELE EEHRMERY, Rlantha U BB S et the
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Foqui 1 o8 nePErBEbRUITEr HISE BT A Bl fRARE0 RO IS G

strength 5 m%ﬁiaqg%@qeﬁllmeaioglgqyﬁgg@_ pressure which nust be used in order
to keep the waste stream from cl oggi ng. Because the bl ades of these devices

have to be significant in size and strength, a limted nunber of them can
be used in a specified volunme which reduces the actual surface area
avai | abl e f BackgrenndAgtgul ation treatnent. Additionally, these coagul ation
bl ades 10 require hi gher jnﬁgt Iin? voltages in qgrder to obtain the desired

anper age bet ween ltif&ngradadhe arttaelegtealytically tregtdiqpidsetoallow t hei r surface
Smal | er
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e ey bhBgrob USRI DatBaBLcERERRRY "Ly, S

the torturoys,Paddt idGiles AESER i a@%&ﬁ%@g%elﬁ%@i&ﬁﬁﬁé&%ﬁﬁa Hg@ﬂ“ced by

the electrolytic reaction 1n the Ich turt I ncreases the
pressure upgdntafifedihad@ambGqaoddddboagultddihdoitervite Ro AHoWUS: be used to
overcone the natural tendency of the waste streamto clog within the 20
chamber. Thirem&@l gfiihipuecaics douwd aothedgped. Une example obpgeioramt t er as
disclosed in U S. Patent Nos. 5,611,907 to Herbst, et al. and 5,423,962 to
Her bst, anddevicelad methbd desclsatrplytic treatment isclisdlosaddniBCT hese ot her
patents. O her exanples_of electrolytic treatnment devices are disclosed in
U S. Palent PublicatigmNos¥0t39405 9 fe diccarding tethipinantionoa WaSEE7SiTaa o 25
Her bst, et al, These devices utjl.ize electrodes in the form of Eﬂstal t ubes

or pipes bufs fEspassedgheonehe: pelarizing mesns having ap clescalipoential Batbes. Thi's
amount - of - douth efdrCRt thn BRAGHLPOERA, 404 iR PasSTRbStan APP! | caL1 Ons.

electrocoagulation chamber including a plurality of elongate electrodes or

electrocoagulation blades which have different electrical potentials in
25  comparison to one another. A plurality of holes are provided in the

electrodes to cause turbulence in the waste stream which, in turn, increases



|l ~~,1 JUNp . : .3 US Patent No. 5,043,080 to Herbst di‘k@o o
flat el ectrodes used within a coagul ation chanber;' however, in or‘EZr "ﬂgﬂ 2002
the apparatus of this invention to be used, the edges of the coagul ation
chanber nust be tightly sealed. After |ong periods of use, the -seals are
difficult to mintain. 5 U S. Patent No. 3,925,176 to Ckert discloses the

use of a plurality of electrode plates for electrolytic treatnent of

| i qui ds. However, these plates are not 2intended to be renoved either as a
whol e or individually. - Furthernore, the device disclosed in this

reference cédrnefficimcyafdhe diectroeospilation.eAdthbugk dlis deviceahaybe Whi ch is
desirable in many circunstances. 10 U S. Patent No. 5,302,273 to Kemmerer

di scl oses aad¢quatefordtecintended pudpades ené disaduantggaof thisitavicadsthabg wit h
multiple circular electrode plates for the treatnment of a fluid. Because of
the t ort ur othe tosFous flownath phthewaste seepmrasdhpasses thypughthe desiieee, hi gh

pressures are requr o,nove the |iquid.throygh the devjce, and the

| e the leetrPaey o7 el erargtiaion KISdeR to i o/ Bued e,
Sﬁ\élrfgoapﬁgtof. ltjapfﬁ Qﬁg{ [£goin %%lu rart referen esBis t,hat tﬁerghies o
o means. by oridiand the Bt B Bre¥nfiivRiot bt Fedllf Bhderto Kb, age ana
avi ng o uee Ak skoapil ABetE, BephiOHR MR Mol @R Tt 1O -

el ect r ocoagiy Bé 5i@RifkAMRLEDe LAQFEBhYAS aUBniAed nidber bi'heaPPaPbe ubdd t O

transformthe input line voltage to a desired voltage and anperage within
the el ectri irpd specified eblune whiicictadacesthid AtudlRutfave a@a akailablerfoghort com ng
of the prior art which utilizes a torturous flow path is that the .
el ectrodes electrbeeagulatvaytatient. Blddatesnallyy these cpagulationbladgshol es to be
cut to allow gaskets to be bolted between the blades in order to wthstand
t he prd8sur eequiredugherippuhling yekagesis gsdernto otdeintthe desired amperageades have

E?u?lﬁNliiﬁibé&?ge“a“éan@éie%Z%”ﬁpﬂl%lﬁ&‘r%%ﬁﬁs' :’%Sse%ﬁeﬁl ”: “%S%nﬁsﬂidbp;t h can
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cost of bui kﬁsgﬁeg’rbtﬁltgg%ﬁﬁ?@g @lﬁthgpa%%/lg%ﬁ%%é%%ggwgcﬂgatcom ng of the

prior art, \ I'ncl udes many o ose ~dbove, I's that the bl ades
are not easpedquke AVNAMEIE bldle supfla apsPRithi ark ER2ROESgubiRidn devids iy T or

t hose chanbers utilizing a tortuous path, -a great nunber of bolts and
gasket 45ar edirectly redateddo lecampbaageiwhiehicgnbentaintained. Additionally,

the torturous path also causes problems due to trapped gases produced by
the electrolytic reaction in the chamber which further increases the pressure
upon the blades. Accordingly, a high powered pump must be used to
overcome the natural tendency of the waste stream to clog within the

20  chamber. This PCT publication encompasses the same subject matter as
disclosed in U.S. Patent Nos. 5,611,907 to Herbst, et al. and 5,423,962 to
Herbst, and further includes subject matter not found in these other patents.

Other examples of electrolytic treatment devices are disclosed in

U.S. Patent No. 4,293,400 to Liggett and U.S. Patent No. 4,872,959 to

25  Herbst, et al. These devices utilize electrodes in the form of metal tubes or
pipes but require great effort in repairing or replacing the tubes. This

amount of down time is unacceptable for many commercial applications.



Accordi ngly, these pieces of hardware nmust be rempved in order tﬁ r?‘mﬁc
10 4 he bl ades. Each fof} the foregoi ng di sadvant ages are over cone 2 O
apparatus and met hod of this invention. Additionally, the apparatus and i
met hod of thi-s invention achi eve other advantages di scussed nore fully .
bel ow. Disclosure of the Invention 15 In accordance with one aspect of the \\‘:‘
present invention, an apparatus for electrocoagulation of liquids is \
provided. in its sinplest form the devd ce or apparatus includes a housing
defining a reaction chanber, and a plurality of spaced reaction

pl at es/ bl ades whil¢l§. PagnoNoe 51043 ,050 @ Hertist datlggesiiat elactebdds usetdhe reacti on
chanber. An inlet is provided to allow a 20 desired flow of liquid into the
reacti on chawithin aeangulationtchampgsshewevgrateerdse fovdbe apparabissolfthis An out | et

e Rt R R
t ted in th h . Sel ected.hl . ' el i cal |eads which
T e S
hanb t t i.cal I L d
chanber speteen s, e Noc 3l PRk el RS T e o EGHIAGRJof 205,

S 5 10 1%1cfrotfe PI81RE FhiosleStoaIy R trettrthnti 418 aé.rﬁaw\é%[t,és@seﬁllgte@wperage

to optim ze the el ectrocoagul atifon of the particular |iquid. e ability to

vary vol t agerénet ai@iRiedds bairefiovet eithet &r4 Whodd of indliddedlly.he chamber can be
achieved without the use of a separate transforner. The |1 quid streamfl ow
is in an upWartheginoestthedetibe disghosetan tlea cefecencelvanhetrbd powbredgaps bet ween
the piates/blades. Accordingly, the outlet is positioned at the higher

| evel above series electrical sopnaepionayhich ipHesieablemmany gitermstancehl et i n or der
to provjde additional head far_ the fl of liquid passing.through the
appar atls. A seri@g-%ﬁt"&gh-st%f@rt W%P%&@%W?ﬁ%l%%ﬁ@“my be
placed in tipe.w.th the and al.so stream of theinﬁe in.order to
Femove sol | BVt Bt RARRA o wR L BRI Pl By Sds el elct | on
chanmber. A ' itye [ ] ' o a DC

vol tage. El g@ﬁ‘f"g‘%‘f%q{gg&{s’??ﬁhg‘?'cgﬁ%%l%te o?ﬁfé@k{}gg@gs b%tﬂﬁﬁféfyﬁ@?g?? age nade

avai | abl e bxeaafmp&fam%r df@ﬁi%-debibe?ﬂgrﬂaéxegmﬁes ARGEoliYed R ﬁlla%fiméom ng line

vol tage, the control unit may Incorp e a nunber "of other functions which

hel ps to coniquid thregghMRAd&LS, andthd dedica appedts susceptible 1ol clofgingpeed of the
punp and a voltneter and amreter to nonitor the conditions within the

chanberl5 Howwmderxcessines gambuibdupuni t does not need a transforner as the
el ectrical connections made with the bl ades_all ow the desired vol tage and
anper age t her ei n @ue shortegmuing of alkef the feregping prierarbreierenses isAbat t i onal | vy,

e o B S L B By SR BTTR AS g™ ot
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I
further exanple, tl _ an ‘neasure | ow rate o the liquid
streamznd agédtidcoafuRtion cHamblys M¥mBERES o TR0 hAVE Ble dapabilRyRYMP speed, or

transform the input line voltage to a desired voltage and amperage within

the electrical field of the electrocoagulation device.
Another shortcoming of the prior art which utilizes a torturous flow
path is that the electrodes or electrocoagulation blades require precision
25  holes to be cut to allow gaskets to be bolted between the blades in order to
withstand the pressure created by the torturous path. Additionally, the

blades have to be laser cut with extreme precision in order to maintain the



12. ,~ UN 200Z 6 adjusting the flow rate through.a valve positi
upstreamof the inlet. After the |iquid stream has béen el ectrol y'?TZIJUNZOOZ
treated, the liquid stream may be passed t hrough a devel opnment chanber

and/ or through secondary separation treatnent in order to renpveithe bul k

of the contam nants which 5 still remain in the liquid stream It is the
intent of the el ectrocoagul ation device of this invention to renove the

bul k of contaminants in secondary sepaation treatnent. Al though sone
contamnants will fall out of the liquid streamto the bottom of the

reaction chexabedesitedipatitleBevatioa framta predetehminddypeth can résult inhe reacti on
chanber and then by force of the liquid 10 stream nove the contamnants to

a downst remwngldéartqbuﬁdap af corgulatedsolide bridgmgbetwietn niwsaligndd of t he

contam nants were allowed to settle out of the liquid streamw thin the

reaction cHiadssr These mamudacturing respiramenis ereathy addothe castrf ¢l eaned and

o o hidi e R SR e R e ABErat om0 the Teact Lo chaber . o
oantrl gl - SondohEPaididofing 3t e pF REPRHERS AN st b ngle [0S

Wi thin SeCCHiQ&MﬁE&P&JﬁH R4t e Hlﬁ{l)%rzﬁrgglgtt ggﬂgﬁbv%Wf&'}Egﬂeﬁngﬁt a -

conbi nati on of these Vi ces nmay g upon t type of liquid
stream t r eadrefeantf.| PadichRirHafs thode dhasitdrd atili forelout patmmesent
invention, a method is provided for electrocoagulation by electrolytically
treating a gregfuiuinbérafeboltsbind guskéte arereaquiredl totkeep itleera iw pigpfepassi ng t he
liquid streamthrough a prefilter and punp, and then through the reaction
chamber i n Accardingly thessvpie¢asafiliapdwammustbeiretnévad incrdeoto repjicat es the !
steps of 25 passing the liquid streamthrough an outlet of the reaction
chanbel andh?hgﬁleﬁhrough a devel opnent chanber and/ or secondary separation.

--, V12 J UN i tives. can be introduced to the JLiquid streamin
order to target 2]%)?@ ‘Qﬁgﬁh’r&% ‘5‘[“?"&”%“?% B‘é‘?:rfzf’m?kl{‘yoh‘? RS The

el ectrocoagul.at.i C .. al f. tha e i bility to
transform ?‘#lgq‘é%%g ogﬁﬂﬁﬁ{é??rg&q. f‘ikg‘glfnloh%@% %%h%ﬁ?@é&tﬁﬁ?ﬁe 5 vol tage
and amper aqgid ifvefforPhcttiétd Sibr havitadis!dibustOPrmio FillPBetohiaMDer O
optim ze the el ectrocoagul ation treathent. ese transform ng

el ectrocoagul ati on chanbers therefore all ow the sanme power suppl yprovided
to the el ectrocoagul ati on chanber to be used over a w de range of the

i ncom ng | iDisclostiragfthe Boemtidnngl y, a separate transforner is not 10
required which greatly saves in the cost of inplenenting an

el ect rbroagul at iloracdexdanee withsene aspectof thetpresent ineensivos anm apparp®iter gri d

voltage or jncom ng |ine.voltage enables_the invention to be used in nan
J tlor electrogoagulatlon oI‘ hc?unds is prowdec{.] In its simplest form, &e Y

device or apparatus includes a housing defining a reaction chamber, and a
plurality of spaced reaction plates/blades which are oriented in a vertical
position within the reaction chamber. An inlet is provided to allow a

20  desired flow of liquid into the reaction chamber and into the gaps or spaces
between the blades. An outlet is provided at an elevation higher than and
downstream of the inlet for allowing the liquid to flow from the chamber
after the liquid has been treated in the chamber. Selected blades connect to
electrical leads which carry an input line voltage. An electrical field is

25  created in the chamber between the electrically connected blades. The

electrical leads may be attached to selected blades in order to provide the



Atcording to anot hef spect of the invention, the’chanber can be 15
oper at ed wader a vacuum By operation under a vacuum the gas created by
the el ectrocoagul ati on process will be renpbved fromthe chanber faster.
Furt hernore, the use of a vacuum upon the chanber will reduce the amount of :°
dissolved air within the liquid stream There are circunstances in which
entrained air inpedes the electrocoaguldtion process, depending upon the 20
type of liquid treated and the contam nants to be renoved. Additionally,

subj ecti ng tréactianghiachtstr vaintlicodesired woltap e and aatpeesgetergstimizalthgases to be

di ssol ved nore efficiently in the liquid stream before or after

coagul at i on elagiocesguiptien of the h@'ﬁﬁﬁbgﬁﬂuﬁi- The gbilityi e saiy eeltale ande | i qui d
vacuum {o- 2 STIREERE A ecdbptical Beld of the AR eGP BIBRELEHNAR! added

i oxi de. coulthe TS SLAPRR GBI, JHEIid BRI & i af B St oni & can
be used 4 n éiriﬁ'ecgf)% rt]l'zrouﬁl}' trOPactioh Qﬁaﬁggia{ﬁ"ﬁéi éa@a ib@ﬁk@é?lsﬁlet he pH of the

liquid Stre ough 'a vacuum may e apparatus can be

operated at aDBRIYRSE] Ac%ﬁﬁﬁg'rygthe onﬁ(&é}i&‘@és[iﬁﬁ iittthefhi%}éﬁrl@ﬂt/élng the

chanber under a vacuumis the nova olatil1zed gases and conpounds
whi ch woul d aBeveid Midte R ipimp dal Delpicdd Wstdamt sRRBIMRERT ofdegber anbi ent
pressure conditions. According to another aspect of the invention, a vacuum
may be appl ipedvide atdaicayaphead fisr thé floli of liquidpassinglthromghaheum hood which is
r placed over the reaction chanber or, alternatively the entire reaction
chanber nay appagatusc el sarieh phpecidtess eriothen prgcoaditioning mesus maydxsel which )
10 communi cates with a spurce of vacuum |If a pressure.vessel is used, not

- only in &lwéuuﬁmewgﬁ ‘?EBFPPtﬂE‘?i Altp-upsiEsasept figyinist iREFerita o

D! hat one. Rk snihep b ST PEiA e el e ind S e SR HRL! o2F v o
whi I g .- ar di pof. th 15

xternal pr Sbelpdt ARl NE BERABLER inGSRRtE ALC vOfadhtih BC 20

through the fig4be e ElddriéAlQE4 infie cpmélklggwqéetﬂ&mvoua aAfAEr age and

voltage within the chanber can be adjusted pl aci ng a noh-conductive

bl ade or shiahilabletbyetie cehgsl anitalh ¥dditbonas reclifpinpdde indstaihgdline

non- conductive bl ade or 20 shield can be nmade of plastic or PVC and can be
removedr asiagettbe chatrohumib exay mcotperatermenurabereof atbert functionsiuct i ve

bl ades. The voltage and anperage within the electrical field may _al so be
modi fi ed by véeirhdelnsdoronatrel theanpamtus sych as agneansitp canirg! therspseded bl ade
oot act dshle b A Vortiefat B Bietof 8 Ghbnits he L STlitokY vt "9 "

the chamber. However, the control unit does not need a transformer as the

countries which havergi ffering standard power grid or |ine vol tagqsz JUNZ&UZ

P
A

o

electrical connections made with the blades allow the desired voltage and

20  amperage therein to be adjusted, as further discussed below. Additionally,
the control unit can be in the form of a programmable logic controiler
which could not only monitor status condition inputs, but also produce
outputs to control the electrocoagulation process. For example, the voltage
polarity of the electrical leads extending from the control unit can be

25  reversed based upon a timing sequence controlled by the controller. Asa
further example, the control unit can measure the flow rate of the liquid

stream and adjust it accordingly by either manipulating the pump speed, or



25 connected blade in the liquid stream Thus, the_anount of bl ade,surfa
area exposed is directiylrelated to the anperage that wl | transfeﬂ ijrﬂUﬁZUUZ
el ectrical field and through the liquid stream ™ 12 J U N 2002. In

anot her .aspect- of the invention, turbulence of the |iquid-streammy be

i ncreased by providing a hydrocycl one or di aphragmtype punp upstream of
the reaction chanber. Turbul ence increases the efficiency of the

el ectrolytic process. Turbulence may abso be increased by injecting air 5
into the liquid streamupstreamof the inlet of the reaction chanber.

Accor di ng t gfiasting filfe M6Rr8lelRELUPHRLVAITE Positioned UP¥irésn Aff thdirled. nventi on may
be conflgurec} for-use in the home. Alternatively, the-size of f the first
enbodi nent r e liqeideasan hids beepradedteylyticalyetreated, the digid stigadi nent to
handl e nore Fhdustrial -type uses which require greater 10 anounts of
treated |i quiag.belpassed througlpa deeelopheatrbhathberrand/ohthrayglaseroudary of this
invention may be_ nodified in a nuch smaller, scale for portable yse. In a

fourth prefSpeEriamiserimeshin ordes to pmeva the ik ofithe contaminants wlycibe
i t Mthin. which i [ L
opr cooir 1 Hlf i (B BERKT Sireaan clf if S Bttt b eleBoBrE3RANET  okces 15
| ace. The ghi. ' i f her. di in that ,
Pl ow occur sORvirs o s ityEBon 2o adpe M BUIE BhlhinBIRAE MG g | ™ ™
treated andedieRid sttt OAIGRNEH Wi LontdibinafRWilPfal A dirERedl ment s of

n, the e ation cha

this inventi ectrocoagu nmbers do not utilize a torturous
flow path. [iagidaPreahd 1 thaboBBnPbf thelreadtibPetianibeitia Hbsipdblé Retrbhwui d stream
allows thinner blades to be used because the pressure within the chanber is
less. The uthe lifuid Withigthdteadtion ehhmber and teartsefoece ofitediquidl bl ades to be
used within a chanber. By increasing the nunber of blades within the
chanbel) t hetream,fmove thececomsaminamthicealdewnsireanm seeandary sepanation qui d- st r eam
is increased 25 which enhances the electrolytic treatnment of the liquid

stream | n Besfmenippny, If the bk of the contamundnts werg allowed o satde®uhi t hin t he

chamber occur .on.the surfaces. of the bl ades; therefore, j.ncreasing the
or of oy ediquid speim ithinThe et tign ARaRber JBER o AEHON COFBLE hat
reater elegt i.C, tre t . e there i s no

? orturous f%Sde]i%‘tﬁ toglges(glég@vé%ilt %'h@é;esglcglri%g e@q%%nflﬁ'e%%%@qarrgl ytic process
will N0l Cr &alaarfid wbitficht SA B8 aERiVEd iltS HuBoflbPaOVibed Plackd ades and the

chanber, and'increase the pressure require 0 5 punp a constant liquid

st r eam § hr og@Rnétacant bR fREreactioR chafibe Foodkapdilb, secondary separation

can be accomplished with clarifiers, filters, centrifugal separators, or

centrifuges. Each of these devices can be used within secondary separation

as referred to herein, and any one or a combination of these devices may be

used depending upon the type of liquid stream treated.
20 In accordance with another aspect of the present invention, a method

is provided for electrocoagulation by electrolytically treating a liquid

stream. The method may include the steps of passing the liquid stream

through a prefilter and pump, and then through the reaction chamber in an

upward flow direction. The method further contemplates the steps of y
25  passing the liquid stream through an outlet of the reaction chamber and

then through a development chamber and/or secondary separation.



( S
bet ween the bl ades ffen1the bottomto the top of ~the chanber alla trf N\ \
gases created by the\eiectrolytic process to rise ‘as bubbles, as 25 J N 2002
result-of their natural buoyancy, which may then freely escape into the Nk
at nosphefe or be drawn off by a source of vacuum Also, the bubbles move in
the 10 direction of liquid flow which further prevents cloggi ng and reduces
the - amount of pressure needed to nove the |iquid through the device.
Because the total surface area of the biades within the chanber is
i ncreased, the electrocoagulation unit can be operated at a m ni num power
consunpt i on.Additiyesicambe indrashiced o shapliquidmtrepnent omlet to targetithedent on t he
15 anperage in the electrical field which is in contact wwth the liquid
stream |f talectiasopgylatips ofaispecificeepnigminant he el ectrical field at a
t hreshol d | evel eater than 2 volts, .the.el ectrolytic,reactjon will take

aff GG ihestb

pl ace wherein netHi€ FgeTog W@@%sg} ofimaents Bayythe: r eam
causi ng the hlad to _be cans r tibe. s Voltage,within the,electrical
field is us &ﬁﬁv%%ﬂ?sgo%ﬁ@%bg%n&ﬁﬁe f?cﬁﬁ%lgfo%ggrgpﬁtvgktﬁ%%poag’gve t he
2-volt level . : khad LIBbR chig ers of
each of 5?he vg%%ggla}r}gtr%ﬁisp ?ggﬁﬁg%@%ﬁ%lgiv@h ?/ﬁ? ﬁéér?gbﬁt al nbfg ﬁngPn ni mum
2-vol t thr editintizuithe eledtrsodpaldticl fedtthenfe TREREragoRfpssary for

effective treatnment. In other words, the apparatus of thi's invention can be
oper at ed at dlestscoughiatigr chambeisathetdforepaliow the samé potver sapplys- in reduced
power consunption. There is a direct relationship between the voltage which
can be mai ntprovidddita théreleetrecoagudatiorf ¢hangbdrdo be used @venapadegangeasfed on t he

avai |l abl e surface area, . ~~ S ~"~~12 J UN 2002 11 An Jincreased
surface ar edhamcoming linsevaltages Aeserdinglys a spparate tranaferaerdis nat | oner
vol t ag

e, For exanple,.if 1.a were required to effect treatnent of the
i qui d Hhd, fF‘ﬂzl(lngEW%é%sﬁca%gg‘é@énéP@&gg@ﬁ eWERHBE 3Bf this i nvention
allow the 1 to. b i i ne velts  thensthe.,power used is only 2
o et e 7 S0BrdcdnBfialiBh edlcA ARk, de Bl oo R FIAE IR S BED 1) "

tenfold, ,r i V.ol jatal hen t he
pover consurtegt o iRt olitbgbles e FREAkEHTo bEdishd Mfhant "7
surface ar egoanftidsabhRhiHave ieffeeyg eRindhrd Power srid ot 1i6 violtagatch greater than
many prior art blades. Typically, prior art blades require precision

manuf act uri ng 10 Accbrdingatoaotier aspectofthe iveation, thelchanfbee civebaor e, t hese
prior art blades had to be kept at a mninmumsize in order to w thstand
pressurE wi tdpemated anderse vaaguneh Bybeperaiye nnder angaauiing, the gas creataddhy on

cannot be so| ved sinply by making the blades thicker as this would in turn
decr oase avdhe SlscEoppaghiaten pERcESs Al baireRoNce Rom theehasmberiasiebr . ki ng

th [ | ad S | i.d it i i t hi ck | d

equi re | eod REERORE the ued bPF altudeon. e chatheL R Ser et BrOWE ras ve
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capabl e of tdealidbaifpedesite ewcu%goag[ﬂuij(;g pg&gsélgﬁzégggdip# dpitthe

limtation, water, oil and antifreeze. a According to

furt her2@spagpe of lighil @ested ahd thy exitatiinarits € Be rémoved/i Aﬂdiﬁiﬂxall?f,

el ectrocoagulation treatnent device for treatnent of a flow of [i1quid
conpri si ng. smbfextingrthe ligid stdeani 82 yacuunh atloranablesdrensficfabgesesdefeni ng a -
reacti on chanber, said housing having an upper end and a |ower end; 5 an
inlet (28, glissales) mosernffidiently ingtheiliquid strdamdeforeprafies godgulatien. end t o
allow the flowof liquid into said housing; ,as outlet (37, 98, Iél4)
cormmuni cat i iPnaxample. 1 thearmprat ek oxygen dissolved in the liquid stream needs

to be increased, the liquid stream can be passed through a vacuum to

25  remove the dissolved air, then oxygen or ozone can be added back to the
liquid stream through a venturi. As another example, carbon dioxide could

be added to lower the pH of the liquid stream or ammonia can be used in



said tipper end to allowthe flow of liquid oat of —said housing, a
pluralify of reaction plates (26, 90, 134) di sposed In said 10 ﬁo@s‘pgﬁ\jazmz
extendi ng substantially vertically therein, said plurality of react

Pl ates being-.spaced apart from one another creating gaps-between adjacent
reaction plates, said flow of liquid being in a flow direction upward

t hrough said gaps between said plurality of reaction plates, said reaction
pl at es having non-insul ated surfaces f@r direct contact with said 1 S flow
of liquid and to be consuned over tine due el ectrocoagul ation; at |east two
reacti on pltht samelveay ®rinc@se tiRg)Hiafithe lighidstrdans eAdthbegh anmasuwih sai d
plurality of reactjon-plates;-and 20 a control unit {54, 94, 150)

el ect ri cal Imay bavsidized, the apparatus candheseperaisdras abmosphepicressusds,  sai d

I [ i di | i I i d [ d
SR TR N A RO R SN N
hanber . ~ 2 J.UN22002 11b A di t t. t t of. th
charber . senndh ot DR 5o b Y OB o SRR i e
treat meat qg‘ig& fighfd sttdatthAE hifheCamibidht {%ﬁ‘%’&?}bﬁgf%’%q“' d with said

devi ce,” sai evi'‘ce conprising:~a treatne ining a reaction

chanber (102); axalasiily tndinor 38p4iQT il fiverion [OdActusth fRASRE 1 said

treatment 5 housi ng and extendi ng substantially vertic y ‘therein; said

plurality cfppliedas tienapparitas off ¢iis invdmionchyap eadmini A6baRehish & her creating
gaps between adjacent reaction plates, said reaction plates having

non- i nsul atpacesloverdhs réastionichember ontadternativiehy, the entiteaeactior i qui d and to
be consuned over tinme due to el ectrocoagul ation; 10 at |east two reaction |
pl at e tabs ghandey majt bgplaccdmithin alsealed Costaiseroir pesstrevessel whyclof reacti oh
plates, said reacti ond;gijéﬁt e tabs extendi above a liqujd line to prevent
sai d rHhct | OFUPHBIcates pisgreed; agup dUessyre Kessel i§isads 8ot op- cover
(116) renovahly _caonnected to sai,d, treatment, 15 hqusi ng,. said top cover
i ncl udi ng rﬂ?g}‘éa? 3rva§3‘éﬁnlq??gap§)z1eﬁl’ PB{)%&@%P’ Pﬁyﬁ%e:‘fﬁé’gﬂn fo said treatnent
housing to I age, : | [ | id top cover
a1 owi g+ HECRiERkq sERE Apredn R reqctih it iR pB9dlbhdeBsls,
treat ment; @nchatORYE whARNtRE appdratusi PHdedGalink Wit A eifibipap wagdd at | east
20 two reaction plate tabs in order to create an electrical field for
el ect r ocoagydupdd @hidh iealreedy undérprassme.d Acesrdingly, 66 pahsy or other
15  external pressure means would be required to move the liquid stream -
through the device.
In another aspect of the invention, the amperage and voltage within
the chamber can be adjusted by placing a non-conductive blade or shield
between electrically connected blades. Such a non-conductive blade or
20  shield can be made of plastic or PVC and can be removed or added to the
chamber in the same manner as the conductive blades. The voltage and
amperage within the electrical field may also be modified by adjusting the
surface area of an electrically connected blade in contact with the liquid
stream. This is achieved simply by raising or lowering an electrically
25  connected blade in the liquid stream. Thus, the amount of blade surface
area exposed is directly related to the amperage that will transfer in the

electrical field and through the liquid stream.



i hvention, there is ‘prbvided a method of treatnent! of a liquid

impurities by el ectrocoagul ation conprising the steps o f providing a
reacti on chanbér; arranging a plurality of reaction plates within said
reaction . 5 chanber, the plates being vertically disposed therein and
spaced apart froms. one another creating gaps between adjacent reaction
pl ates; applying a constant line voltage to selected ones of the plurality
of reaction plates to create an electrical field within the reaction
chanber, |0 pasdn@agother agpgcy of thesiaventon, tyetulgncernfdhe hiquikstresaet i on
chanber in the gaps betwyeen the, reaction plates;_conducting

el ect r ocoagifat ]P‘?)H‘CS?"SF%YI Rfﬁﬁldﬂ“%ﬂﬁ’é@mqy&kMéhﬁP@ag@aﬁﬂedﬂmﬂ’ ates to

gi ve up ions ereb he reaction,pl ate re -. consumed er ti and whi ch
Sause | mpur upFeAT o she FeoBE chiely Ahiftnferte inbRISETRE gfliGiency OF
el ectrocoag i . L p | ﬂﬁgpﬁ . 2 . and
adj usting t'#éé%}g??gé@cﬁgc%sﬁbﬁ 58‘%@%‘% %e?agld]ﬁ:légr eac‘.[slrcglr?l)x’plpﬁ ég@%r changi ng
el echi cal coNRaRE 1Dl HPéHE aBseelR of e M1&Softhe FORtOAZRAIMRY.P! at es and the
constant line voltage. The foregoi ng di scussed advantages along with others
wi |l becone apparkdrdingrva firsvprferséd embodizaert] thiel deviodoOthid ol | ows i n
conjunction with the correspondi ng Fi gures. ~ 2 J~U-N 2002 i 2 Brief
Descri pt i onimfentioa ey be cgafifumpdrfer is¢ m thedmmpeAltenmtiviebyy thé siza of
el ectrocoagul ati on device-of this , invention, swith a portion of the side
wal | br oken thefigst eathoshimtientmay be intressedichgreataniscale is amegond 2 is a
fragnentary perspective view, siml|ar . to Figure 1, but further illustrating
the inside @mmd@npéh@thm?%mmusm-tm s hich Teqipire gESAIT. Figure 3 i s
a top plan view of Fjgqure.l1 wth all. of the reaction plates renoved except
for ondl alaB‘,O“!“g? OE#E#Fg}‘qu" pﬁ‘s%b““gﬁrqg?ﬁ?ﬁ%m Oflgnea{ﬁbﬁllgappa;% am of the
appar at us oyl Sod R HAY be rhddiRh iR b REcH B Bie: RIRRE PofaBRRE N0 to 2
generi c enbodinent;

In a fourth preferred embodiment, the apparatus of this invention may be

(’ -

. . \
~ 2 J UN 2002 11c Acesording to still another aspect of the pre . \
] R "o cht /UM 002!

incorporated within a pressure vessel which is able to pressurize or
depressurize the environment in which the electrolytic treatment takes

15  place. The third embodiment differs from the other embodiments in that no
flow occurs through the device. Rather, a static amount of liquid is treated
and then removed for consumption.

For each of the embodiments of this invention, the

electrocoagulation chambers do not utilize a terturous flow path. The

20  elimination of a torturous flow path of the liquid stream allows thinner
blades to be used because the pressure within the chamber is less. The use
of thinner blades allows an increased number of blades to be used within a
chamber. By increasing the number of blades within the chamber, the
surface area of the blades in contact with the liquid stream is increased

25  which enhances the electrolytic treatment of the liquid stream. In other
words, the chemical reactions which take place within the chamber occur

on the surfaces of the blades; therefore, increasing the number of blades



Figure 5 is a greatly reduced scal e perspective view of a second [
of the invention which may be used for high volune 1! S producti ofﬁwmoz

industrial settings; Figure 6 is an expl oded perspective view of a third
enbodi ment of the invention in the formof a portable or travel unit;
Figure 7 is a perspective view of reaction plates or blades which may be
renoved and replaced as a single unit; 20 Figure 8 is a greatly enl arged
fragmentary plan view of a pair of redftion plates which are secured within
correspondi ng spacers within the reaction chanber; Figure 9 is a

f ragnment ar ywithlis® settvolemy ieavures that igpedtehelestholticardat@bnt fakes plaeal i on whi ch
utilizes a sealed enclosure or pressure vessel to 25 maintain a desired
pressur e orAlsa¢because there 11 he toraaous flovwcpathpeases Flgoh ard pradeced im agnent ary .
perspective view of a generic_reaction chanber and one exanpl e of how

sel ect ed r ethetelentralytie pepcasswiknot create air pocks whick gonldighenyisect ed to an

wh thin he dstait (e blpdes ap dhe fhamBed GRAURGR At BRRSFSSUEFIRGATe 15 | 0.

th f t ti ' f [ ti h ith
eacts on pi SR aanshok AR e LEShe R Rt AieStpRCagy . | o
reaction . nart ! f . _
arper age. i (el HE biilled Rof @R bol@aPLPieborthe LRARR: MMRE T,
Desar | pt | ong s bRAIP NG AB:TIIgHE Prdodst taifiks M BabEes Alsaricsaegou! ation

device 10 according to the first enbodi ment of «the invention. This

particul ar gehagine@hbubdyancy, whichanap skt fibélyeesbipd firto thepgntdspHerd ce whi ch
may be used for treatnment of water 1 n the hone. The device 188 i ncludes a
reaction chomntredratéh offfbyreesburge of dacusmh. Al$ol thebublslee newdel iacthé on base |16 i %
connected to the chamber housing 12 by upper flange 18 of reaction chanber
12 and1®y adisentiansefdiqid flovawhich fusthsr preventreclogging andaeduees theé. Di sposed

above the 15 reactjon chanber 12 is a_.caoll ection chanher. or devel opnment
chanber 22.amount of pressure needed to move the liquei\g through the device. P

Because the total surface area of the blades within the chamber is

increased, the electrocoagulation unit can be operated at a minimum power
consumption. In general, electrocoagulation treatment is dependent on the

15  amperage in the electrical field which is in contact with the liquid stream.
If the voltage is maintained within the electrical field at a threshold level
greater than 2 volts, the electrolytic reaction will take place wherein metal
ions from the blades are added to the liquid stream causing the blades to be
consumed over time. Voltage within the electrical field is usually only a

20  concern if it cannot be maintained above the 2-volt level. The total surface
area of the blades within the chambers of each of the embodiments is
increased sufficiently to maintain the minimum 2-volt threshold while also
maintaining the amperage necessary for effective treatment. In other
words, the apparatus of this invention can be operated at lower voltages

25  than the prior art which results in reduced power consumption. There is a
direct relationship between the voltage which can be maintained in the

electrical field for a given amperage based on the available surface area.



As shown, the coll eetion chanber 22 is w der aneé~deeper than t r [
chanber 12, but is‘shorter in hei ght. The coll ection chanber ZE? s-ﬂaﬁ m@g
by a plurality of side walls 24 and a bottomwall 36, as shown in Figure 3,
whi ch attaches directly to side walls 14. A plurality of reaction plates or
20 bl ades 26 are disposed within the reaction chanber 12. As shown, the
reaction plates 26 extend vertically wthin the reaction chanber and are
pl aced side-by-side so that there are 'small gaps between opposing faces of
each of the plates. Sel ected reaction p|lates 26. may have integral plate
tabs 27 whiAgningseasedisufasearenallevga sperificdampeyagn do bl meigtained ashows each

of 25 the reactio | ates 26 as hayi ng a correspondi late tab, it wll
be under st BIAWERYRlAgS: JFar axampley 1f 440K P repuitedio s et eatmpRype
correspondiNg: «.:3 .k : 021 14 b 7, - furt her

di scussed Hbqqlé%%laﬂﬂai l#l%lé?] l#ﬁ%&‘%@”ﬁﬁ%&%"%@ﬁ?‘%ﬁi 03 téfsrlggﬁw%" enter the
devi ce 10 < i . .Sy provi ded at
t he upper ggﬁi%ﬁqﬁ Eﬁ%%ﬁ@mﬂﬁ%@%mﬂmﬁaﬁ?@%ﬁ l%ﬁreﬂyts)%tlet t ube
32 is gecugpgs! wepﬁbeanwmmﬁ%a%mﬂsﬁrﬁ@ém&ynyfe&{tbm? wal | 36.
Accordingly, the flow of liquid through the device is upward through the
gaps bet wegsiquiifes aplodage oZ 20 valsrto msintiin die ¢agp, IHewthespaigenmal | s 14 and
into the collection chanber 22. The liquid streamthen exits through outl et
tube 32. Asonsmmmicacwouldjincreape tx 20 wattsk eAs disaussediaboveythesunfacessary to
renove sone solids or, sludge which precipitate«ut of the 10 Iiquid stream
and whi ch area availablgin thaydexice péthis gaventionris sy greaterthan mangact i on
chanber. Accordi g&{ , g,ase 6 incl Udei)i drain 38 t.o renove these materials
as wel | asPpgrft a > pgopadibladesdeante Pgeqisrogmanufagtupng, n or

servi t he cti-on chanber.. The | qui treamenptering the device through
o ot 1By e TGS, EOXEhsivd AF Akl S sdisrRR thet itk 4 fiat¥ )12, o' o6
by a pl ural,i Qé{e(ﬂi &%Hy\%@ LSPRERSN . i,on of the
tube 28 w b%@%o?%le( _eagplgglrll cha e?l.l %@hé’p\/\n I'n (g#)%rg%}e&g‘tgﬁ{%‘%ti onal top
cover 42 nmpdach8n Rhaibee dOverddifiug this $iZeStihi@E68 Tanhét B oIV ERSInSly Chanber.
Dependi ng upon the anperage withrn the reaction chanber, the top cover acts
as a saf et py@gakiigg thtOblhdesothéokentas shiswonddfin min dedesetavailhhlerbikderg cont act
with the reaction plates or the liquid stream Additionally, a foam cover
40 in the Ssafmecireawithan thy waction chamberf. obfaking therpmorgrpblades at e mat er i al

may f rst be placed over the reactiqon plates with gpepings to allowthe
pl at e 18abs 1arger ¢r Widst without mareasns tyskness would reqiss P%g PRESSUEA Wo have a
cont i nuous ,openi

react ido 3 t&t?sf%f?%} g@@%ﬁ%ﬁ@mﬁ%}iﬁliﬁﬁ%ﬁé&ﬂéﬁ?&@%&f?&ﬁ?ﬁ&%ﬁt |h§ al so
bperat  on. HoW Giilelidg. RAFAHERE e izBSrsfioh pREL MR @B 20, (o

set of UPPRELSRAGRISmMm. aNd a set of |ower spacers 48 are provided as

gui des for t%e proper positioning of the reaction plates 26. Figure 3

i 'lustrates allThé appsrallsasabisihetRtor’ b hipable sRARAMbE MAaFRYpdsasf one plate
in order to better viewthe interior of the 5 reaction chanber. As seen in
Fi gur @08, tinarisits include)dvidifoutianaation, ywaatbntdikeshdantilesesshi ch al | ow the ends
49 of the reaction plates to be secured therein. The spacers are nade of a
non- conductive material. The slotted x, guides ensure that sonme gap Gis
mai nt ai ned between the plates. As shown in Figure 8, the plates are
substantially parallel to one another. 10 In the present invention, the
liquid pressure which is experienced by _



the reaction plates 26 is mninmal in conparison to nost prior art devices.
Since the device may be vented to the atnosphere, gases which are1§LQgU$f?002
in the electrolytic process do not add pressure to the liquid pressur
produced by the liquid stream Such gases form as bubbles and 15 rise

within the liquid by buoyancy. The bubbles create foam which can be easily
renoved. Therefore, the strength of the blades is not a significant
consideration and nore pure netals may be used in the blades which nay not
have high strength characteristics in conparison to alloys. Additionally,
since the reaction plates operate inga |l ower pressure 20 environnment, their
Life is extended since the plates will not prematurely break apart due to
excessive pressure. As discussed above, since the blades may al so be nade
thinner, a greater nunber of plates may be used within a given vol une.

Accor di . th unpber of qga etween the blades is increased which in

turn i ch‘f%é’ég'gg F%gu'gg%'oé‘ﬁP%&aBEJRSf pfﬁ?@"ii'ﬁﬁ?@ﬁ'%wﬁ!ﬁ’f?t@ povidedtam| ytic

t r eat meglectrddvagutitiont@atMBRYBE (dransitient BE &t iqui ing. P!y be
lifted upwardagnd out of the reaction chanber aﬁ?’glng %%%?r‘@@%‘nghd 48. The

,~ ~ ~., ~ 2 J.UN 20024/ ( - ' ' .Sl b
whi ch the plates may Eé‘omgyz{tle@p@g&ﬁﬁ%ﬂéﬁ%u&g%%%g?fi o%al
har dwer e whiLRigh BRAMbEE sm&dmgﬁavﬁg Acappedd ald'8 16t 654;m0r €

difficult. In order to better facilitate the di-sl odgement of, air bubbles
which age 5 created MmamseLezxyawﬂmwﬁemmhbaﬁiﬁyan chanber

may be fitted with a device which emts a soni¢ or radio frequency. This
devi ce ( notsaid hower)emdbtal allawy it floweobliqudiath saidthousaigie wal | s 14 and

communi cating with the interior:of the reaction, chamber, ~'~ As shown in
Figure 4, a generic atparlet(37o98: MY commupnieHingswithsaidhheusingati n bl ock

diagram format .to illustrate nmajor caowmpanents,. and also to. better

i |1 ust rat e SMEUAREISHY %ﬁ@%‘%@%?@ﬁ"@%‘f@ﬁﬁ QML quid 51 may be
punped by punp 53 into i U5 ka %h@ r - Liqui be added
directly to the reactz‘l%lﬁl‘?@ﬁ%goer %tgo%ﬁfag Iy aéjd_?buzgléfgﬁk"é%ﬁu%e&gé is the
case Wg h Mynskiglald datfling 5aBstpiaRpveiddlguihdrdid, S8y ph@fitPsf passed 15
through a prefilter 52 to renove solids. Thé liquid streameénters the
reacti on chaadifn flateabeingnsfercgd apad| featiramieytnather emtting igapd\betwterol unit 54

provides a rectified |-ine voltage to the reaction plates bé{ el ectrical
| eads 56. Bdiacent eaptippplres; saisk awrrfiliquid beingip pillove dirgpldor 7. The | quid

t its the tlet 32 be . ..th . I t chanb
0. 20 A FEREt ARG e o Sl Oy oI BRSPREA por i1 on of
the liquid . fi F st
engod: (r:]rglnt r%#&@lﬁgﬂétggé h&‘?i%lg}ﬁ]é‘t{?g%ﬁg&r{gﬁ%&cﬁg%ﬂg@?%&%ﬁ ?ﬁﬂlﬁ%&f orm of the
col | eqisi on flRAGPRGuidZndito Wt cidsanfedf GRintine due edeittidteagalatiog; gases to be

renoved. In other enbodi ments, the devel opnent chanber 60 provides 25
addi ti onal opport uni aylchstrtwtdeeactiquiplate talea(@d, O2h&36) mre¢mmll wiithh addi ti ves

or other chgi i L4 a 0. | mat .. Secondary
Separat | on eareed O fes L 4 A etk Y o e R S
20 a control unit (54, 94, 150) electrically connected fo said at
least two reaction plate tabs, said control unit providing a line voltage to
said tabs in order to create an electrical field for clectmcoz_lgu-latiori-

treatment within said reaction chamber.



rr~2J UN 2002 17 chanber 60 in order to separate and filterggﬁt
contam nants or coagul ated materials prior to use of the treat IJUN(QOUZ

stream Figure 5 illustrates a second preferred enbodi nent of the apparatus
of the invention. This enbodi ment operates under the same principles as S
the first enbodinment, but sinply illustrates an alternative arrangenent

which is nore suited for situations in which high volunes of treated
liquids are required in industrial settings. As shown, the

el ectrocoagul ati on-device 70 of this enbodi nent includes a raw or untreated
liquid tank 72 which receives a supply of liquid through inlet 73. A
reaction tank 74 and a 10 treated Iﬂ&éid tank 76 are arranged si de-by-side
with the untreated liquid __ tank 72. A punp 80 forces the untreated liquid
t hrough punp lines 82 .into the reaction tank 74. A foam cover 84 and a
safety top cover 86 are positioned over the reaction tank 74 as shown. A
safety switch 88 may be incorporated within the upper lip 89 of the

react i oCoEding 1a yat anateer aspestr of e presest inventior, thgrecviiovided: épved.

The saf et W L C .be i t.r ] rolimt i which is
wired POrPRE EsEitoHeadii¥ S r Mkl HEHES Hor GRANGE & a st aRBURERE o L

t he reaiqmdqmtﬁ 88id devide)'saithdgviae eeRfprisiigact i on plates 90 are placed within
the reaction tank 74 and, like the first enbodiment, extend vertically
through the reaction t afreatmgnbheushig deftninganeaction eipamber @P2)it rel ati on.
There are an increased nynber of. plates in this enbodipent in conRari son to
the first enmbodi nent. BP&%QFW"PHPQ@% poged fn said frealmgnty; gher

ndustr @ sdoUPgARGAIER R pl S ot (R reRoe PLBPEbEE o 110
o age T il oSl o e bl SRR
to secure th& ba[chtZ;se_%Zion e’lf?%’ f’)ﬁﬁsr%%%"l@g%% @Bgﬁl:g[ y n\(l)—v""sp[eagi%({ %%rza plate tabs

or extensions 92 extend above the foam cover 84. Electrical |eads 96 extend
f xom t he confaraliragticon@gt with satd Hew afdiquhd and so b sanpimed ovabimer

extensions 92. As with the first enbodi nent, selected ones of the reaction

plates 90 mafUHl pEGHPERABWAMMGt he reaction 5 plate extensions 92 in order

t t he desired -vol i by h | ectrjcal, field of
he T oakdi on tank. A wiPagear gl paE e (10 nletfa Gt SEleFBidn 1 0 it
th ti 4 : j t [
02"t o pass RAp Rt plueAy T ERKEL Pl cs YR kI o AC R e ReBA R PO Ot

of the chanbghowVeliqhidifPid praednt28id Ha8LHEP 1&9%\&%%@&&% ihmepegr all of
the el ectrical connections for safety purposes. - The electrical |eads 96

may connect fgothelRpui€spective reaction plate extensions by any well-known
means such as alligator clips or connecting termnals that are used on
industrial batteries. Thep opean (dt€prchaivabbncdectedamsailgeattidenand t he
spillway 98 allows the foamto be vacuuned off or 15 otherw se renoved as
desi rediIS Thehousarg,sdid topuiayenosluding maags fpr stahingtseid topatordr Witui d t ank 76
may be stored or renmoved as needed In a third preferred enbodi nent of the

i nvention, areppeatdnsaiddreatmenthbonsingta prevaeileakageno i s provi ded as shown in

Fi gure 6. This portabl e devi 100 may.be used in . those cirgcunstances in
vvhigch there is P a spout (?SO) commu%ncatmg with said top cover alfowmg '

the liquid within said reaction chamber to be removed after treatment; and

a power source (112) electrically connected to said at least
20  two reaction plate tabs in order to create an electrical field for

electrocoagulation treatment within said reaction chamber.



20 no potable water available and a small anmount of water is n e
drinking, cooking or other simlar purposes. This enbodi nent d?ﬁ?éﬂJhFQQQZ
t he previous enbodinents in that there is no liquid flaw through the
device, rather, treatnment of a static and predeterm ned anount of liquid is
achi eved. The device 100 includes a reaction chanber 102 which houses a
plurality 2 S of reaction plates 104 which extend vertically through the
reaction chanber and are spaced apart from one another. Selected reaction
pl ates 104 may include tabs 106. Spdders/dividers 107 axe provided to

mai ntai n the ~ 2 J UN 2002 19 reaction plates in their spaced apart
relation. Termnals 108 are attached to the tabs 106 for easy el ectrical

connectAdyording A6 sl aR6HRE aspedsefitbie plosérit intasttiond thede i$ pravided hon chanber .
The accessory housin i nclude a voltage source,: such as a battery

g, 110 may ( | .
112. Eneethedfitraatingst ofia liquidgandaining impurities hyreleetyocopgulation: he terni nal s
108 of 0, he-accessory housing 110 may al so be used to store
additi5%&&"%%3@?%%§§chggfes or leads 114 which could be used to
i nt er connectpraviding & ecavtionwhamber; t he devi cel00, such as froma vehicle
battery. A top cov~i,116 having a sealing neans 1 | 8 around the -l ower edge

Lreat §L,di The. i qui o AR i PREAES otRectth Pale iR oo SR ef 122 s
i | k) _ 1220
Ty i fpl y CRRuEbE T Bl A eing vilRally ARSATR P pnd Sk el Mard oy

may sinp ace ok the top cover 6. The top
cover 116 gAY ah6theperatifig Faph Buiviich ddfacnt ddactientplates; seal i ng neans 118 may
be in the formof a Tupperware type seal to 15 prevent |eakage of I|iquid.
I n operation of the ppplyiig & cohstant inoegitdgr toselettod oreslofithet he top cover
is renoved, the liquid is sinply added to the reaction chanber 102 and the
vol t age i spluralitycofoeactian platesrtoaredtonn plentaeal ffiedd iwithuntthe rgactioh, or anot her
power source interconnected by cables 114. The electrolytic 20 process is
al | owed t ockaraber; over a predeterm ned period of time based upon the type of

liquid.being treated and the targeted cgntam pant 0 be renmoved. The
treat gg liquidis thBﬁ“g&ﬁ;éS&B@%ﬁ%gﬁW@Xﬁﬁ{ﬁ“& e rgqctial ¢ont enpl at ed
that this rtj cul i rent uld,. ble of treating at |least 9 oz
of wat er pgﬁ“Bé‘Hﬂah?ﬁﬁgggﬁﬁgﬁFﬁﬁgF&%Pgﬁéﬁgggy contains six 25 reaction

pl ates or bl ades whi dﬁ"§Qﬁ@§E“% f4 s 624 m cron
filter which is alsoagg%%va | e Orb@g@%ﬁ?ﬁéﬁ#ﬁﬁlgﬁ%%?ﬁ%ﬁrg?mﬁmé

el ect r ocoaghél @hétivh platds tBsvelip e6is wheitby thetudtiontptite bggn an outdoor  ~ 2
J U N 2002 20 streamto produce a pathogen free water. In one |aboratory

t est, t ot atomamddsvar ime and whielndausetimpncities s cosguda@il reduced to
acceptable .IEVels (less than 10 nost probabl e nunber (npn)) wherein such
pat ho§&ns ori gi nal | yvemting gasgs ¢reated by elpgtrocoagulatios® thertoproddhecti vely. In
addition 5 to.the paLhogeEs di scussed above, it is well-known in the art
that el ect¥e3etiapghampenbyRHoyancy; a8don i s al so effective in the removal of
netal ions, suspende ci des, . and col | oi dal

d,solid i Ci her bj ,
particles. As shown ?‘?‘ﬁ%‘%ﬁg &}ﬁ%?@h %ﬁﬁqeﬁé%k%%g?nrtpe{%ac Qfove and
I t i j } ts, ith
i vt qual Pl A RRE S8R PLdimcRoR N ORI iR SIRURAEN S, &1 A

can be ren&\ﬁggﬂng(m§m$@t&h§mﬁpﬁn@fmm§&es is be renoved, a plurality of
non- conductive rods 126 can be used to interconnect the reaction plates.

Th _conduct.i ve rods 126 coul d be sized to fit within th i fi
react | SHECKISARIRG [EciSSHaLalages Ind U, QRSP Wl GORumE aiaFIL < ne

pl at esrahd N Nrdvidw " BRCHHeL Hekseriphiad ¥hichP Wolldhs Oirl Ocdifi@Rctidie wiliRCitieon pl at es

separated fromone another the desired gap G For ill'ustration purposes,
t he gapom@Espariie Figugses.espective reaction plates 26 has been increased in
order to better illustrate how the reaction plates can be secured to one

anot her through the rods 126. Use of non-conductive.rods 126 woul d
elimnate the need for use of 20 spacers 47/48. As al so shown in Figure 7,
the orientation of the reaction plates can be configured such that plate
tabs 27 are positioned to allow easy connection to the electrical |eads.
Placing.the tabs in an alternating arrangenent helps to prevent the | eads
from becom ng crossed or tangl ed.



Yet another enbodi ment of the apparatus of this invention is shO\Qn 25 .1n
Figure 9. In this enbodiment, the el ectrocoagul ati on! device 130 az d«UN 2002
mai ntained in a pressurized or depressurized environnment by a reaction
chanber housi:ng: 132 which is conpletely sealed fromthe environnent. .

~w , "'~ ~2J UN 2002 21 The reaction chanber housing 132 can be any
wel | -known type of pressure vessel which is able to withstand both pressure
and vacuum ~ This particul ar enbodi nehd is advantageous for use in those
situations in which the liquid streamis found in a pressurized state, such
as a nuni ci BriefReseriftiaupbthe Dibwings t he reacti on chanber housing 132

woul d therefore elimnate the need for a punp or sone other neans to force
the |iquid streaflfiguredugle nerspegtive veew 30 anThectpcoagulptiendevisgafshison for .
this particular enbodinment is the sa :ﬁ the first arid_second enbodi nents
wherein a | HERHOB: W rﬁmgsoftthms@eﬁw brojesy; away, Acprding fa g fistt react i on
10 plates 134,extend vertically through the reaction chanber, and are in _ .
spaced aparF“ﬁbQ?iﬁpF%tnshi p. A selected nunber of reaction plate tabs or
extensi gns 136 ext r-eactd | &f. 1, i t hout

t abs. Ag i nlet I?@g%% egﬂ%&ﬁ%sﬁ%&ﬁﬁet\{xgﬁf %fc@t%r%ﬂﬁgaﬁchg%ﬁl \gacti on
chanber hougi : : ; L I the 1 S
reaction ch?n@gﬁﬁgatgﬁﬁﬁggﬂﬁﬁsggghei@gh %Fi&?@gﬁg ﬁﬁg%ﬂﬁgﬁ\%ﬁﬁ%ﬁ&ﬁA f oam
extracti on phpvwg; 142 communicates with the upper end of the foam done 140. A
liquid streamoutlet 144 is attached to the foam done 140 above the
reaction chanber Figiite 8nid altop plart tiew ofiRiguxe i acith all afitherchétion platedre | i qui d
streamexits the reaction chanber through outlet 144, it may then be 20 .
passed t hr omghoved exaept foriors platey faleelatity pamposesjesi red gas to the liquid J
stream such as oxygen. A venturj feed |ine 148 all ows the desired gas to
enter ¥@nturi 14&18uxe dds @itlerk diagramdithe epparatusiafdhisrinvertiapent ur i — 146 at

pi pe 149 contains. a nm.xture of the treated |iquid styeamand the added gas
rom foed | HHBURNAE MAET SOIPORRIS reOfis i 5 ETresmhSTERHay hel p i n t b
25 treatnent of the liquid stream In addition to a particul ar gas,

chem cals or other agents may be added to the |iquid streamat this point

Lo further @gt stidg drbAy fodubed QBle Perdpeltivd FRvPoPY s rectified 1ine

voltage to the U'N 200 J 22 ion plates by neans of electrical

| eads 152. Embeiimend of thadsvehtidnoohithahaybt iséd fordfigh @ohaaé i ons 154 whi ch
are electrically coupled to their correspondi ng reaction plate tabs 136.

Al t houdh onpryoductienrinafiduséaaltsettmgst at e tabs 136 are illustrated, it shall
be understood that the anperage and S voltage within the reaction chanber
may be altered aFigurel§ is@a expladed perepastiae vaew ofisythisd ombndigientied t i onal

seal ed connections .154 in conj LinCti on W th corresponding sel ected reaction
plate tabs iR§snvenlQRIn d@é@ﬂ@d’ lFSﬁgaYBL“‘Hﬁke contact with |leads |-52

Gevi coof  Fi gur o 88 Tiag RARERTE AV i MRttt of YRR n: “chanber
and a threehw Niid dedfRbd SERAGANR uni@0t shown) or a back washing
fomqfellihld fciZe

filter (not shown). isty treatnent 1§ ideal for a hone, hot tub or
any appli cation Wigie § i QUireally 8AlafBed fkSmRABHE Pldn viewPs RS palr bFed system
Cont am nants can be rermchagdréf r%m the Ii q%ring ??fgam and theﬁcl eaned liquid
can flow asrgeedaplites whitloate sécaredowithin cdiréspondmgdpavaswithiorthe shown)
may be connected to foam pipe 142 to assist in renoving foam which buil ds
up wthin feeactidarchatber; The foam created by the electrolytic process wll
col l apse, thus reducing its volune during extraction through pipe 142.
Application of siliegure Yiaaduagmentany petspectine viswdofi vfauti enbpdiment r ernpval
of contam nants fromthe | iquid, before, during or after

el ect r ocoag@f the wyenten pduehublizesa §¢3é%d enclosyrg o5 DIRssusst vessalioi ci al gases
intheliquid. For exanple, the |iquid streamw thin the reaction chanber
coul d Be saf‘lﬂ‘%ﬁaé‘ﬂa\%flgg‘lapﬁéﬂriecqﬁlv “Bﬁ'swktﬁghnb‘ﬁsre‘t‘ﬁgfﬁ‘e aMbar bon di oxi de
whi ch is provideg.b (o} inlet fornmed in t.he reaction 25 chanmber (not
shown) | of e odiets RS BdrafieBany PEBro v ERSRRAR AR ™ tee o

t he vacuum S Id RO pldpid! ow such gases to
nore fully tgg?@'ﬁ’gf‘éﬁ% ﬁgé P?%&P%r st rea%e%gté%dtrggasse% ~rﬂ§€‘\fl:u N 2002 23

t hrough t he coagul ati on chanber. The foam donme 140 rmay al so serve as a
distillation tower allow ng the separation of various conponents fromthe
liquid stream



Tn each of the enbodi.aents, the shape of the blades is not crigiga
Al'though the preferred)enbodiments illustrate the bl ades as ha\tllZgJU"?ZUUZ
rectangul ar shapes, it shall be understood that they can be nodified to fit
the particular shape and size of the reaction chanber being used. The
bottom ends or portions of the blades may be ta~iered with respect to the
upper ends or upper portions. Tapering of the blades in this nanner makes
10 the bl ades easier to renove and replldce within a reaction chanber. Al so,
__while the blades of this invention are illustrated as being

subst ant i al loonpketedito an incurhinglrectificikbline woltagdtat prodecapplesaed yokage net hod
of this invention do not require the blades to be of any partijcul ar shape.
The maj or cm@mwgﬁw@mﬂw qlectrigal Geldmd the reastiop|chagatbersanchat t he bl ades

will allowthe {Ni(rﬂuid .Sstreamto nove through the re[q%ction chanber in
primarily an upwar8WahhiSAnoer fEASMCIAlY RRTSRIGENE VIFW R @ 8STEECT ol yt i C
reactions can_he . t | & quj tyeam Therefore -1t i.s not the
ntent to Aot ABRGE v RsiGp oL R R Slophetthd ¥ Mt incbmliBeanber by
t he use of ar, ' ' LS qt.hess wi th many
prior aﬁ dg\&feg‘}edéga%{\}gvdgg,g%gﬁ?ﬁ% :{aFnggﬁ S’%\&errtg?) cr)%@d% %a%lf%gegﬁ i ngs or
apertures capifigedntiamipesaObithlitl el fidld of thd'jackbRRnghiben wi |l not
create the hori ggn'?al rc osls OoW. Forcexanpl e, tﬁe BI at es coﬂl d be

manuf actured froma screen-like material wherein there are a nunber of
openings or holes along the length of the blade. Again, however, the

pur pose of tDetadeddessriptiompefiihednventionot for’ 25 induci ng horizontal flow,
but are rather for purposes of providing flexibility in the type of

material to be uddguesl illustigtespaslectroqoagulatian denicenti) agcendingtthithe t he scope
of this invention that a heap.or pile_of netallic material. ~ 2 ~ U N 202
t d %@3 thet i Rliohe TRI-RASHFUIEH EMARCIRCRGSI d al | ow ¢ he

desi e 61 eSLLOL YL GyE BRGNS f Qetake BLece, M4 houl ol BAuEl ng yndest rabl e
mey be as S Gl A% rheld Thd Bvik 903hclits RraUERn MG liag 1o RlEmalne o eater

the surface area ma or e rocoagulatton to occur within a
gi ven vol ungyy figuedatss, 14t 1R vdsRSESl1dchien Maddl§8 idEsnicakPid the¢Rhf®er (he more
difficult it "becomes to force liquid through the gaps between the bl ades,
and the nor ehdusitd 12 byapped fagie8 6Ptdadtion ehambéet Yk end biger bl ades by
bridging of solid 10 particles or sludge. The thickness of the blades is
al so a pr actdorrgispending shatmgdlionen flange 20rifrthe basenkd. bDispesed ahevetheat er
surface, area avail able for. el ectrocoagulation treatment within a given

vol une. 13 tieactimuehaimberd 2tis arqoligctiom shamber or devielonment ahambsi2Zi ty make

t hem har der

addi jtic_on of ‘élgfli%ﬂn"g'}[‘ lg'cf’ﬁ\lﬁ(fs{?‘}"h‘i‘eﬂaﬁﬁé]ﬁ%e‘é ig%@:?%;‘:‘ﬂgﬁi{eg ted$%§g§é{‘§?et ggl e ':1 0
o ades ar scramoer i, YOS sRal eI LG QiskHER oBERBRT 20 T APCd'S, Do eor

The el ectroqﬂag - : I 115 rface for
the reaction toHLl%%:rllj ) %?ﬁ%&gggﬁﬁﬂﬁtﬁ&gﬁ%@ﬁ%ﬁ@ s?)lpa{nhl S gnve%’ti on, an
adequat e t higkiRAs¥#aghed difedtly@Ridswalls 148'A pllhslity Tiesctiiphgesgide of

al um num iron, stainless steel, carbon or any cOnductive material. The

choi ce 20 blisdades26 sxel dispdsed ittt thetactibe chamber12.0 Asshehar thocoagul at ed,
the contam nants to be renmoved fromthe liquid stream the material desired
to be |eft weattion plateslA6gktend vertizally avithin ke reattion @hambebangaeci pi t at ed
out as sludge. 25 In lieu of the insul ated spacers 47/48 and_ 107,

non- conduct i placest sidedycsiderse drat thero areershld gepsrhgtwnenmipposingofaceseh t he

bl ades. These alternate tyﬁ of spacers_may be held in place

b
non- conduct i §A€h s the platesot ¢ct%macnonpletesﬂmnmo@aw&mml@myf@bﬁar dwar e.
The gaps or aces created betweep th | a do t necessarily have to be
exac?ls par ﬁgﬁl‘g‘reﬁﬁ‘?‘igﬁ"?ﬁe é‘ﬁé“& @Eﬁ?g 0%&1%?‘3:3%0% WP €341 ki bl e,
and 2 1019 @3 . S A58 3658 Naf il £YbHES JhRing AL, ik gL 1 aui d

stream
understood that only selected reaction plates are needed with corresponding



S process can occur. As_a practical matter; however i s desi r-‘ag Ugﬁ
avoi d choke points or coerar atively narrow gaps to pyevent undes aiJI 2002
bridging of solid particles. In the first, second and fourth enbodi ne~lts,
the electrically connected bl ades rise up past the liquid |line and foam

di scharge, and pass 10 through the foam cover and top cover to prevent foam
or liquid fromreaching the plate tabs. In the third enbodi nent, the top
cover is renoved during treatnment, butl4he plate tabs are still maintained
above the liquid line to keep themdry. It is necessary to keep the tabs
dry so that ptde st 27) ad fegherodisafssed belbw. | Andiald titie 28 allews @k ligaids .

t he- el ectrocoagul ati on device of this invention may also allow a portion of
the liquid stresmanotentdnthadsvickd Oateac the battorhithérdohie Anemitlet hebebdbrades wi t hout |
sacrificing the ability of the device to effectively treat the liquid
stream Thepipagi? & priesidedosshe upperpertion od tlghdeviee d0eAs showm ini el d wi | |
still carry eI ectrons because_of the contact 20 wth_|iquid that has passed
through the Fagure3; ithe,putigtdnbe 3%6? SeSusefHou t%ntq&sﬁ@&@elscfpﬂﬂﬁds

tiqn d t bl d tended °
to be r oyt pelomaiRlg. dEofdinght g oy ofhiRatBoieh g BYRE 1 quia

bet woon. ¢ ne BIARA Teh 1 %?#cfr‘h%?es%%@el?‘a@%ﬁé?%ﬁﬁ%q‘é%*9#‘?*2%?.%?'e' 9ape

treat ment 0E1dehﬁaltls°1@|la ‘i’:}]Br{ﬁe%llé& ol SHAMBEr S li "ﬁté'fgégﬁf},% heved as

m xi ng occurs natural roughout t e reaction cha I'ng upon the
type of conkegity ﬂﬁﬁhghbeﬂetetubermveﬂstmﬁélwbmesgweeﬁadéw may 2 J UN
2p02 .. 26 only require exposure of a small portion of the t ot al iquid

wi thin the ekeetedsan) td feeabe somk solids dristudgecwhivh predipitate éutedfithe | i qui ds )
are mixed to effect a suitable treatnent for the overall total volume of

| i qui d.10 A&lqurchsum and svhitlyare not qarged by ahe ligeiddstveampnkofithehamber whi ch

is 5 downstream of _th reactlon chapber may be used, for purposes of further
m xi ng treaf%%ﬂ’“&ﬁc?hﬁ r &gcariip b@??slﬁ)mctl?&slqgf@i’d%tt?éﬁm‘mn ch are not

Theva e Brese AparenaB i areilfs I Aryiden GERRE 50 drain the Babidif grden o ary o
embodf Ment s gl sl By BN CORBPBackBE: OPA ih¥ig' Sk LEGRG Biam Lhe 1 ncomi g

rectified | FNaNVEIY or ‘power 0 optl

el ectr OCoag%@itchHr&x Gh1¢ flbe 78 Erg;i eDé\%'nhY dw&‘ihﬁéd%ﬁvfe%i‘ggh”r@édt% devi ces

useaseparatetrans orner to ta e|ncomng Line v then rectify
and tramssf oplated126 biyepluallitpeE ob@nﬁxtg‘s{ Qbtwakich ake dispoRedilong thep@diont whi ch

t he reaction chanber can operate efficiently. In the 15 present invention,
power i s obbéitheethbei28ewithin theoradtiom ¢chandwirng |1 i ne vol tage or power grid, is
rectified through a commopn_di ode or rectifier within the contraol unit, and
is then transferw@cslmwremﬁgur@hmoeﬂl@mlﬁmeewﬁmm berpravided to

Transforners of eneeddtotr m inc mngllne voltageto
usabl e vol tQ&'é@“hngFﬁF CEeSEHQ Fdﬁa@?&rfﬁ’éf‘ﬁﬁf IDZ?P nthey nensi ve and,

her ef , ad f f

ol ot onongere DR et @érfgwstﬁafchgega L)

whi ch - |
e S RO R

accept abl e bl sl ShEgh, %aRGhAY, o%ﬁvbﬁgrer £ Jﬂgmma a25

necessary to treat the strean1nu e tr om t
transforner flappidee Mmﬁ@é\rbm\eﬁa bha&emaé?ﬁw&? fisebé placed Wires are .
rated, or S|zed based” upon anper age speC|f|caI voltage generally,

~ 2 J U N 20R2r thé rehetion platesnelith @penimigs 3o wllow the}pbdtbeabsmﬁaﬁﬁ‘oyrudenducu ng
| ow vol tage and hi gh anperage is nuch greater than wire used to nove high
vol tage and therethaopgh. a%Ee tafheovedrst2nmyy alseehaveanguntimwusopeniogerf i ricity
through a power rid froma generation point at high vol tages and | ow
anmper agds, oluml ﬂ’éﬂOtSr%mndertme @‘E\L&? rqa@tlpe\tﬁ%ﬂotmgay and h| gh

amper ages n of use t me or. factor fion
ngref 8re, ﬁqghgﬂgg amextrac(tlon tube4215a oprov1cfea toa Iowt foam )

to be extracted from the device during operation.



advant ages can be obtained by conducting electricity at a higher ﬁtjﬂi\l
. and. | ower anperage. +' 3 The potential between thé incom ng power or&lud 2[]02
voltage and the 10 bl ades within the reaction chanber for each of the

enbodi ments can be __ transforned generally in accordance mith the

following: 1. Voltage delivered to the chanber with power connections to

the first and | ast blade (Nos. 1 and 219, as described further bel ow)

results in transformation of the incom¥fy |ine voltage as foll ows: The
voltage 15 within the chanber will be the incomng |line voltage divided.by
the nunber of theaAgaRst LRIMAFighies 208 3MEB, aliee oPUPSERPAcESAY drfd 4 & chanber
wll be the anperage comng fromthe incomng |line voltage. 2. Voltage

del i vered t oof haverispaters 48idré ppovided ao goiies ifonthetproperepositidefg of the er nat i ng
bet ween positive and negative |leads (Table 2 20 below) results in

t r ansf or mat i meactibn plades 2G.oFigwye Biilustvates aj ofdbe bladesiptatesTh@ beingt age wi t hi n
t-he chanber will be the incomng line voltage and the anperage will be the
total anper at@nevad exgept fnanglatedn erder toj bestey yavathe atsnareaf thg t he nunber

of gaps between .the bl ades, 3. The_anoupt of a ra pul l.ed .fromthe
Cncom ngS| i nEaston ShamBer. AS Seen HREREY PetPassTSAY HAd 15,41 HERIY: { ace area of

the surface. Spisb SIS REh BUPHGEe shAF 48 ofhf riaclRRpLdiEs A b Sk T po -
doubled if t . ' [ f tricall
connect ed bl dzgint Thespaotts aft AHOE of aindtf oBpUIGTE ifeERaL i ThORRE" T S8l 1Y
vol tage cr eapfRlcWehdie thliSoBRATHAG (S RAiHIRANbAAICLE hplaRRNIEEidHn L he

vol t e

incomng lin age to the bfades in any 5 conbi nation as scri bed above

in Nos. 1, 2in Pipirs38, the pifteyvare subsaikially patdlld tébhewhofher. a Wi de range of
anperage and voltage control between the blades. A set of practical
exanpl ed0wi | | nowlbtheqresanit inevknition] thensquifl pressutdwhedhas expenegeddiyi .on
device of this invention may transformincom ng

the reaction plates 26 is minimal in comparison to most prior art devices.

Since the device may be vented to the atmosphere, gases which are
produced in the electrolytic process do not add pressure to the liquid
pressure produced by the liquid stream. Such gases form as bubbles and

15  rise within the liquid by buoyancy. The bubbies create foam which can be
easily removed. Therefore, the strength of the blades is not a significant
consideration and more pure metals may be used in the blades which may
not have high strength characteristics in comparison to alloys.
Additionally, since the reaction plates operate in a lower pressure

20  environment, their life is extended since the plates will not prematurely
break apart due to excessive pressure. As discussed above, since the blades
may also be made thinner, a greater number of plates may be used within a
given volume. Accordingly, the number of gaps between the blades is
increased which in turn increases the exposure area of the liquid stream to

25  electrolytic treatment.

In order to remove the reaction plates 26, they may simply be lifted

upward and out of the reaction chamber along spacers 47 and 48. The



10 line voltage to the erage and vol tage needed-wthin the el ri
field. - Referring to Figures 10 and 11, and Tabl € _1_) bel ow, a rea sz 2002
chanber 160 includes a plurality of reaction plates or blades. A control

unit 162 provides the incomng rectified line voltage by means -of positive

| ead 164 and negative lead 166. There are a total of 219 blades within the
chanber 15 nade of 1/8" alum num strap, and spaced 1/8" apart. The bl ades

of this exanple coul d be approxi mately &6 wide and 48" long. Assuming that

the incoming line voltage is traditional three-phase 440 volts AC, a diode

or rectifi espaterhitih andelScpnovidsl a siiple ng&&ns dyt whichghe plateés maybel t age of 440
volts AC to 560 volts DC (according to standard formulas for rectifiers
wherei n 20 seeured andreplgcesbwithpubepcessiveadditianahbiasdsyarg gehighi t i pl i ed by the

t of 2.and ni 10% tifi I . _The,. 164 and 166
attach o rolssBi ol RkegRplearient obhea3th mefe NG | ne so that the
ti ' cat ] pn. 1 4si .l .ol t

caual s anper age. MPEEedsHEY ol B8 disBUREmERCH Cait BUORRE MAuER0C |

| ta 25 RSt | ' , th
ol T ow A t Shacd SR Et#G e piBecs iR Toitoh MimiR JpanRaRteons: 11
TRANSFORM NoyiftYa 8EViRCHhich eftieh J62i86k Fidio ERqILABFSThistidvtaiiloe  No. Bl ade -
Wth Positive Lead Attached Bl ade Wth Negative ~ Lead AttachedAnperage
Bet ween Bl gHewXyLouldsimply beatactddadahé sidenvalls 14 and communicating

with the interior of the reaction chamber. =

As shown in Figure 4, a generic apparatus of this invention is )
10  provided in block diagram format to illustrate major components, and also -
to-better illustrate the method of the invention. The untreated liquid 51
may be pumped by pump 53 into the inlet 28, or the untreated liquid may
be added directly to the reaction chamber 12 if already under pressure as is
the case with municipal water. The untreated liquid 51 may also be passed
15  through a prefilter 52 to remove solids. The liquid stream enters the
reaction chamber 12 and undergoes electrolytic treatment. A control unit
54 provides a rectified line voltage to the reaction plates by electrical leads
56. Electrical leads 56 attach to selected plate tabs 27. The liquid stream
exits the outlet 32 and may be passed through a development chamber 60.
20 A recycling line 58 can be used to reintroduce a desired portion of the
liquid stream for further treatment. In the case of the first embodiment of
Figures 1-3, the development chamber 60 is in the form of the collection
chamber 22 which allows foam produced by the rising gases to be
removed. In other embodiments, the development chamber 60 provides
25  additional opportunity for the liquid stream to be treated with additives or
other chemicals to condition the liquid for ultimate use. Secondary

separation means 62 may be placed downstream of the development



Li ne Anperagel #1#219102. 6 (5601 218) 102#1 &219#11020S.i (560l 1132) ml
. &T46#73 & 219307.7 (5601 72)904#1, t 10) 8c 21 9#55 & i 644410. 4 { edibl) 2802

~5#t) 87) & 174#44) 131, & 219SO y~i 3.0 (560/43)2506#1, 73) |145) & 219#3G,
109, & 182G016.0 (5Q0135)3607#1, 62, 125) & 187#31, 93, 156, & 2197018.7
(5601 30) 4908#1, 55, 109, 164, 219#27, 82, 136,& 19180-2t.5 (5601 26) 640
Figure 10 illustrates the electrical connections between the control 15
unit and the reaction chamber accordind?to exanple 3 of Table 1. As shown,
positive lead 164 is attached to blades 168 and 172, which correspond to

bl ade nunberchamberdQlihSordeesyseparate hnd filtee onegaitamindntadr défpulatedt t ached to
bl ades 170 and 174 which correspond to bl ade nunbers 73 and 219. Wth this
connecti on cwafaripls pripoty userns thepreateddigind wream20 each of the blades is 30
anps. The vol t age_pet ween each of the bl ades s (rectified DC

) 2 is 7.7 |
vol tage of 560 voftgé‘r‘éiﬁ\} IH%IEF%%/? F‘F@“ﬁ‘tﬂ’f’ﬁ_ @fé@h@@m&)@&w IPPardusf bl ades
power Ui & a9t B8 inEeiotaT i shtiocipent aperites Siier BegatiGRicIler 8st 1 vel y
lits t i . i.Q nb
T8, T a0 ancbguet oot iy mfly AlySHa0 Y UGN R BERIERE T, 117000

bet ween_pai rghith Rliiére’ dutidl fyr SRNFISRE B Wi Rizh Wltned Bf H{eé{ﬂeHEIﬁlaLﬁ%s 2
equals 7.7. Also as shown in Table 1, the el ectrocoagulation c er will

pul | 90 anpsaferrefuirédid mdasirial séttifigs.vAkishens tHe dléctrocoagalation HeMickD02 30
Figure 11 illustrates the connections corresponding to exanple 2 of Table
1, as shown, 70 béthissitbiodememadciudds a sawtdranitredteddiquidtak 7B &hictd 174
corresponding to plate nunbers 1 and 219, respectively. The negative |ead
166 is att acteedives asiupply afigquid througbnoiend3t &\ tdagtien tankbzt aude. 5

Accordi ngly, the _ anperage between each, of the blades is 20 anps,. the

vol t agel®et V\E@ﬁeﬂiﬁ“ﬁl /6 are grrangeq sidecbyspidg yyiths the wnteeatedoljquido) - 1 n

ot her words, t vol t age ween .t he bl ad i. he supplied vol t age

i v ded by +#BRTAcSPue RESERET et Bavid ey et it o

bl ades. As s ' O I I.&al,. L eads at bl ade
nunbers |, )@‘%\3@?&8)&;{#8}&;?9]pé#‘?%[gtc?’\%g{gﬂé%?%tsé&?%gé‘gﬁ(yﬁggﬁ a|r%“‘1t o two mmj or
areas shown gessitioRéPaverthié réRfion #nk M 88 showhhisSs B RYifoh 8 ay be

el ectrocoagul ati on chanmber will pull 40 anps fromthe incomng”line voltage
sour ce. Tabl mcérpdrawd withitthe uppar1gnBO of s reattion taikel4 rdehtcwagan be
used to obtain different voltages and anperages within the reaction

chanber 151t a ssaypthetop ddvat isiisnmiviedr Thel safiety swaitcll &8wpey hgasycan be created

within the reaction chanber by devel opi ng other connection configurations.
Tabl e 2 bel oirdusinad contastor kmitasitduawhichisivaredstol the cantropenit 84s A e

L L
Lhe Pl ades, WAALD 0k HoHRR: o0 S BPALAA A SHERGRERh sl g iEE {2,
creation of Exe%ﬁé?%ﬁn%oﬁﬁﬁ&ﬁ,e@:?@ﬁ&(}eﬁfca}l %Mnﬁg‘iﬁe E&%Hb{n?aﬁﬂéé}&iﬂéa”ber to

pul | high level's of anperage fromthe com I ne voltage source. This

greater 2@@%@&60&‘:& in §;fﬁ‘éh'ﬂ apart R1gflon.aTHeFe HeRAdUARASed MikBerusfed for 25
transferring power to the blades in conparison to the apparatus of this

i nvention. Agiidsiifirthislembsdimientindédraparidon tdate fiesti nbotimeannpl ex and  ~ 2
J UN 2002 . -. 31 expensive to nanufacture because of the great size and
nunber of el Actordimglycthinembodmsentavjilli require aAigherinédthing 1MeTvAtAFRANSFORM NG
BY ATTACH NG LEADS TO EACH BLADE 10 15 Exanple

such as 440 volts which is readily available in most industrial settings. The

first embodiment would normally operate at 110 volts incoming line
25  voltage which is the most common incoming line voltage for residential
areas. Spacers like those used in the first embodiment (spacers 47/48) can

also be incorporated within this embodiment to secure the plates. A



No. Blade Wth Positiv Lead Attached Bl ade Wth Negative Lead 1
Att achedAnperage Betweeh Bl adesVoltage Between' Bl adesl nconi ng ZI*IJUN 2002
Armper agel Gdd nunber edEvén nunbered10 ~:2.62,! 8020dd nunber edEven

nunber 0d205. 14, 36030Qdd nunber edEven nunbered ~307. 76, 54040dd nunber edEven
nunber ed4010. 48, 72050dd nunber edEven nunber edSA 3. 010, 9006Cdd nunber edEven
nunber ed60l 6. 0l 3, 08070dd nunber edEven nunbe~t d7018. 715, 26080dd nunbered -
~Even nunmbered ~80~ 2|1 .5r i 7,440 It i¥ also contenplated that the device

of this invention can be used wi thin hazardous areas.- The el ectri cal

connect i onspheshiyarf reneiongplatadiabs or extensionk 82 rextand abovetthatfeamcoul d be

I nsulated in order to conformto standards for expl osion-proof devices. For
exanpl e, t heowrd4 rklesiricableads 26 extensdsiram ﬂlﬁ@onﬁaﬁwt@ém aftachideul ated to .

i nclude an insul ated coating placed over the.electrsical .connect ed bl ades
to a level HeSEagin at%@‘)ﬁ%ﬁ&ﬁfﬂﬂ%éﬁ‘%t widhibe fistambgtismemtoer . Wth ¢ he

et ool BB Et e SR T R PR
[ t gol | 1L.5A] | ON.: el T it hi
50Tl iAot EIG 5 SR AR B PR

adj usting s ANEALERGAH diithe HRF0RERL] Aangmas%t%gggﬂﬁgggraheasp' ates or -

bl ades in contact wt lquid stream . (2 di st ance

bet ween t hetlg) Iaftid iseréhindto eRitthe r&dttivnagdsls 74( Ihetfoemactslick allwaftheon  ~ 2 J
UN 2002 .; ~~, . . 32 conductive insulating bltades; and (4) adjusting the
conduct i vi t yeaofioh ipéatt iegtensiony 92ddipags theeethomigh bt forces thedfoamndmhce or
degrade the ability of the liquid to transfer electrons. Anperage can be

al so be conliguid sieeapytoflewiaut of the ehamber axer keespillwayiHs chheitpnt | ne vol t age)

dth ti . . :
an ?Or eago‘lrec%r% will cover all of the electrical connections for safety purposes.

The electrical leads 96 may connect to the respective reaction plate
extensions by any well-known means such as alligator clips or connecting
terminals that are used on industrial batteries. The open area between the
foam cover 84 and the spillway 98 allows the foam to be vacuumed off or

15  otherwise removed as desired. The treated liquid accumulating within the
treated liquid tank 76 may be stored or removed as needed.

In a third preferred embodiment of the invention, a portable
electrocoagulation device 100 is provided as shown in Figure 6. This
portable device 100 may be used in those circumstances in which there is

20  no potable water available and a small amount of water is needed for
drinking, cooking or other similar purposes. This embodiment differs from
the previous embodiments in that there is no liquid flow through the device,
rather, treatment of a static and predetermined amount of liquid is achieved.
The device 100 includes a reaction chamber 102 which houses a plurality

25  of reaction plates 104 which extend vertically through the reaction chamber
and are spaced apart from one another. Selected reaction plates 104 may

include tabs 106. Spacers/dividers 107 are provided to maintain the



5 chanber which cycles _the power "on" and "off." As a further di S$i Qi
«( 1.) above, the anper.age draw can be controlled “i nsi de the reac?iognjU(N ZﬁOZ
chanmber by adjusting the liquid contact x length of the electrically
connected bkades. Using Table 1, Exanple 1, a blade 6" w de and 48" -1 ong
draws 10 anps with a specific liquid. The ) 10 anperage draw of the

reacti on chanber could be reduced by shortening - blade No. 1 or blade No.
219. The anperage draw woul d be reducedoto 7.5 anps if blade No. 1's length
was reduced to 36". The anperage draw woul d be reduced to 5 anps if bl ade
No. 1's | engichcis platshin@eir Spactd aphtrcbdtRint  TéMENSLs 198%rk aftG&hed to

rel ati onshi p between the anperage draw and the 15 1 quid contact |ength of
the el ectri ceeltybs D06 fsiteady bleathtsal cdhigectioner g acelssutydesushgs Cp®ig ol led in
the sane way by placing a non-conductive bl ade between electrically

connect ed bl mduptedTthdheréaction chamber uThe aceagsdnydmmising hlQ sraysinofudehe

pl acement of such a non-conductive blade; only that it be placed between
desi gnat ed e? ¥eltagesaurge, suehh as e batteryabibd . Elpstriead heatly 1dgriatareonnech| ade wi | |

Chanber P (W8GRl b1 ad teceratnaie Kb phUe. bS8 AEFeEPsEBnect cd bl ade
%&2%&2”&23?@%‘5 Ll Yl e bSE BIGR %dj%@?ﬁ%%ﬂ%ﬁ%?ﬁ%@g Sde shiz?bfﬁe
petween bl adbbd RAcH PraRREDEEd t dedcbindct o dofiod Bt g AR ERYRE |1 0" s

i f & non-confyg ¥k 2P dAEa dﬁjcléﬂnwrexwf«sdﬁ%‘{h%\aﬁgg.ggé e&lﬁg@gs 1 and

219, and anperage draw woul -~N~yT~ 2 2002 ere ed to 2.5
anps i f a nomegetli® hicwadihéltvvetedgeaherepf aogkdasicoventhel e, 1 and

219. The lengths of the electrically connected or nonconductive bl ades can
be adj u$@ed Afiet tre liquidihds beentrbated, the lipad amydsd extradiead threagipbpoutt he
interior surface of the el ectrocoagul ati on chanber 5 housing could be

provi ded wi t G A filten 122is provided te filtey outgrystalisiseorfoontagainants ¢ks can be
o) crt ot AN B DL b olan e s S e SRR R S e
dtoth Lcal | dj f iirectively |
" educe 1 ho ORI Ory1& Yop boRE LR beRIOBEn eabla Ribirtd. Yol B COnt ac
ith the liqy I [ ﬁgg%rﬂﬂgﬁ Svenbedi the fl f
¥Mhe | qﬁi dI %ﬁ&gﬁ}t@ﬁ%ﬂ%ﬁdﬁ'r@%bgﬁg er cou Jd?géﬁl ncreag'g@@géiﬁé%crgasegwtg
further jgont pebehtiRaRdEeS A thin the reaction chanber. Generally,

i ncreased flow of liquid through the chanber will result in an anperage

decrease 15 becauReoperhtidn obtiee gortubléd blectrbeskptiiatidd ddvéce to@Mhd topr e qui ckly
t hereby decreasing the conductivity of the liquid. As discussed above, the
control uni tcomey ibeemondadp fedliquidis aimplyadded to thewmsaction chambet® wi t hin t he
chanber. The control unit, can tgﬁn control an increase or decrease in the

flow rate ofandtheyalaes isintoduced fo thereashionplatesel G b baftery 1 12agT a val ve or
20 vari abl e spegd pu upstream of the ,jnlet. egch of the.enbodi nents,

t he bl ades o%‘&tﬁ?‘iﬁ?féw% ’@6"&?@’&9%‘?41"%"%&5 hgﬁdﬁl%@ﬂ? ng or scal e.

The coatjng can be removed fromthe bl ades by reversing.th olarity of the
D ponerOt o BRECH ISP RER P SoR e e GRS RS BB 80hYent i on
contenpl at esm%%g Q¥ ﬂgufdht?eing treated and the targeted contaminants to be

removed. The treated liquid is then accessed by opening spout 120. It is
contemplated that this particular embodiment would be capable of treating
at least 9 oz of water per batch. This embodiment preferably contains six

25  reaction plates or blades which are removable. The filter 122 may be a 16-
24 micron filter which is also removable for cleaning. This portable

electrocoagulation unit has effectively treated water from an outdoor



25 polarity of the DC voltage provided to the bl ades by the contrqgl ,uni
according to a tinmed ségquence or based on increased anper age mhica 2 DtJN 2002
i ndi cates | ower conductivity due to the scaling. 7-, ~2J UN2002,, ~

34 In order to obtain the varying anperages and voltages in Table 1,
only nine blades are required to have plate tabs. Since the bl ades
are=easily renovabl e, the bl ades or plates having tabs can be noved to the
desired locations within the reaction ghanber. The foam cover that slips
over the 5 top of the blades through slots cut in the cover will expand

al I owi ng t h%gjeﬁﬁ% Sd&&'sél)gﬂr%g&ﬂ 'i‘ree\w&f:‘r. aIrPénE@Ebb?atBﬁ“R!@%taI he foam cover

will - expand to farma wa I ght seal at the slot. ® For the first,

second and fceliférn, Ertvofi, AR efiterédddeas dlerd dIPRedacEto hscepaidiTevatied for
safety purposes, the devices will operate without a top ) 10 cover as long
as the conngless timm B niosepribable maaber (@asts)) edwweinainck pathiogens | i qui d | i ne,
thus elimnating typical corrosion problens associated with wet electrode
connect i ons originallc wertafosadwat t12,000s 120 and @3ohipnhiespeativety.i Inadditient nent of -

a liquid stregm may be aghi eved by exposing. a liquid flowto an el ectrical
15 fiel @. T%%?QB%Y‘BEGQ Swsqacfaboge,awsmbgmowmﬂemaﬁttmn ch allows for

gases whi ch ar roduced in e electrolytic.reactions to rise to the
surface of teﬁg%qo[?:a a ‘?‘ﬁéngﬁ'uﬁg%ﬁealf%gféﬁﬁu‘é? Wo HE?’Q.Va‘rﬂémﬁfﬂ k of the ~
coagul at ed [ QL i : Ly | any remaini ng
particles fg‘l?lﬁst’ B%ﬁ'ggég?@g{’éf gg?’g\glf’%?@gﬁ%ﬁéarﬁfgé\@;&g%fﬁrgggg‘r base of the
chanber for 20 s ﬁﬁﬂ@m F I i ﬁﬂ@ tﬁﬂpﬁ he
electrical fiel dw\%lst in t%efgg?ée/& ngggtglgrﬁgglé%%ﬁ’c anggcﬁ}_enay egia\fgri ed by
connecti ng thebRideskédctioh plaes in ey 6t 8 HiRfebadigfentEdither Idieiduar i ng the
chanber, the liquid streamnmay be filtered, or appropriate chem cals may be
added tl® enilades orehe entiressetvof bladet lnsed Withixe the devicecasbargmoveduifp may be
used to force 25 the liquid upwardly through the reaction chanber.

Al t er nat i veltls entirs sst ef blades is ke ramaovddpa plamalitykEnpn-gosductive rodal ed

encl osure such as .a pressure vessel which may elimnate the need for a pu
if the Ii quilagsqap«@%ffﬁeg to interconnectthe geaction glate& The non-conductive punp

rods 126 could be sized to fit within the specific reaction chamber used.

These rods would serve not only to stabilize the plates within the reaction

15  chamber, but also to keep the reaction plates separated from one another
the desired gap G. For illustration purposes, the gap G between the
respective reaction plates 26 has been increased in order to better illustrate
how the reaction plates can be secured to one another through the rods 126.
Use of non-conductive rods 126 would eliminate the need for use of

20  spacers 47/48. As also shown in Figure 7, the orientation of the reaction
plates can be configured such that plate tabs 27 are positioned to allow easy
connection to the electrical leads. Placing the tabs in an alternating
arrangement helps to prevent the leads from becoming crossed or tangled.

Yet another embodiment of the apparatus of this invention is shown

25  inFigure 9. In this embodiment, the electrocoagulation device 130 can be

maintained in a pressurized or depressurized environment by a reaction

chamber housing 132 which is completely sealed from the environment.



al ready under pressure. The use of a pressure vessel also all ogs t he
+ el'ectrol ytic reaction tio take place in a vacuum enyironnment. wh rzidUaN 2002
source of vacuumis applied to the chamber. After the liquid streamis
exposed to the-electrical field and the electrolytic reactions take pl ace,
the Sliquid streammay be further treated in a devel opnment chanber and may
undergo secondary separation. The turbulence of the |iquid stream may be
increased prior to entering the chanbe2lin order to enhance the
el ectrolytic reactions. Also as necessary, a recycle line can' be provided
to recycle tTiR feheibedhamber Kousingea32 can BE A8y Weéll-Rhéwnd§pé of Ei’é%éuﬂer eat nment.
10 By the foregoing, the advantages of the apparatus and nethod of this
i nventi on shmssal whachppableno withistarel bothrpressageibmd vacuwhafids has t he
ability to transformincomng Iline or grid voltage to the voltage and
anper age nedqaseulgr embegdimentizadvantagessisdguusa inothose situations.in Srick t he
chanber is 811 fji rr‘)}{;ifi ed_c%r;st ruction, fhe liquid stream does not pass 1 S
through a t dhe bavidsstesam §5 founddn gaessymized statersueh @g agnppicipal ®ateiuch of the

lb h:blﬂp Eifsﬂfgﬁgv-?oi#%ﬁf “erpeﬁétﬂﬁ#%q%}é%}%%s?@fgyhﬂﬁﬁé%&%ﬂspﬁé'y‘ or oo
Addit ol | yplirgifateXnk BEed 15 £huidor doft SuncP ¥ans O FSREME RIS o as the
20 liquid fls%aﬂmyﬁgémﬁ%vwmmr 'gﬁhm@gfggggmg? Rt&\ﬂhﬁﬁ further

reduces pressures i nduced on the bl ade e apparatus are

easi |y renmyggtidilat &abudenédt isfircainte dhite st M Yednd@mbddnhades with
respect to one another in a vertical and side-by-side fashion. |If desired,
t he chanber wheretwea fijardkstrdam passeatladugh theodemiee.s Achlusalitg of eeaationpr essur e
25 vessel which elimnates the need for a punp if the liquid stream

suppl i el i s plateedd extandrvestieallyuthsougih theagspetion chamber, and areirent i on- may be
configured in aedtzgrtable_or travel _unit which makes it feasible for use in

austere  ~ spacedaparprefatipnghip. ofpelectessnumber of wastionplate gabsiarel y, t he
t f this i i be mad N | i ch mak
Tt feasi bl o SIS 130 GFeRd HRE iy PeyaRd these reqgtiand i Jod  Uattnes of
e, _ : carer i
be" rempved a0 TAR pEA 158 SmultifeRel gRf, GRbotfn BORIGH Ot A | Y. ©F can

appar at us. U}iaﬁnﬂeﬂﬁéﬁﬁihgrmha% BOAA dORRCoF BiRinbét LRY B1disp¥skd absbetiRnce to .

particul ar enbodi nents Thereof, bnt it wll be understood that various

ot her cl3wdirehétiin eltmbarhdueing f3Xinedsaulédidlatidigshipiticréwithi A foaape of this
invention. r 12 J U N 2002 37 CLAIMS lu the Cains: 1. An

el ect r ocoagdxdtaction pipeat4& comamnicaes withtthe appenendbf theffoam ddmei qui d
conpiising: a housing (12; 74, 1%4 _including inner surfaces defining a -
reaction chaferA lspidisteam ougleh 4 ipttachad pe theefoamdeamg 140ahovend; 5 an

inlet (28, 8t érég:ft?oncc%m%irigi 'a%d\i\)jewwsf é?oa?t?lé)sttirg ién pipe 142. As the

liquid stream exits the reaction chamber through outlet 144, it may then be

20  passed through a venturi 146 in order to add a desired gas to the liquid
stream such as oxygen. A venturi feed line 148 allows the desired gas to
enter venturi 146. Accordingly, the downstream side of the venturi 146 at
pipe 149 contains a mixture of the treated liquid stream and the added gas
from feed line 148. The addition of oxygen or other gases may help in the

25  treatment of the liquid stream. In addition to a particular gas, chemicals or
other agents may be added to the liquid stream at this point to further treat
the liquid. A control unit 150 provides a rectified line voltage to the



said ower end to allow the flow-of liquid into said housing, o]
(37, 98, 144) communicating with said housing at s?ii”}d upper engrzojur)TmUz .
the flow of liquid out &f said housing; a plurality of reaction plates (26,
90, 134) disposed in said | O. housing and extending substantially
vertically therein, said plurality of reaction plates being spaced apart
from one another creating gaps between adjacent reaction plates, said flow
of liquid being in a flow direction upgard through said gaps between said
plurality of reaction plates, said reaction plates having rion-insul ated

surfaces f Qpadidnflatesty Mehndof Blesicdl feads 150 WEcditAUEsdsansh t o be consumed
over time due totlectrocoagul atioa; at least two reaction plate tabs (27,

92, 136) i rdongeed withisbaled coateciivis 184 which a4t eleetidallycddoupbetto héupl at : es;

-arid 20 a control unit (54, 94, 150) electrically connected to said at

| east two rosarsspomdipgacactionipatestabsl 136.ndthioughionly a pairdifitgaetidd ne vol t age
to said tabs in order to create an_electrical field for electrocoagul ation

treat ment letgitabss b3 @ aredllusiraiede ifshal be undepstord, that thecamperagewadi n claim 1,
Sai o pisur ol peg wifhindhs pachipRchatites e e SIRES 55 ith BSAPUO ate Labs
ol f oam cpuE e Sy bORANEE il SEABR hhiRunioRs Tl Ihner | ncl udi ng: -
comneot 1 on R tionRU R BGeliSindifl SeleOls bl MEEHERE 136PTREEE T 00 1ei ng

accessed i nagieardofbétionsd 54AmdRY icotactwith! 1BAdPrsI Extehdllly df thwher ei n: - said
housi ng further includes an open upper ead, and said tréatnment device

further ingtacim chanbdrdwiusing 3nnThe eledocdspulativindetiee of Bigiae ® housing tp
provi de storage for the flow of liquid through said open 5 end 5. A devi ce€,
as cl dilred may bt dolowed downkreanmriyy adevelopment eliamtyed8inda thaedrphiazen sai d
housi ng at said_ |ower end thereof to allow the reppval of sludge or other

parti cul at eeptitfugal samesoneptishora) ap abackivashing hilberdmobshan)-nber during
realrent o L By AR eSS S L b ma, [t
cover; and 1,38 WeSifinSfe i¥ RELMA FOIPHALEH dd Y sWrh "DRtathih3Rk dan el €1 ON
removed from the liquid stream and the cleaned liquid can flow as needed
15  without disruption.
A source of vacuum (not shown) may be connected to foam pipe
142 to assist in removing foam which builds up within foam dome 140.
The foam created by the electrolytic process will collapse, thus reducing its
volume during extraction through pipe 142. Application of such a vacuum
20  may also be used to assist in the removal of contaminants from the liquid,
before, during or after electrocoagulation, or to enable a greater saturation
of beneficial gases in the liquid. For example, the liquid stream within the
reaction chamber could be saturated with a particular gas such as oxygen or
carbon dioxide which is provided by another inlet formed in the reaction
25  chamber (not shown), or the gas could be added directly to the existing
inlet. Use of the vacuum to create a lower pressure environment would

allow such gases to more fully saturate the liquid stream as it passes



5 tube to renove foamwhich is produced during treatnent. 7. Vi
* claimed in claiml, further including: AM :LADED’;?)‘{EE ~ =l ~f-1 (?E‘Jljﬁ 2662
o~ dn ~ 2 J UN 2002 39 neans for spacing (47148, 126) said
plurality of reaction plates apart from one another when sSecured within
said housing. 8. An apparatus, as clainmed in claim?7, wherein: said neans
for spacing includes at |east one pair of spacers (47/48) attached to
opposi ng i nner surfaces of said housi n3.3 9. A device, as clainmed in claim
7, wherein: said nmeans for spacing includes a plurality of non-conductive
rods ( 126) thmughctbaceagilatos ghampeur Bhe fgamdomeat4( maypilsa sgve as 0. A
device, as clainged in claim1, further jncluding: a spillway (98)

comuni cat i rijstiflatonstower allomang thesseparation pfpwrnals gogmansnts fremdhEon t ank:
an untreat edl.l i.auhd tank (72) communicating with said inlet to 5 provide
the flow of 19HESH*MMt o said reaction tank; and a treated liquid tank (76)

comun catt ng Y GG r5RL LN S6F B AFu PNl PR U o
for treas menkyibudh odrbferRbifibodindnt ifiulirtle! e Bhidbs dS hifhg Sai d devi ce

conprising: a treatnent housing defining a reaction chanber 7(102);

plurality ercbﬁﬂghla@hiﬁie%t ftshall be4inddistosb et tHeysdinthe hedifigd o fx housi ng
and extendi ng substanti al ry vertically therein; said plurality of reaction

pl at es bei nghe pactemlapshape fand sizerd the otdetionwhaatben bempgpsetdeTheen adj acent

reaction plates, said reaction plates having nqn-insul ated surfaces .
~t > J1 ~NDI =D ®ttam ends or portions of the blades may be tapered with respect to the

upper ends or upper portions. Tapering of the blades in this manner makes
10  the blades easier to remove and replace within a reaction chamber. Also,
while the blades of this invention are illustrated as being substantially
planar, it will be understood that the apparatus and method of this invention
do not require the blades to be of any particular shape. The major concern
with regard to the shape of the blades is that the blades will allow the liquid
15  stream to move through the reaction chamber in primarily an upward
manner so that gases produced in the electrolytic reactions can be removed
from the liquid stream. Therefore, it is not the intent to provide horizontal
or cross flow through the reaction chamber by the use of apertures or
openings in the plate, as is the case with many prior art devices. However,
20 it will be understood that openings or apertures can be a feature of the
blades of this invention which will not create the horizontal or cross flow.
For example, the plates could be manufactured from a screen-like material
wherein there are a number of openings or holes along the length of the
blade. Again, however, the purpose of these holes or openings are not for
25  inducing horizontal flow, but are rather for purposes of providing flexibility
in the type of material to be used as the blades. It is even contemplated

within the scope of this invention that a heap or pile of metallic material



12 J U N 2002 40 for direct contact with said flow of liquid and b
consuned over tine dug'to el ectrocoagul ation; 10 at jl east two rea 'EZGﬁUN 2002
plate tabs (106) integral with selected ones of said plurality of reaction

pl ates, said reaction plate tabs extending above a liquid line to prevent
said reaction plate tabs frombeing imrersed in the liquid; a top cover

(116) renovably connected to said treatnment 15 housing, said top cover

i ncludi ng means for sealing said top cayver with respect to said treatnent
housi ng to prevent |eakage; - a spout (120) comrunicating with said top

cover al | O‘A’E&Sld'betaéllgcéad @inth Metéﬂaﬂxb%?ifgggvﬂgiéfékf%lggﬂ 3 Cetd%si?édrermveo'

after treatnent; power source onnected to said at

I east 20 twelee&ewticqea&h@isetot@@@giaae Wittt iduigatifidésiraBleRérizahl fiel d for
el ectrocoagul ati on treahnent within said reaction chanber. 12. A device, as

clainmed in flost.m 11, further including: a filter (122) attached to said top
cover for filtering liquid prior to entering said spout. :, 13. A device,
as clained in cl & theipreferred ¢rabodimadnis)ithe spacing of dxsblademmayibegs( 110)
attached to said treatnent housing for housing said power source therein.
14. A mét hoslose as 165t b cleserdheiblades agg tagetharnthe; greater thearinge

el ectrocoagul at i o& conPai)' s'&)n%lt e steps.of-. provi %{nng a. reactli on chanber;
~j ~~' 1~ ~~~2Cagnade avai r§iggterseaguiation to occur wWithuya gyepYQIUMG) yrality -
of reactiongp| Lt hi Fo: i , h s, bei ng
vertically Eﬁggeté@g’atw? ﬁgdrsgf ﬁ%‘?ﬁé@%@’t@é’g&aﬁ&%’g%ggﬁf‘%er“%@@i‘f‘ IE'r eating gaps
bet ween adj ' ' | Wi a i I to

sel ected ongg 0 e%ﬁﬁﬁ%?é&?gﬁ'dfr& 0 h?tgggt#)%%eﬁ%?gge'?’(T)gdgr%’e%}?eﬁlgrﬁlg%gctri cal

field wthi ﬂk&b&hﬁﬁ@l@ﬁgiﬂ% couddBecur betwaés tidladed byl bidgnlo sfyslider tical ly )
thr~ugh the reaction .;chanber in the gaps between the reaction plates;

conductlong phsiciesomrcshudgeat Thathidkddse of tipublddet isedso 4 pravticsE t he reaction
pl ates to give up ions whereby the reaction plates are consuned over tine
and whi ch ceossidenation; thedhinner thedejades, he greates sutface gresayaiablgtfer by
o T 00 R roeoagulation treatment within 2 given volume., 1t the blades ateto 2"
thin, then their increased flexibility make them harder to install. Also, if
the liquid being treated requires the addition of metal ions from the blades,
15  then thicker blades are able to sacrifice metal ions over a longer period of
time before dissolving. As the blades dissolve, they look similar to a
window screen with irregular holes. The electrocoagulation process
continues as long as there is a surface for the reaction to occur. With each
of the embodiments of this invention, an adequate thickness of the blade is
20 1/8". The blades can be made of aluminum, iron, stainless steel, carbon or
any conductive material. The choice of blade material is based upon the
liquid to be electrocoagulated, the contaminants to be removed from the
liquid stream, the material desired to be left within the liquid stream, and
the material to be precipitated out as sludge.
25 In lieu of the insulated spacers 47/48 and 107, non-conductive strips

of material or washers may be placed between the blades. These alternate

type of spacers may be held in place by non-conductive bolts or other non-



adj usting the vol tage and anperage between the reaction plates b egh\jrlzﬁ\,%
. el'ectrical connectiofs between sel ected ones of the reaction plat 1402

constant line voltage. 15. A nmethod, as claimed in claim14, further
including the step of-. ,f applying a vacuumto the reacfiioa-chanber to
renove foamwhich is created in the el ectrocoagul ation of the liquid, or

vol atilized S conmpounds fromthe liquid stream 16. A nethod, as clainmed in
claim14, further including the step o25. fi Iterr ng the I |qur d stream prr or
to said passing step. 1 AME~fDED S| -1 EET '

2 J U N 2002ofiductive ﬁra%twdrh@gaﬁd@dgaeeg aeﬁtealﬁet&éen tuérma&és d@cl udi ng the
step of. filtering the liquid streamafter said passing step. 18. A nethod,
as cl ai med not abcdssarily havend berexacity paiatigl bhenifomp. Thepunping the liquid
stream through the reaction chanber. .; 19. A nethod, as clainmed in claim
14, furt her elastiogdagiatiorepracess sfflexibleohnd Bﬂ@pttgw a sutacearextsanber from

at m)spherr C pressuyre to maintain a desired essure vmthr n the chanber. 20.
A et hod, aPrevide Gantagt yith the liquid stream, agwlation | nt r oduci ng

et hod. LYiiptﬁ%ets?Eat'p%”' Gl ¥ Bractival e %Eﬂim%%'r,ﬁiws@e@ga BaBhbyi ng spent
eactl on, 21 85 Bk SEARPARLES, OB shBET DRTP R B B 7t Lo

| T god_tlj_cr ”goi‘@oﬁ{i’ﬂh}tic‘f@s to t?e Ilr qlil d st ream by~a venturi. ~Met~IDI =D

" Inthe ﬁrst second and fourth embodtmeﬂts the electrically

connected blades rise up past the liquid line and foam discharge, and pass

10 through the foam cover and top cover to prevent foam or liquid from
reaching the plate tabs. In the third embodiment, the top cover is removed
during treatment, but the plate tabs are still maintained above the liquid line
to keep them dry. It is necessary to keep the tabs dry so that corrosion does
not occur.

15 In each of the embodiments, the-electrocoagulation device of this
invention may also allow a portion of the liquid stream to bypass the
electrical field between the blades without sacrificing the ability of the
device to effectively treat the liquid stream. The liquid that does not pass
through the electrical field will still carry electrons because of the contact

20  with liquid that has passed through the electrical field. For example, since
the device of this invention does not require precision cut blades and the
blades are intended to be removable from spacers 47 and 48, a small
portion of the liquid stream could bypass the electrical field by traveling
through small gaps between the blade ends 49 and the spacers. Therefore,

25  effective treatment of the total volume of the liquid stream is still achieved
as mixing occurs naturally throughout the reaction chamber. Depending

upon the type of contaminants to be removed, some treatment devices may



~2J UN2-n~- 43 23. A nethod, as clainmed in claim 14, further 1K\

the steps of-. receivi ng) a constant AC |line vol tage) rectifying ?@‘L@N 2@92
voltage to a DC voltage;” 5 attaching electrical |eads carrying the
rectified DC voltage to a first group of the reaction plates; creating the
electrical field between the first group of plates, the electrical field
being of a first voltage and a first anperage; and reattaching the

el ectrical leads carrying the rectifie&® DC 10 voltage to a second group of
plates to create the electrical field within the reaction chanber wherein
the el ectri galy refjeiré ekpostire af a eanilichottibhafehe bstaldigid arithiather age di f f erent
fromsaid first voltage and said first anperage. 24. A nethod, as cl ained

i n cl ai m 23¢lettridahfield, and whémthettheatet apd ndm—trqatexak:llqtgdsaammxddrtduct ive plate
between the reaction plates to adjust the voltages and anperages of the

el ectrical effestsr suigblenreatment fort eloa(cmlljtqtarl \mlunmoiilquidart hér incl udi ng
the step of sting the voltage and a ge of th ctrical field by.
varying the@ﬁ?‘l‘ﬁ REY adshaym %qﬁ@g}“é%lﬁt'i%ﬁ eﬁYF qtﬁ 8 P’é 1hish the |i qui d

4" i Bher %'B?%%ﬂﬁﬁé‘? b gt eﬁreﬁyzq%ﬂséd?etpwaéass GpftdE” N O
> Biving, e B2 MR ARG A o Rk O downst T eam.

secondary separ§t|on o er a e I mpu of the

liquid stregfx&d agﬁn&ﬂbheﬂﬁbﬁgh Q&C}prﬁfaﬁrﬁ% fromthe-liquid stream 27. A
met hod, as clainmed in claim14, turther inclu |‘ng the step of-.
As briefly explamed above, the electrocodgulation chambers utilized

in the various preferred embodiments of this invention have the ability to )

10  transform the incoming rectified line voltage or power grid voltage to
optimize the electrocoagulation treatment. Traditionaily, prior art
coagulation devices use a separate transformer to take the incoming line
voltage, then rectify and transform the line voltage to a voltage or group of
voltages at which the reaction chamber can operate efficiently. In the

15  present invention, power is obtained directly from the incoming line
voltage or power grid, is rectified through a common diode or rectifier
within the control unit, and is then transferred directly to the
electrocoagulation chamber. Transformers of the type needed to transform
incoming line voltage to usable voltages within a reaction chamber are

20  extremely expensive and, therefore, add a major cost to the overall cost of
manufacturing an electrocoagulation device. Also, such transformers are
extremely heavy which makes transport and installation more difficult.
When a traditional transformer is used to lower the incoming line voltage
to a level acceptable for use in an electrocoagulation device, the amperage

25  necessary to treat the liquid stream must be transferred from the

transformer to the chamber at a lower voltage. Because electrical wires are

rated, or sized, based upon amperage specifically, and voltage generally,
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4. The amperage and voltage created within the chambe-r may
be controlled by connecting the incoming line voltage to the blades in any
5  combination as described above in Nos. 1, 2, and 3. As shown in Table 1,
this allows for a wide range of amperage and voltage control between the
blades.
A set of practical examples will now be d’éscribcd in terms of how
the electrocoagulation device of this invention may transform incoming - )
10  line voltage to the amperage and voltage needed within the electrical field. -
Referring to Figures 10 and 11, and Table 1 below, a reaction chamber 160
includes a plurality of reaction plates or blades. A control unit 162
provides the incoming rectified line voltage by means of positive lead 164
and negative lead 166. There are a total of 219 blades within the chamber
15  made of 1/8" aluminum strap, and spaced 1/8" apart. The blades of this
example could be approximately 6" wide and 48" long. Assuming that the
incoming line voltage is traditional three-phase 440 volts AC, a diode or
rectifier within the control unit 162 rectifies the line voltage of 440 volts
AC to 560 volts DC (according to standard formulas for rectifiers wherein
20  the rectified DC voltage equals the AC voltage multiplied by the square
root of 2 and minus 10% rectifier loss). The leads 164 and 166 attach to
respective reaction plate tabs above the liquid line so that the connections
are made in a dry location. Using Ohm’s law where voltage equals
amperage multiplied by resistance, and assuming the resistance is equal to
25  the distance between the blades with voltage connections, the following

table can be generated:
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Example | Blade With Positive Blade With Negative lmperage Voliage lnco’ming
5 No. Lead Attached Lead Attached ctween Between Line
Blades Blades Amperage
1 #1 #219 10 2.6 (560/218) 10
2 #18&219 #110 20 5.1 (560/109) 40
3 #1, &146 #73 & 219 30 7.7 (560/72) 9%
4 #1, 110, £219 #55 & 164 40 10.4 (560/54) 160 °
10 5 #1,87, & 174 #44,131, & 219 s0* 13.0 (560/43) 250
6 #1,73,145,8219 | #36,109, & 182 60 16.0 (560/35) 360
7 #1,62, 125, & 187 #31,93, 156, & 219 70 18.7 (560/30) 490
8 #1,55, 109, 164, #27,82,136,& 191 80 -21.5 (560/26) 640
219
Figure 10 illustrates the electrical connections between the control
15  unit and the reaction chamber according to example 3 of Table 1. As
shown, positive lead 164 is attached to blades 168 and 172, which
correspond to blade numbers 1 and 145, respectively. The negative lead
166 is attached to blades 170 and 174 which correspond to blade numbers
73 and 219. With this connection configuration, the amperage between
20  each of the blades is 30 amps. The voltage between each of the blades is

$%& '8 ;' @10, 10%& ()-!10%& ()-
@AL0Y% ()- @109 ()-:'' (a((()aB_ @10, 1B%H-& ()-L109%& ()- f
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7.7 volts (rectified DC voltage of 560 volts divided by the number of gaps
between pairs of blades having power applied thereto which in this case is
72). In other words, power is applied to blade numbers 1, 73, 145 and 219,
which effectively splits the chamber into three major areas denoted by

25  reference numbers 178, 180 and 182. Therefore, 219 divided by 3 separate
areas equals 72 gaps between pairs of electrically connected blades, and
560 divided by 72 equals 7.7. Also as shown in Table 1, the
electrocoagulation chamber will pull 90 amps from the incoming line

voltage source.
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Figure 11 illustrates the connections corresponding to example 2 of

Table 1, as shown, the positive lead 164 is attached to plates 168 and 174
corresponding to plate numbers 1 and 219, respectively. The negative lead
166 is attached to blade 176 corresponding to blade number 110.
5  Accordingly, the amperage between each of the blades is 20 amps, the

voltage between the blades is 5.1 volts (560 volts divided by 109). In other
words, the voltage between the blades is the supplied DC voltage divided
by the number of gaps between pairs of electrica‘fly connected blades. As
shown in Figure 11, placement of the electrical leads at blade numbers 1, )

10 110 and 219 effectively splits the chamber into two mqjor areas shown as -
areas 184 and 186. Also in this example, the electrocoagulation chamber
will pull 40 amps from the incoming line voltage source. Table 1 shows
eight different types of connections which can be used to obtain different
voltages and amperages within the reaction chamber. It is apparent that

15  other voltages and amperages can be created within the reaction chamber
by developing other connection configurations.

Table 2 below illustrates the method by which prior art devices are
configured for providing an incoming line voltage source to a reaction
chamber. As shown, an electrical connection must be made with each of

20  the blades within the chamber. A separate transformer then is used to
provide differing incoming line voltages to the chamber. As shown, the
creation of 2.6 volts between each of the blades requires the chamber to
pull high levels of amperage from the incoming line voltage source. This
greater amperage pull requires much larger conductors to be used for

25  transferring power to the blades in comparison to the apparatus of this

invention. Additionally, such a prior art device is more complex and
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connections required.

TABLE 2
PRIOR ART
5 TRANSFORMING BY ATTACHING LEADS TO EACH BLADE
i . . . Amperage Voltage Incoming
Example Blade With Positive | Blade With Negative
Between Between Line
No. Lead Attached Lead Attached
Blades Blades Ampcerage
1 0Odd numbered Even numbered 10 J»_S»' 2.6 2,180
2 0dd numbered Even numbered 20 5.1 4,360
10 3 0Odd numbered Even numbered - 30 1. 6,540
4 Odd numbered Even numbered 40 104 8,720
5 Odd numbered Even numbered 50 13.0 10,900
6 0Odd numbered Even numbered 60 16.0 13,080
7 0Odd numbered Even numbered 70 18.7 15,260
15 8 0dd numbered Even numbered 80 215 17,440

It is also contemplated that the device of this invention can be used
within hazardous areas. The electrical connections between the control unit
and the reaction chamber could be insulated in order to conform to
standards for explosion-proof devices. For example, the electrical

20  connections at the blades could be insulated to include an insulated coating
placed over the electrically connected blades to a level just below the liquid
line within the reaction chamber.

With the electrocoagulation device of this invention, the power
supplied to the control unit is set by the incoming line voltage, and the

25  amperage draw is controlled within the electrocoagulation chamber. The
amperage within the electrically connected reaction chamber can be
controlled by (1) adjusting the surface area of the electrically connected
reaction plates or blades in contact with the liquid stream; (2) adjusting the
distance between the electrically connected blades; (3) the addition of non-

-



10! 109%& ()- @ 109%& ()- 10% ()-, &10% ()-L10%& ()- _ 10%& () - 5t 3
10! @ ! 10%& ()-$109%&' ()-@ 109%& ()- !s109%&: ()-3109%& \)- WJNN]%BZ
S109& () - JKILLLLLLLXnb@10! ! Y) 1094JU& ()- 10 10 109g10%& () - 37109%& () -
@85! 109 () - -"10% () - LL* NOOQR} [ 9mb@ 10! e9! 1094JU& () -! 9! 1094JU& () - "10%
U& ()-! "109& ()-! "109%JU& ()-10% U& ()- RRRRRRRFSSUV7 10 , 109G& ()- 4
11098 () - LF10%&' ()-f&10%& ()- 10 U U 10 U U 10 U U ~9110% U
U& () - SSTCT~TTJUa?uV7 10!'S 109%3G& ()- BRLOYGE ()- 109%G& ()- 109G& ()- f
109G& ()-!'P f 109 () - JUpW- VWOWK, X- XaB77 10

conductive insulating blades; and (4) adjusting the conductivity of the

liquid by adding chemicals which either enhance or degrade the ability of
the liquid to transfer electrons. Amperage can be also be controlled by
providing a switch between the incoming line voltage and the reaction
5  chamber which cycles the power “on” and “off.”
| As a further discussion of (1) above, the amperage draw can be
controlled inside the reaction chamber by adjustmg the liquid contact
length of the electrically connected blades. Usmg Table 1, Example 1, a
blade 6" wide and 48" long draws 10 amps with a specific liquid. The )

10 amperage draw of the reaction chamber could be reduced by shortening
blade No. 1 or blade No. 219. The amperage draw would be reduced to 7.5
amps if blade No. 1's length was reduced to 36". The amperage draw
would be reduced to 5 amps if blade No. 1's length was reduced to 24".
Therefore, there is a linear relationship between the amperage draw and the

15  liquid contact length of the electrically connected blades. The amperage
draw can be controlled in the same way by placing a non-conductive blade
between electrically connected blades. There is no particular requirement
in terms of the placement of such a non-conductive blade; only that it be
placed between designated electrically connected blades. The non-

20  conductive blade will reduce the conductivity between the plurality of
blades in the reaction chamber in the same proportion as removing an
electrically connected blade from contact with the liquid. For example, the
amperage draw in the above example would be reduced to 7.5 amps if a
non-conductive blade of 12" in length were placed in contact with the

25  liquid in the reaction chamber between blades Nos. 1 and 219. The
amperage draw would be reduced to 5 amps if a non-conductive blade 24"

long were placed between blade Nos. 1 and 219, and amperage draw would
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which can be selectively placed at different levels within the reaction

chamber and aligned with a particular electrically connected blade. -The

blade could be secured to these vertically adjuséble flanges to effectively

increase or reduce the surface area of the electrically connected blade in
10  contact with the liquid.

In the first, second and fourth embodiments, the flow of the liquid
stream through the chamber could be increased or decreased to further
control the amperage within the reaction chamber. Generally, increased
flow of liquid through the chamber will result in an amperage decrease

15  because metal ions from the blades will be removed more quickly thereby
decreasing the conductivity of the liquid. As discussed above, the control
unit may be equipped with an ammeter to monitor amperage within the
chamber. The control unit can then control an increase or decrease in the
flow rate of the liquid stream through the device by controlling a valve or

20  variable speed pump upstream of the inlet.

In each of the embodiments, the blades over time may be coated
with a non-conductive coating or scale. The coating can be removed from
the blades by reversing the polarity of the DC power to the electrically
connected blades. Accordingly, this invention contemplates switching the

25  polarity of the DC voltage provided to the blades by the control unit
according to a timed sequence or based on increased amperage which

indicates lower conductivity due to the scaling.



f&MLOY&: ()- $MLOY: ()- ggghchhhhhdE:/ 10 10, 810%: ()- 710% ()- Z("?U§ 2002
f,5510% ()- " 310% ()- 1s10% ()-/ GLO% ()-hhhhhKii}rs4/ 10,10%

10% & ()-S 10% & ()-S109% & ()-!"(109BB& ()-!T (10%e& ()- 10ijfjjjk kdE4/

10, 10SNML0% & ()=, 10% & ()- 0S 10% v& ()-S910% & ()- &Y10% & ()- -SyL0% & () -
“kkk<l zI | mdE4/ " 10, 10$y 10% & ()-S'910% & ()- S 10% & ()-S

10% & ()- S@10% & ()- 10% & () - rr9nnooApoCprdYNC 10,1 10: 10:

10:f810% & ()- 7910% & ()- S/

10% & ()--110% & () - FSS&s10% & () - Dpl pr] pgqr}A?YNC 10, , SMLOY& ()- 109%& ()-
, 910%& () - S 10%& T )ord&Xofebiafi ke (zéry‘u%?h&%@?&esa&d(vbﬁhgém{am@! BYNC

10, , $10%& ()-y" ! 10%& ()- , 109%& ()
only nine blades are required to have plate tabs. Since the blades are-easily
removable, the blades or plates having tabs can be moved to the desired
locations within the reaction chamber. The foam cover that slips over the
5  top of the blades through slots cut in the cover will expand allowing the
blade to pass through. When a blade is removed, the foam cover will
expand to form a water tight seal at the slot.
For the first, second and fourth emboditﬁéilts, although a top cover
is recommended for safety purposes, the devices will operate without a top )
10  cover as long as the connections of the electrical leads occur above the
liquid line, thus eliminating typical corrosion problems associated with wet
electrode connections.
In accordance with the method of this invention, treatment of a
liquid stream may be achieved by exposing a liquid flow to an electrical
15  field. The flow of the iquid is an upward direction which allows for gases
which are produced in the electrolytic reactions to rise to the surface of the
liquid line and escape to the atmosphere. The bulk of the coagulated
particles are carried to secondary separation and any remaining particles
fall by the force of gravity to the lower portion or base of the chamber for
20  subsequent removal. The amperage and voltage of the electrical field
within the electrocoagulation chamber may be varied by connecting the
electrical leads to selected plates. Prior to entering the chamber, the liquid
stream may be filtered, or appropriate chemicals may be added to enhance
reactions within the chamber. As necessary, a pump may be used to force
25  the liquid upwardly through the reaction chamber. Alternatively, the
electrolytic reaction may take place in a sealed enclosure such as a pressure

vessel which may eliminate the need for a pump if the liquid stream is
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source of vacuum is applied to the chamber. After the liquid stream is
exposed to the electrical field and the electrolytic reactions take place, the
liquid stream may be further treated in a development chamber and may
undergo secondary separation. The turbulence of the liquid stream may be
increased prior to entering the chamber in order to enhance the electrolytic
reactions. Also as necessary, a recycle line can'i)e provided to recycle the
treated liquid stream in order to provide further treatment.

By the foregoing, the advantages of the apparatus and method of this-
invention should be apparent. The electrocoagulatio;l chamber has the
ability to transform incoming line or grid voltage to the voltage and
amperage necessary to optimize electrocoagulation treatment. Since the
chamber is of simplified construction, the liquid stream does not pass
through a torturous and winding path which therefore eliminates much of
the liquid pressure. Since the liquid stream travels in an upward path
through the chamber, gas which is formed in the electrolytic reactions may
form as bubbles and rise to the top of the liquid level for easy removal.
Additionally, the bubbling action of the gases in the same direction as the
liquid flow prevents gas buildup within the chamber which further reduces
pressures induced on the blades. The blades of the apparatus are easily
removed by the use of spacers which simply align the blades with respect
to one another in a vertical and side-by-side fashion. If desired, the
chamber can be placed in a sealed enclosure such as a common pressure
vessel which eliminates the need for a pump if the liquid stream supplied is
already under pressure. The apparatus of this invention may be configured

in a portable or travel unit which makes it feasible for use in austere



10@B10%&' ()- @10%& ()-y4!' 10%& ()- @-910%& ()-y+GLO%&' ()- &7: E‘aﬁYUE'N

| @10y10% & ()-S10% & )y y 10% & ()- yl0% & ()- 10% & ()-!; 2002
310%ixuxé& () - Ep. dEYNC IélOyLlO%& ()-110% & ()-y310% & () -

y10% & ()-y&10% & ()- 9Y10% & ()-. uNdEYNC ! @106 10% & ()- 5:40% & () -
y-10% & ()-+310% & ()- y$MLO% & ()-s" 10% & ()- "~ _@! @LY 10%& ()-

MLO%&' ()-10%& ()-!13m0%& ()- 10: 10: 10:810% & ()- ~GaB~ @

| @1L: 109&' ()-tf! 109 ()-y#10%& ()-310%& ()-!10%& ()-&$109%&' () - LQdE~

| @B1- L0%& ()-S+109%& ()- (#10% & ()- @ 10%& ()-s$L10%& ()-f" 109& ()-

! @! F&loo/%‘gidftlonsa PR ely, f dipalftuS bPHEs idventBhdEy bt mdde P& ( )

NP} <_
much larger scale which makes it feasible for use in an industrial setting

where greater volumes of treated liquid are required. The blades can be
removed individually, or can be removed as an entire set which adds to the
5  versatility of the apparatus.
This invention has been described in detail with reference to
. particular embodiments thereof, but it will be understood that various other

modifications can be effected within the spirit and scope of this invention.
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1. An electrocpagulatidn treatment device for treatment of a

flow of liquid compﬁéing:
a housing (12; 74, 132) including inner surfaces defining a
. reaction chamber, said housing having an upper end and a lower end;
5 an inlet (28, 82, 138) communicating Wlﬂ.’l sa1d housmg at’
said lower end to allow the flow-of liquid info said housmg;
an outlet (37, 98, 144) communicating with said housing at
said upper end to allow the flow of liquid out of said housing;
a plurality of reaction plates (26, 90, 134) dlsposed in said
10  housing and extending substantially vertically therem said plurahty of
reaction plates being spaced apart from one another creating gaps between
adjacent reaction pl_at;:s, said flow of liquid being in a flow direction
upwar& through said gapé between said plurality of reaction plates, said
reaction plates having rioﬂ-insulated surfaces for diréct contact with said
15  flow of liquid and to be consumed over time due tdelectiocoagulation;

at least two reaction plate tabs (27, 92, 136) integral with
selected ones of said plurality of reaction-plates; and

20 a control unit (54, 94, 150) electrically connected to said at
least two reaction plate tabs, said control unit providing a line voltage to,
said tabs in order to create an electrical field for clcctmcoagulatlon

treatment within said reaction chamber.

2. A device, as claimed in claim 1, further including:



F' 10% ()- 108&&{dJ234zXJ<C 1f 9K 10 1
10! > $! 10%& ()-LI M $! 10988& ()-L! " $! 10%& ()-L! 10%k& ()-n!! 10%& (3 -Mbb?ﬂ%
2C 1109&' () -, s10% ()- ~109& ()-F10%&' ()- FF10% ()- @i FF10% ()- @

10) WME2C 110%! 109& ()- S109%& ()- SL0%*& ()- 109& ()- Z109%& ()- 109%& () -
n4dE2C 110%f5 | 10%&' ()- ,-109& ()-f,:!109& ()-$s10% ()-y" 10%&' () -

s109%& ()-4}~ @9z109%& ()-, 10% ()-!3 F10%cé& ()- 10 10 10@910%& () -

, FTMLO% ()- ?' ndE~_@" 10%& ()- , 109&. () - OMLOY%E () -, @L0%& ()-, 10%& ()- @
109&' () - nb$HIE~ @ @: ! 10%& () - , - MLOY&!' é-y, 1 109& () -

, $109& ()-"10%& ()-,10%& ()- ()*+=@~_=!SI'10% | & ()-109%& (f) l4y: 109%&' () - @
10 10 10@10%&' ()- @ a foam cover (40, 84) placed over said plurality of reaction

71098 ()-~(*&nwX6~_=! @ ! 109%& ()-gf:! 109 ()- @f:!10%ld& ().-@S! 10%& ()-! S
! 10%<k<(&') () ( P@gltév%%sd@t( gast byg fi&%%@lese-tﬂ $%@m %l@l(gql Sa% fogm 0

10! 9S-1 109&' ()-9L S-! 109%&: (). 9@, ! 1Q%&' ().- gRBAEr P1S 10% 10% 0&' () -
0S10% o0& () 98"3‘0%’88“{“}‘3%0&1’0‘%%‘2{”‘%@ ‘{‘%33806’& S@}&@{%G}g%@- ( ? - B(RZZI Er P1S
109 MLO% 0&' () - S! 10% o0& () - S3ML0% 0& ()- @ 10% o0& ()- @0% o0& () -
3"10% o0& ()- d5~dEr P1S 10%5- 10% 0& ()- ,, 10% o0& ()- S& 310% o0& () -

3. A device, as claimed in claim 1, further including:
a top cover (42, 86) placed over said housing to prevent the
electrical connection between said control unit and said at least two tabs
¥ .

from being accessed inadvertently.

4. A device, as claimed in claim 1, wherein:
said housiﬁg further includes an dpen upper end, and said
treatment device further includes a collection chamber (22, 76) connected
to said housing to provide storage for the flow of liquid through said open
5 end

5. A device, as claimed in claim 1, further including:
a drain (38) attached to said housing at said lower end thereof
to allow the removal of sludge or other particulate matter which may build

up within the reaction chgmber during treatment of the liquid.

6. A device, as claimed in claim 3, further including:
a foam extraction tube (44, 142) communicating with said top
cover; and
a source of vacuum communicating with said foarﬁ extraction

5  tube to remove foam which is produced during treatment.

7. A device, as claimed in claim 1, further including:

AMENDED SHEET
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adjacent reaction plates, said reaction plates having non-insulated surfaces
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in the liquid;
a top cover (116) removably connected to said treatment -
15  housing, said top cover including means for scaﬁ;g said top cover with
respect to said treatment housing to prevent leakage;
a spout (120) communicating with said top cover allowing
the liquid within said reaction chamber to be removed after treatment; and
a power source (112) electrically connected to said at least
20  two reaction plate tabs in order to create an electrical field for

electrocoagulation treatment within said reaction chamber.

12. A device, as claimed in claim 11, further including:
a filter (122) attached to said top cover for filtering liquid

prior to entering said spout.

o
13. A device, as claimed in claim 11, further including:
an accessory housing (110) attached to said treatment

housing for housing said power source therein.
14. A method of treatment of a liquid containing impurities by

electrocoagulation comprising the steps of:

providing a reaction chamber;

AMENDED SHEET



ys$10% % & ()- " 10% % & ()- !<? vU4l0 s& 10%1%& ()- s& 100 dﬁlﬁﬂ-
Y109898& ()- Y: 1098%8& ()- @0 % 10 % 10 % 810% % & ()- j | mby] 18002
909K && ()-ml03%B810398103%3 +)L1098Y8& ()- S& 109dd& ()- ~s& 10%">& () -
1s& 1098$3& ()- }*|[:bU410 ,109%&& ()-3 yl09%K&& ()- y 10%K&& (J- ..y
S10%K&&' ()- YGLOYK&E' ()- s 10%K&&' ()-*p%|[:bU4l0 sS10UK&E' () -

, 3109K&&' ()- f109K&&' ()- @LOY%K&& ()-  109K&& ()- ' 109 9% & ()-d|[:bU410
y/ 109K&&' ()- -!109K&&' ()- s*109%8& ()-y @S 109K&& ()- ! YL109%K&& ()-MyS
109K&8&' () - #&VU4A10 &10%*& ()- , 109%¥ & ()- 39810%*& ()- 10k&10K&10K& |
7109%&&’ ()- L3nMLO%&& ()-co|[:vU4sl0  ySl0%*& ()- ,z10%*& ()-

C109%* & () - @B10%* Sarrynging-allusality Of reactivhoplates Within shid feaotis 0

L' mlo%*& ()- | %@o%*& ()- !10%*& ()- MLO%*& ()- 9:10%*& ()-
Yz10%5 & (ghamber, the plates beingverticaliy dispusecgtherein ogd gpqrf from

0Z10%*& ()-  .-10%*& ()- * 10%*& ()-3 . .

) 10%* & ()9Rg motberﬁrgagnéﬂﬁ%bﬁtm%f&a&at Toretign plafeso+ 1008 () -

—@0%*& () - %r & () - Uw%r& (Y-, H'K'""" : “109%* & () -
20%9 8/:?( 3& i (-G g@oe{gpl(}g"m(g 2 coistast l‘lgf)e(eoltagel%o selectad xlylgésbo%g 10%c& ()
plurality of reaction plates to create an electrical field within the reaction

chamber;
10 passing a liquid stream vertically thrﬂpugh the reaction
I
chamber in the gaps between the reaction plates;
conducting electrocoagulation of the liquid stream to cause
the reaction plates to give up ions whereby the reaction plates are
consumed over time and which cause impurities to coagulate;
15 venting gases created by electrocoagulation to the top of the
reaction chamber by buoyancy; and
adjusting the voltage and amperage between the reaction
plates by changing electrical connections between selected ones of the

reaction plates and the constant line voltage.

15. A method, as claimed in claim 14, further including the step
of: A
¥
applying a vacuum to the reaction chamber to remove foam
which is created in the electrocoagulation of the liquid, or volatilized

5  compounds from the liquid stream.

16. A method, as claimed in claim 14, further including the step
of: "
filtering the liquid stream prior to said passing step.
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3410%&& ()- s0 1Yougd method, as claimed in claim 14, further including the step

of:
filtering the liquid stream after said passing step.
18. A method, as claimed in claim 14, further including-the step
of:
pumping the liquid stream through tl’%e reaction chamber.
S
19. A method, as claimed in claim 14, further including the step
of:

1solating the reaction chamber from atmospheric pressure to

maintain a desired pressure within the chamber.

20. A method, as claimed in claim 14, further including the step

of:
introducing an additive to the liquid in order to enhance
electrocoagulation.
21. A method, 25 claimed in claim 14, further including the step
of:

removing spent reaction plates and replacing the spent

reaction plates with new reaction plates.
22. A method, as claimed in claim 14, further including the sfep

of:

introducing an additive to the liquid stream by a venturi.
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rectifying the AC line voltage to a DC voltage;
5 attaching electrical leads carrying the rectified DC voltage to
a first group of the reaction plates;
creating the electrical field between /tl_hc first group of plates,
the electrical field being of a first voltage and a first amperage; and
reattaching the electrical leads carrying the rectified DC
10  voltage to a second group of plates to create the electrical field within the
reaction chamber wherein the electrical field is of a second voltage and a

second amperage different from said first voltage and said first amperage.

24. A method, as claimed in claim 23, further including the step
of:
placing a non-conductive plate between the reaction plates to

adjust the voltages and amperages of the electrical field.

25. A method, g claimed in claim 23, further including the step
of:
adjusting the voltage and amperage of the electrical field by
varying the surface area of the reaction plates in contact with the liquid

5  within the electrocoagulation chamber.

26. A method, as claimed in claim 14, further including the step
of:
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27. A method, as claimed in claim 14, further including the step
of:
preventing impurities from adhermg to the reaction plates by

reversing the polarity of electrically connected reactlon plates.



