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20:-JAN*2004 | WASTE WATER TREATMENT METHOD AND APPARATUS FI ELD OF THE

“I NVENTI ON The present invention relates to waste water treatment nethod and

apparatus and nore particularly, the present invention rel at8 Jad 004
separating contam nants from an aqueous sol ution using nass transfer

t echni ques and el ectrocoagul ati on. 10 '‘BACKGROUND OF THE | NVENTI ON The
probl em of separating or renwASTE WATERTREATMENTT om aqueous systens has
been a conplication that th ver for many decades. To
this end, the art developedeﬁﬁﬁﬁaﬁigwﬁﬂfgl ndustrial processes as
wat er contam nation. grew comensurately with industrial progress.
Initially EL%?SHEWIQ@EIWIB‘N was sinply a matter of adding materials .
swtable ucing precipitation of certain materials, filtration, ion
exchange and other processes. Wth the continual increase in strict
requirenents QU ,eLERMYRLA ! y@ﬁ ) Lo, favor.
Broadly, the use o% e'c tro eagte%oiﬁ%éé%g&t@?ﬁa%é&f dlyn ly&r‘atBJ ecct ed to

el ectri c"@(ﬁ?@iﬁu'aﬂiﬂs"h? etﬁﬁwtﬂwem@nueleieelto $qnaratinggamntargngﬁ$ fren@nsqessnt ai ni ng
20 cont aeun@ammglrﬁhs%%fmééram%an@é@&rocyary fatiGper ations were conbi ned
with this treatnent process 1n order tore é’ I nert compounds. One of the
references that was selected for reviewis United States Patent No.

1, OR5, 89BACKEROUND OFIMEINGERTIONRY 5, 1914. This patent relates to

el ectrochem cal treatnent and in this patent, the patentee has identified
t hat such cells are useful for the treatnent of water. As stated in the

“di scl osure el v prolem opseparting br refovinty ammanﬂe ﬁomraqeédae lsy@bhONSs BHeh

usef ul Ll pl terial. ddi t I di th
2ot t hat SopleefihefiRethadloman Suimpr v Aegiiep. 16 e Mot t i ng
(f 1 occi ndgveldpet along Ritiofurthérdndlistial procysses miuateut@ﬁtaa%aitlbﬁgrewhe seri es of-

| ectrod h t th th t
o et ORI g3 D YR 2 e U e, B
added t oadidingomatedainguiiahle fortindweing ipeecipitatiopLof béraiminatedais, fittratibi, :qnee>¢chmiges of
the Iiquigy ﬁiﬁertﬂ'r&égggs 'Vﬁthth&chﬁﬂﬁeﬂ irWréJ%e iri‘%?rlct?e%gerit&qgi%r clean ate; is also as

, that the e

stated in the text at co és are In t 'f orm of
hor i zont 8BFYP enesysyy avas prougeigntafavor-hBroadingheuse of slastigdesdlisppend Vdéidt ai th

- apert ur egelMiHd&linjeéiBY tdifectrRituFraht Wasabiring 86 u%fﬁlboﬁt%tu%ﬁﬁn@é n?%grtr?g{] nating

series of other plates have recesses at their ends
di g& osufn %’f"ﬁ‘t"é . In some instances, other unit operatlons were combined with this treatment

process in order to render inert compounds. ° e

One of the references that was selected for review is United States Patent No.
1,095,893, issued to Landreth, May 5, 1914. This patent relates to eiectrechemical treatment
and in this patent, the patentee hae identified that such cells are useful for the treatment of
water. As stated in the disclosure electrodes of copper', aluminam, brass or other alloys are
useful as cell plate material. In addition, the disclosure discusses the fact that settling tanks
may be useful {6 assist in material settling (floccing). Column 2 of the disclosure indicates -

30 that the series of electrodes are arranged so that the wate'r passes up through the apparatus
and is forced to “. . . to fake a circuitous course whereby any material added to it‘ orfoundin -
it may-be thoroughly mixed and all particles of the liquid be brought into contact with the
electrodes . . . “ It is also as stated in the text at column 2, that the electrodes are in the‘
form of horizontally disposed plates a'nd that the' plates may be provided with apertures which
may be centrally arranged with the plates of alternating series of other pIates have recesses
at their ends. Column 3 of the disclosure states:




20 JAN 2004 2 'To provide for the proper passage or circul ation of the

'liquid between plates 14 and its novenent throughout the apparat us,

alternate plates are provided wth apertures indicated at 1428 waklxut he
internedi ate plates have their cut- away corners notched or recessed as at
14B as clearly illustrated in Figures 8 and 9. By this neans, the liquid
under treatnent is diverted inits flao and caused to contact with the
entire surface of the respective plates, insuring the desired electrical
treatment." AfTarseidde fonthe pipSThassagecorickculation of the diquid befveercipiateg t he
procedure for 1ghgskd ﬂsmngﬁ}'ou%go& g,.gaﬁtpgg,%; s%lte%‘ieﬁﬁiate& Q,Erpg?‘)&erdno i ndi cati on
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taught in thi SaL&aﬂﬁﬂfontdcﬂwMﬂhé BHLIrSka RS oPBleBpebive plotds PrsIthg tnd Ssued to
Landreth, Jul varjation on what has been discussed in the

previ ous pate ?S’rleg éﬁ%’cé"gﬁftﬁ’en‘rn this reference, there is a clear

I ndi cation that the el ectrodes are of adlfferent polarity and that a

sui tabl e pole n WI tch S nunber 26 in the
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wi th a dissol ved gI I eve tus would
not be pa‘P‘étf‘i?l]?'HF?felMﬁ“Bhtsthtsélﬁefllo handling a w de variety of contamni nant
types (organic, - inorganic, conbl nations thereof, etc.) In a further

ref erence issu to Landreth ‘fﬁe%/ United States Patent No. 1,131,
131, 067, i ssdtPiRpsEfpsda e_[’é_hL’B T.746$42. ssued taiLandiathi iy 2% 1916, avebalieoni ng

treated bnghdtthad Beerf disdusssd lﬁﬁetﬁr@ﬁdu%%fenbié sbh@rtﬁpﬁétﬁ@?éf&eﬁc% ’M%H |s%5 a
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recrrcul ation o e materl
another set of plates act as anodes during this period of time. This reference advanced the

art by providing a reverse polarity afrangement for changing the polarity of the individual cells
within the unit. The reference, similar to its companion, is deficient on appreciation of
countercurrent oxidation with a dissolved gas. Further, it is believed that this apparatus'
would not be particularly well suited to handling a wide variety of contaminant types (organlc

_ inorganic, combinations thereof, etc.)

In a further reference issued to Landreth, namely Unifed States Patent No. 1,131,067,
i_ss'ued March 9, 1915, thereis a discussidn of réintro_ducing treated liquid fof further -
30 treatment by the apparatus as well as a discussion concerhing oxidizing treatment or a
treatment for the production of flocculent formed either from the metal electrodes or fi'orh
- simple chemicai reaction or the latter stimulated by electric current; or ahy other treatmeht.
At column 2, beginning at line 25 et séq., discusses recirculation .of the material for furfher :
* treatment in the apparatus. ' ' ' '




treatment in.the apparatus. 2 0 JAN 2004 3 Preis et al., in United States

Patent No. 3,728, 245, issued April 17, 1973, teach an apparatlt?sﬁfjgﬁ| 004
treati ng sewage i ncorporating a series of electrolytic plates r e2
purpose of el ectrocoagul ation. The patentees discuss a need for

mai ntai ni.ng pressure in the circuit so 3zthat chlorine and.:ozone are

mai ntai-ned in solution in order to enhance bactericidal action. This

reference advanppedsegl‘;u]e léif{méé'z%‘{a%%?q 19%(.35299@3&}6 fAé’?;LWcég 3aq%gcﬁlégélhng an

oxidant. to enh GE ,?
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. Mat sudaira Yum maalo%qté%eéﬁloiff\ﬁﬁ?fbﬂﬂ“mﬁnﬁtmaltl on device which pressurizes
wat er and injects ozone along with a coagul ant The gas dissolves in the

ceparation Bﬁa?*‘f“ﬁgﬂ“%"a%%f%ﬁfs el Yol i N s, ivmesipt he
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wat er insof ar tf?gp Cviad Sstes Paignt-Nowt 5,928r@3:t 96 OBY, 5576 Q06drdas40812, he

pressurized tank84430R, 2547,050bial £611,90annot be effected.” The electrolytic
\processes were found to be generally useful, however, the cellular design

was such that tlapanedeatdsramdes,30f, Q'ﬁ%lrlss‘ﬂéﬂ% ‘ﬂda@ﬁﬁ&ﬁ%&ﬁb&&&os aWaltér?)grr af) o
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many of the pl a(}lssolves 40 e)1(~| S tb ﬁ’ﬁ

not provi de any ff?e £ 'B8h ﬁ‘ﬁ"él‘i’%"éls fedfor fipatingayater tanks 1tk enrtlesf or e
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. higher cost  ofcufrtiiing ghetdh§ s@&@bdion IF theGrd¥BurRLa hilEw ikl Lpgnents due
to debris buil dgpeedt has al so been pr%oposred to elnpzf{ﬁmg %gﬂﬁl{ air
flotation systens One such arrangenent is nade by the Precision
Envi ronnent al Systens Conpany. This conpany manufactures devices which are

useful for fl octhaklatticdyticanstesengst Ao bigktekdly WRFuSRR VAL celfll SeshRi t 15
was such that the electrodes often would accrue debris and, therefore, would change the
requirements of the current of the cell. In addition, many of the plates in the existing
arrangements were fairly large and did not provide any improvement to enhance the

7 _ surface area to therefore increase the number of reactions with the contaminants to be
(;% o g::;i :: gtlise“;::tﬁrl nth;sn :1; ;cg:rse leads to lower degree of interactions and a higher cost
_ e current requirements due to debris buildup.

It has also been proposed to employ dissolved air flotation systems .One such arrangement
is made by the Precision Environmental Systems Company. This company manufactures
devices which are useful for flocculation and coagulation within the same unit. This unit is
quite useful for the purpose for which it was designed, however, the arrangement has an

extremely large footprint and does not provide for different chemical processes to occur
within the same unit.

Of the more desirable arrangements that have evolved in this art for water treatment are
perhaps the use of dissolved gases for the purpose of oxidation has been moderately
successful. In the art that is currently known, typically oxidation cells are open to
atmospheric pressure where a gas dissolved in solution is allowed to evolve out of the

solution. The arrangement in the art provide a tortuous path or other applied force in order
to ' ’




guiteruseful for the purpose for which it was designed, however, the

‘arrangenent has an extrenely large footprint and does not provi de for

di fferent chem cal processes to occur wthin the sane unit. ztdﬁg @
desirabl e arrangenents that have evolved in this art for water tre f‘

are perhaps the use of dissolved gases for the purpose of oxidation has
been noderately successful. In the ar4 that is currently known, typically
OX|dat|on cells are open to atnospheric pressure where a gas di ssol ved in
sol ut i on KPP the PuRReE i §olelian apdona s ressiblae This bhsithe @dvantive ofiprosidpgeent in t he
art provirdRtich $iRl(thé@uadeadf thetu | e%}fﬂ 2 0 JAN
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sol ution h anci ng the degree of interaction of the bubble
surface WI ?&Stﬁéé%mt?@'rnﬁgﬁ to be oxidized or otherw se decontanm nated. |t

woul d be desirable if there were a process mhereby a gaseous oxi dant coul d
or ot her confined area under
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with the cont z;m nént s to ngg%%gﬁg?gs&'@&dﬁ@ rt%ﬁ%mggﬁ{% gaane ontrol of

t he bubbfEUUON FLorderHa Pravidedhs smfﬂ'e%trw%#le bublygsrand thetefor the greatesimpssibaS S
transfer dé@ﬁmmusmeaﬂeh foRFbMBIRASHN AN @&Edﬁﬁhrﬁ%%%?&%@ﬁ aﬁ&’?urt‘h@re separation

of cont amg nant s roquT r}E %ﬂjgeous solution 20 where the oxidant s maintained
in solutf'ii ﬁ thtd e by S¥§ it is desirable to allow the pressure to be
reduced and the oxidant to cone out of solution. SUVWARY OF THE | NVENTI ON
The pres_ent invention is directed to broviding a mass transfer mechanism and
advanced oxidation technologies for the eeparation of contaminants from an aqueous solution
20_ where the oxidant is maintained in solution until such time as it is desirable to allow the

_pressure to be reduced and the oxidant to come out of solution.

2 ~ SUMMARY OF THE INVENTION

One object of one embodiment of the present invention is to provide an improved

method of separating contamlnants from aqueous solutlon A countercurrent mass transfer
mechanrsm is employed.

~ Afurther object of one embodiment of the present mventnon is to prowde a contlnuous
30 method of separating contaminants from an aqueous solution comprising the steps of
~providing an aqueous solution containing contam:nants, _
prowang a closed reservoir having an inlet and an outlet, the inlet at a higher
~ elevation than the outiet;

introducing the aqueous solution into the reservoir;




One obj ect of one enbodi ment of the present invention is to provide an

'improved method of separating contanmi nants from aqueous sol ution. A

countercurrent mass transfer mechanismis enployed. A further object of
one enbodi nent of the present invention is to provide. a .conti n&thANEEDm.
met hod of separating contam nants from an agueous sol ution conprising the
steps of. providing an aqueous sol utiof containing contam nants; providing
a closed reservoir having an inlet and an outlet, the inlet at a higher '
el evation thaﬁntra‘rimng)@n bxdant intetthe dqueiongsdldtienaqueous sol ution into the
reservoir; ' OXId.a t into t aguepus

sol ution; nai nh"tazgillt n?lrj%%g% pgﬁmg’f%@é %é%r%%ﬁﬁggeg e’ omlf“tq’ézerbé’g@F?%FP%'B

m ni mi ze oidamietherepy meximizecavaipbieisunface ared btbubbles whoviidankeittathai | abl e surface
area of QHR%%%n@ﬂnmélag@é&s%m nthe contami nants in the aqueous sol ution;
oxi di zing the contam nants; an sel ectively inducing a pressure

di scont i nui tyo’é%'ﬂ&ﬁ‘@(?@ﬁtaﬁ!"aﬂﬁeaﬁdeserv0| r to fl occul ate oxidized

contam nants k&lbdivaly FRD&RPH Brelbipe @ls&frﬂﬁ&rfy@tr hé REISPIRIJ)IPRJ ﬂoWL}Ian respect
to the oxidant, ozone is one of the pref erre nts or use in he 10

present PNYEed FURMIRRARIR Biga sqparajg P’Pasﬁé’O'F‘é%m?qLVO'éﬁp?ﬂ“é@ﬂ ated that any ot her
sui tabl e oxi dant could be used such as chlorine, brom ne, hydrogen

per oxi de, sui | e nltrﬁ_l ngounds inter alia. It has been found that by
effectively pl8UIEPRY 1afeoxidant ezpng s one\nk thedueigmed exidntsdoraiseni thehat

ef frct | vare@mt(llabnmm btﬁwévhe |t®mrﬁ@rl§hm@lhbpz@aiﬁteb%aiﬁm &H@%ltﬁ'@oi:@a%%d{ﬁﬁ r may

al ternatively

b | at,
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an aqueous solution. In the instant methodol ogy, the inlet is disposed at

hi ghe I he. i i
antr 81 ned gasabaeoeen A o9 Bebhe bl o oRR oot i SR AT ang,

t her ef or that gffqclivea@iidatiomofdhe cantansinant carebe achiaveer The tekervdicmayibeanisolaeliut i on
to be tregdnihr, tibe iR ARl %h&!ﬂo@al&%& |y29n tmgn&% & ff&ﬁ,%%nefo' n the

chanber reservoir container, etc eous oxi dant Tsohal ntained in
sol ut i onSUHRITANRER EPMENt Al COHHNEYS i 'Wﬁﬁlla;qum splubien e dhenastkm dnetiesiolops,  si nce

t he . the inlet is disposed at a higher elevation than the outlet. In this manner, the incoming
entrained gaseous oxidant is forced downwardly through the solution and, thereforé, Wiil act .
in a countercurrent manner with the aqueous solution to be treated. By maintain'ing'a super-

20 atmospheric pressure in the chamber reservoir container, etc., the gaseous oxidant is
maintained in solution and in very ﬁnerbﬁbbles. This has produced marked results, since the

smaller bubbles provide a significantly improved surface area for contact with the

} contaminants to oxidize the latter. This is achieved by control of the pressure into the

reservoir and the pressure at the outlet thereof. In this manner, the pressure is effectively
adjustablé and can be customized by the user. This is in marked contrast to the pﬁor art
~ which effectively provide open vessels and, therefore, allowed the pressure to equalize at
atmospheric pressure and simply provided cbnvolutec_l or otherwise tortuous paths through |
which a gas was forced. The concept in the prior art was to provide the -toftuous path in order '
_ to try and keep the bubbles. in solution and, therefore, at least partia!i'y in contac_f with the
30 material to be treated. The technique of the prior art is effectively an aeration technique

where a gas is forced through a _solutioh for oxidation purposes.

The differance in the instant application i is quite pronounced and results ina

significant advance in th:s art. It has been found that by mamtalnlng the pressure W|th|n a |




snal | er' bubbl es provide a significantly inproved surface area for contact
‘Wi th the contam nants to oxidize the latter. This is achieved b§ control
of the pressure into the reservoir and the pressure at the outl é dAvereqf.
In this manner, the pressure is effectively adjustable and can be '
custom zed by the user. This is in nmarked contrast to the prior art which
effectively provide open vessels and, ¢herefore, allowed the pressure to
equal i ze at at nospheric pressure and si nply provided convol uted or :
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sel ecte seq 3, apg misy” RIEFRSE QL perakipn s apPesed tha controdied Prpeaspos es The

i nstant whiskealse resultsinaRsofmdtion bf a HbtEndeeRRRas b sdiltRnoxi dant within the
chanber and facilitates countercurrent contact with the oxi dant bubbl es

and aqueous solution and further allows for user selected pressure _
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t oget her lE)row de an effective contam nant aratron process, which is
i ndi scr |9‘?"Pf8 igptly. BProyding gregeiie seRtiphigtthe rpmegamrgetapf thegesanvay. relativatto ites  not
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In order to augment the mass transfer process sét forth hereinabove, it has been ’

Ty found that the combination of that technology together with electrodoaguiation produces

‘ super results and sighif icantly reduces the limitations and problems associated with the art.
In effect, as a further object of one embodiment of the present mventlon ‘the control provided
with the gaseous oxidant system could be unified with the- benefi ts of electrocoagulatlon '
Accordingly, as a further object of one embodlment of the present invention, there is provided "
a continuous method of separating contaminants from an aqueous solution comprising the
steps of:

30 . providing an agueous solution contamlng contaminants;

' prowdmg a closed reservoir having an inlet and an outlet the inlet at a hlgher
elevation than the outlet;

positioning an electrocel with the reservou" for applymg an electnc fleld fo the aqueous |
* solution; ' |




™
b’

ttheé smafl est possible bubbles in the highest possible density with the
great est possible duration in solution. These features together with the
principles of electrocoagul ation 20 contribute to the success of2Bhan 2054
protocol set forth herein. In order to augnent the nmass transfer process
set forth hereinabove, it has been found that the conbination of that
technol ogy together with el ectrocoagul atifon produces super results and
significantly reduces the limtations and problens associated with the art.
In effect, as a P{RIUAIEY thetfjoeeeussplubpreintrthotisemait; of the present invention,
t he cont roI prOVémg,ng%m,dgm%tg%e&g o0 glﬂgﬁ system coul d be unified with
t he benefits of el ectrocoagul ation. ccordingly, as a further object of
one enbodi nent dT'a"E'tﬁ@'"ﬁrsé%%rﬁm‘l“ﬁﬁv%rmnfmuretlhthee'etis%vqn’rtemlmteldebulnmms:zmofohls

met hod of smnatoltﬁeemﬁameawhsmésemca%r@a%%emeééf'o%ér%nﬁ%Dr' sing the
st eps of : an acL ueous sol ution contal ni ng contam nants;

rovid
provi di ng ac (9? %"B RRYPPUSSUAR an inlet and an outlet, the inlet at a
hi gher el evati axidizigthé bentamihardd and8 bkidsHl aR@ndusliGhd 8HRAhindid By t he

reservoir f rf’g'Pghyt %8Iegiﬁ%?ﬂ§(:t“ c field to the aqueous solution;"E i 20

JAN 2004 7 TR {#®8us solution into the reservoi r, entraining
an oxidant into seleetr\@uummaqireﬁsuermscaﬂtlnmt)aeﬂﬂangou%lbp% r@slémw%dcﬁlate

ressure i to m.ni m ze bubbl e size of the oxidant to
Pher eby e i EnARE b8 SoBeiol? G5 a3t3al e ton hapauanisokion, t he

contad®nants in the aqueous sol ution; oxidizing the contam nants and the

2 oxi dant d fl t t to th | ect
L ant a1} oocullo8elond QAR glios SRR b bl SR ¢ ne

reservoir t6’"1‘?Wﬁpwwlut'amwomnﬂmmthagtemoi:ll zed contam nants into a

separate phase fyrom br*&@’dﬂeHﬁ%HieoEQE@Bﬁo%onéﬁ,r@cfoH{aFr{‘gmsC’bJ ect of one

enbodi nent is to provid separ a hants from an
aqueous sol uti o cofffiFieg tg aﬂH%OU§tSe|p§0fbﬂlth an OXIdant under adjustable super

“atmospheric pressure to maintain the oxidant in solution;
c. exposing the aqueous solution to an electrocell for electrocoagulating

contaminants; and

d. selectively inducing a pressure discontinuity to flocculate coagulated and
oxidized contaminants into a separate phase from the aqueous solution.
20
Of particular value is the fact that the aqueous solution may contain both orgamc
inorganic waste material or a combination of both.

A still further object of the present invention is to provide an apparatus for separatlng
contaminants from an agueous solutlon comprising:

an aqueous source containing contaminants;

a closed pressurizable reservolr having an |nlet and an outlet, the inlet belng disposed
at a higher elevation than the outlet, the inlet i In communication with the aqueous source;

means for introducing an oxidant under pressure into the reservoir:

30 . an electrocell disposed within the reservoir for electrocoagulating material in the

aqueous source;

means for suppiylng current to the electrocell; and

means for seiecttvely inducing hydrodynamic cavitation in treated aqueous solution to
flocculate oxidized contamlnants into a separate phase from the aqueous solution.




a. 'pr ovi di ng an aqueous sol ution containing contam nants; b. oxidizing the
‘aqueous sol ution with an oxi dant under adjustable super atnospheric
pressure to maintain the oxidant in solution; c. exposing the aqubuan 2
solution to an electrocell for electrocoagulating contam nants; and d.

sel ectively inducing a pressure discontinuity to floccul ate coagul ated and
oxi di zed contam nants into a separate ghase fromthe agueous solution. 20
O particular value is the fact that the aqueous solution may contain both
organic, inorganic waste material or a conbination of both. A still
further objec tion is to rowdea aratus for
separ ati ng ctgr?gé%wbg dBé&?;g&;ﬁ%eé&‘éﬁp eoE%re%cglvﬂl Bhbe 0a, |t§$§‘§°maﬂ"y§'§ueous
sour ce C(sifﬂvamgﬂlh@tréhnﬂtmﬁﬁmwsbodanmmsed pressurizabl e reservoir having an
inlet and an outlet, the inlet being disposed at a higher elevation than
the outlet, the inlet in comunication with the aqueous source; neans for
i nt rodUC|%EEHE§?%ﬂ9NQfJ@FE BRAVMNGE into the reservoir; 30 an el ectrocell
di sposed within the reservoir for el ectrocoagul ating material in the
aqueous. source; nmeans for supplying current to the el ectrocell; and neans
for selecti veF&QUf%h'aéu%&W@ﬂ'ﬁ@w@m%owmwmoﬁ the Plreéemteldfeafqmeous
solution to fl occul ate oxidized contam nants into a separate phase from

t he aqueous SP] utio ﬁ 0 JAN 2004 8 10 Having thus described the

i nventi on, @P@r?c'@avﬁc tmafiguieation gka F%COPﬁémB%'@ﬁ'ﬁiaﬁﬁWer@esed?fawﬂhgs

i1 11strati ng pref erred enbodi ment s. BRI EF DESCRI PTI ON OF THE DRAW NGS

_j"Fl gure 1 is a Isch | as hl | 1 Uﬁ@l’ at j one enbodi nent of the present
“i'nvention: Flgtee 5 ghematic ﬁt&"lt*’e Of?fmgtel"??‘i"ﬁ'ﬁ”t(ﬂf the rreseghiavasigidi nent  of
the present invention; Figure 3 is a schematic illustration of a third

enbodi nent of n-gn%ﬂgg ,Q%m tI.OI’l F ur e chematic illustration -
F .

of a fourth.endodi ment% 8o 4‘*%’5%*@&'8%8 nggﬁ@p%%ment of the present invention;
Figure 5 is a schematic illustration of a fifth embodiment of the present invention:

Figures 6A and 6B are schematic illustrations of a back flushing circuit for use in the
present invention;

20 Figures 7A and 7B are schematic illustrations of an alternate of Figures 6A and 6B:

Figures 8A and 8B are schematic illustrations of alternatives to Flgures 6A and 6B
(} ' and Figures 7A and TB

Figure 9is a Iongltudmal cross-sectlon of one embodiment of a cell in accordance wath
the present invention;

Figure 10 is a partially cut away view of an alternate of Figure 9;
30 Figure 11 is a top plan view of a plate for use in the present invention:
 Figure 12is a sectional view along line 12-12 of Figure 11;

Figure 13 is a schematic illustration of the circuit for use in the present invention;




Fi gur € 5is a schematic illustration of a fifth enbodi nent of the present

invention; Figures 6A and 6B are schematic illustrations of a back
flushing circuit for use in the present invention; 20 Figures 7@@38 r&
are schematic illustrations of an alternate of Figures 6A and 6B !

8A and 8B are schematic illustrations of alternatives to Figures 6A and 6B
and Figures 7A and 7B; Figure 9 is a |®&ngitudinal cross-section of one
enbodi nent of Fa ceI in-accordance with the present invention; Figure 10
is a partially'% WCW’%WCCHFJS%'OQN@ﬁ\ﬁlé{lhélgcﬁrctmfgwse iBthe plesBitgure 11.is a

top pl an imieatiorof a plate for use in the present invention; Figure 12 is a
sectional view along line 12-12 of Figure 11; Figure 13 is a schematic
illustration of the circuit for use in the present invention; 20 JAN 2004
Figure 14 is &igaehtsmataischénhdtigSlustedtiv Br @ch@op‘i&!e%%?'ci?&ﬂ%r%&'ir#théBtresé'rﬁe in the
present rg‘);mmtl on; Figure 15 is a schematic illustration

m croprocessor 'circuit for use in the present invention; Figure 16 is a
further schematic illustration of the svvitchi ng circuit for use in the

present inven s.a schematic illustration of a further
H E%16]19a r?’gFECh8W?<'C [Jstraggn %tcf“gg gyt fg gsevde onal vi ew

enbodi nent of € presen
of Fi gur @repentimegtions 19 is a schematic illustration of plasma cell for use
in the present inventi'on; Figure 20 is a schematic illustration of a

further enbodiment of the present invention; Figure 21 is a schematic .
illBstration bigug iis FIscf‘rematm@ustamwenfanlner@fnbbmmenmemmésent Avambhon; and
{20 Figure 22 is a schematic illustration of a still further enbodi ment of
“the present invention. Simlar nunerals in the figures denote similar

el ements. PREFA¢E 1809A Glessertiensl Wewef Figwrefi@r s t o bi ol ogi cal oxygen demand:
COD when used herein refers to chem cal oxygen demand; and, TOD when used

herein refers totg %X-.%
Figure 19is a schematic illustration of plasma cell for use in the present invention;

Figure 20 is a schematic illustration of a further embodiment of the present invention:

Figure 21 is a schematic illustration of a still further embodiment of the_presént
invention; and '

20

Figure 22 is a schematic iflustration of a still further embodiment of the present
invention.

N
R

Similar numerals in the figures denote similar elements.

- PREFACE

BOD when used herein refers to biolog_ical oxygen demand; COD. when used herein
refers to chemical oxygen demand; and, TOD when used herein refers tb total oxygen
30 demand. Quantities when indicated by percentage (%} will be understood to reference
percentage (%) by weight unless otherwise indicated. The symbol w/v will mean weight in
volume. The symbol O, W||| mean ozone gas All other chemlcal symbols referenced herein

will have there usual meanrng TSS when used herein refers to total suspended SOIIdS TDS
when used herein refers to.total dlssolved sohds




;30‘derrar‘1‘d. Quantities when indicated by percentage (%9 wll. be understood
to reference percentage (% by weight unless otherw se indicated. The
synmbol wv will nmean weight in volune. The synbol 03 will nean ZW?E@@S'
Al'l other chem cal synbols referenced herein wll have there uSua

meani ng. TSS when used herein refers to total suspended solids. TDS when
used herein refers to.total dissolved golids. 2 0 JAN 10 DETAI LED -

DESCRI PTI ON OF THE PREFERRED EMBCDI MENTS Referring now to the draw ngs,

Fi gur e 1 RETAILED RESCRIRTION OFTHE BREEERRER EMBODHAENTSIt i on  of the apparatus
for use in practicing the methodology. In the exanple, a source of water
contam nated wi th organi c contam nants, inorganic contam nants or a

conbi nati on t IRefesdTg nawdo theesavings Figtirehl iilvawmates ai ovéral é‘chpmmn: feProsatatnn

provi ded drarem,bﬁarameorfdsas réétfambttﬁbemétﬂbﬁ didgy. 1 h%@ o"see 3 s%{,,%eg,ﬁgvgﬁseff‘“{g' r1a.

| nt er nedi at e source 1 Feservoi r
whi ch verfPliminged Vﬂth|%¢‘f"1ﬁ°ﬂt36‘tﬂmﬁ‘i§n inetganie ﬁow?lmlnalas Qommmbma‘troa theoedf,dé zi ng

‘agent , th@remwdqg rbﬁiel‘w1@eﬂghrﬁ91bha@%@%’rd%‘de&§% Iﬂfm%bng'f Hlﬂe &eré‘et When

in the st% of conpri se ozone nitr
corrpounds th?re?fﬂgo gx‘?sﬁr"?mﬁ Iermediate taesauectd ang reservoird 4iis dfma?oad hydr ogen
per oxi de vantdri 96 herichvehatiad rsDiK lﬂdﬂ%&n'l(\fnicbtrdﬁ@vlt‘ﬂ%eécource ot &h 675&?2&1@5 eqn"?(%ﬁ’e wher e
t he oxi dagt sel.ect edteléijng g aseous state, this oxi
convert ed ?F%ﬁf'"? ggno er‘f“@ra' 484 ] Qﬁr?@'@’ﬁ%@@“f M’hﬁn ideeetate @?@ﬁe fbﬂ}/ any
_Sui t@abl e coepns denoabrdngng, bbisenes hnﬂolcempaumst hqqeadxid,z,,@gggﬁtr]g sIEQ8A HYY ce 18
Jis int rogq of t venturi 16. Reservoir

! Ol Ly

14, in the(q\&g Hn@ e'l; ﬁgrgm,ean n‘f])lp?rsrég{ra °ﬁ'ag@§wp'lbféﬁ13f€' dp thedpstiance wheenst r uct ed

- of mat er ithel oxigapbsiestadfis mttlrhagamadumgtaaat thisaadtan@mdeabonaite® fremefors Of
pressure Lnl et 20 conmmuni cati on
with vent ﬁar'ﬂE'%Garlgﬁ@ gagé l(r)oua]lf gt%%y%ﬁ’f %'{'tasfﬁ "feé""?)g@”t"%%ﬂ'@ae gtiled g gher
el evat i ofeavhrxdant Eem Ewrcmlsv@mutrad int6 résetvoirdd bp snaking usx bitaaverititf 0 t he
aqueous ggurce by entrai nnent. Wien the entrai ned oxi dant and aqueous

sol ution enter reservoir 14, the contents are pressurized. It is inportant
with the technol ogy set forth herein that the pressure is maintained

Wi Ehi n T eser vRbdeniof14Thitk bafipld drkA ol S58buk A E“a%(?ne gas into the
es .

sol ution ronotes the formation of mnute not 'shown). The
flowis 8%%?[\‘7@5% e ﬁ@apﬁl%t""th’ﬁ@‘q’@ 3t lpasipipverat atospherestof pesssitener , t he
oxi dant Bbélssesoir mnclomsrarﬂmemmammdrcemhhaicawws,entﬁr@|1srahd)an oiiét)%f | ow
patéoer n |n?et\56 rsypogﬁlbr?e%tét\é%ig\ﬁ@r er]e\;art}gn an outlle?rzlzI %’hg \?er}l?uef\'l 1Vg|r[1trodiggs the bl es.
oxrda_nt into the aqueous source by entralnment. When the entrained oxidant and aqueous

solution enter reservoir 14, the contents are pressurized.

It is important with the technology set forth herein that the pressure is maintained
within reservoir 14. This facilitates the dissolution of 'ozone gas into the solution and
promotes the formation of minute bubbles (not shown) The flow is downward from. the inlet
20 to the outlet 22, In thls manner, the oxidant bubbles rise countercurrent to the aqueous

_ solution.- This flow pattern is very effectlve when the solution is dense with small bubbles
The smali bubbles, as will be appreciated by those skilled, prov:de an enormous amount of
30 surface area relative to Iarger bubbles. In addition, if the pressure is maintained, the smaller
bubbles have a longer life span in solution and thus provade the maximum amount of oxudrzmg

power. The countercurrent flow mechanism is indicated broadly by arrows 24 and 26 within
~ reservoir 14. '




A'Fhé sn“alil bubbl es, as will be appreciated by those skilled, provide an

enor nous anount of 30 surface area relative to |arger bubbles. In addition,
if the pressure is maintained, the smaller bubbles have a | ong@m Jid @uospan
in solution and thus provide the maxi num anount of oxidizing power. The
~countercurrent flow nmechanismis indicated broadly by arrows 24 and 26
within reservoir 14. 4 1 2 0 JAN 2004111 After a sufficient residence tine
in reservoir ]%‘ oxi[%h zed material exiting at outlet 22 is then subjected
to a pressur e ‘U5 SHPPRTTiresIHanFe e by resasvainitiu oxidiparomateyat exiting atavildtapison. By

this rredha'nslmﬂectadftoah&sﬁﬂreilﬁdblﬂmh® ih %ro%ﬁﬁﬁﬂduo& |ﬂ§d ?@agg}ésca]c‘)&ghdanésf @vol ves

out of S%&haﬁ‘s 9: i:ul ated material 1s’ e ctive o ¥ so

that the ccu'r'ag § pﬁesagrg 'Sf relegped: thedaseous pxidart evelyercait of &pi!uise andrine

pressur e fopabae inaterialys effoptiaty Riafeeiahoast o Mookl RASY c?.&an{ fronf ! ab' e
enot ed

orifice essue relje ani sm broad
nuner al ngﬁg(%n?hagé hﬁ{l ncstsurﬁ S§8gt'r’t'f5’(/'§a¥)3%ﬁff‘??reéa%yécﬂoa’rﬁ?nﬁtﬁﬁ@f Wreible
cont ami naifies Ratp@r athetbréssura et mmw.s brdh@lylﬁehﬁad by RGméradigV i phases

may be s tio In the case of t aqueous
phase, t#gtlﬁgt@%éﬁg}éﬁ%ﬁ rcg%aq%déd’dqﬁ ﬁ ?’?’T‘?’E%\F‘?Rﬁ’?*%‘i/f’%%%ﬁquss?i@m ali zed

10 di st i ISPiiiors HhetindiYidial phases map be satijeoterkto fmrtﬁeennrtadpleaanow tIR thetRESEthb O the
floc, thisgussa¥ phsse He | ¢ techni gues to recover any val ues
t hat may aﬁ"é matrixed wit ﬁ in tLﬂMe@PSS&IEO ”" g%ﬁ%@ﬂ’f ohfRFealizgdr at i ons

1 ef & enc &iFtlaYeR kechpiguagolon skbangd. intertadia. dv\emesgect tdnmembegh.z-. fhalyibgure 2, shown

{is a var ipaicessed®f sbEHcABMRAIALS! gbod) ment . a sensor
appar at u broadﬁzbdenot edqg %Jﬁ‘frabrvgagﬁdfglésmar OH éeeﬁ'a&'ée Wi the floc

super sat jF'%P‘;'b&ﬁ %W%‘O%Wetﬁ'?f@ﬁd Bbqverare motemvm ingheodrbwings. 22 and control
the quantity of oxidant induced by venturi 16. This is achieved by
providing a fJ,.ora,I'g_I goa]l_..ve % which floats at the level of the liquid within
reservoir 14 angnp ¥ Figurgceehomwn is;a varistion ofithe spreratyd infigyresbnisdiis 34.  Sensor

34 i's, i ambegimenti msarisacappacsils, Broadlp BENEAEY n&%@ﬁ@'r&ﬁﬁo\,ﬂ&i@ J@ val ve 36.
of oxI dant t herefore,

Val ve 36, r$ ed to the s
when t hesrrp%rsaﬁﬂat gve ljle}r%'“'ér %°E§P08r'?f tiﬁx't'"gsg‘gléil%?cﬁ’@&ob\/""ﬁhetfmﬂ"tn ot 0 be
subst ant P’&‘I’qr‘}f"’dé@dwyﬁﬁgﬂ 18efiynis ddhicsedaproviag ¥ Boal §alv® 35 UsHRS M ats

-1 nt r oducCineQdvefd system articularly into mﬁet 20 via
t hr ough yent Sr|ft@("qq%%tlhglr}%%r%gr}e1é"ﬁ%§t's e Stnc g ICPE‘WQPP\F&‘IW“&SE}”%'I%CM with

a sinple SensAr 34 ispR tyridR elepiron pr mechamca! communication with a valve 36. Vaive 36 is
20 directly linked fo the supply of oxidant 18 and, therefore, when the liquid level in reservorr 14

" is detected by float 32 to be substantrally decreasing, sensor 34 signals valve 36 to suspend
introduction of oxidant into the system and particularly into inlet 20 via through venturi 16,
@ This arrangement could alternatively be replaced with a simple vent tube (not shown)

Referring now to Figure 3, shown is an alternate embodiment of that which has been
- discussed in Figures 1and 2. In this embodiment, the reservoir 14 is represented as a
subterranean formation within which is disposed a source of contamination and an aqueous
phase 10. This embodiment establishes the fact that this technology can be immediately
applied to field appllcations This would be of use where a deposit of hydrocarbons or other
30 petroleum / organic compounds were present in an earth formation. In the mstance where
the earth formation is composed ofa material insufficient to sustain periods of
superatmosphenc pressure the formatlon could be pre-treated with a material to render
ampermeable the internal surface, harden the surface, or otherwise prepare the same for




_Refer ri r’ig now to Figure 3, shown is an alternate enbodi ment of that which
has been discussed in Figures 1 and 2. In this enbodinent, the reservoir
14 is represented as a subterranean formation w thin whi ch is Ailspios dtt a
source of contam nation and an aqueous phase 10. Thi s enbodi nent
establishes the fact that this technology can be imedi ately applied to
field applications. This would be of ut® where a deposit of hydrocarbons,
or other 30 petroleum | organi c conpounds were present in an earth

f or mat i orfusiaed Reespys traalmentatistitable tesbnigugst horbrnunds drother Seatmepisseitbeof a

mat eri al dppfdéfatddiy@ndsetsRingéd'dtyad 4. peri ods of  superat nospheric pressure, the
formation could be pre-treated wwth a naterial to render inperneable the
internal surface, harden the surface, or otherw se prepare the sanme for | 2

0 JAN 200.4 17n mr&aaecbxmaﬁts&umet.ﬁt&@hé@na mu§mﬁe%9h1@ %g%@maﬂpﬁgn gggﬁpfg“ds

or ot her eal nent reci at ed t hose skil

this pr ocb§§§% 8955 nﬂ‘ec%ﬁgﬂt %‘@PﬁPPﬁ \"58‘&[9@‘31"'%/91 thnfrmationel 4dhreagnalyiniet 2@ inat
whi ch hashe oeeatiodi aelesraeninea’ amv@xmdmmamui%oh%ms%rag\séé{{ag%&tm{e%ft he
formation_14.thr ough an the formati on est abl i shed above,

o _
the for mat$IFS190gEN WS aﬁﬁ "3&%@8&%"9%”5&%'@t’QﬂucQﬂndﬁFﬂed%"dai‘tﬁ@P%| cs, etc.,
and t her dbrovation woud aasult ineib oxidationl bthe eont@hinkie irdKé Sand mbéﬁaﬂusﬁhe formation

woul d re of . t cont a e. sane nmechani sm
(count er 35‘%@5'![%"%%‘2 agéé%éééép arg'"g}ﬁﬁ”ﬁeﬁ 1I1"i"'a1ﬂ|j aﬂ‘efxgﬁﬁd patefigleoyleibg 7 ed

mat & i al t@o‘émte@é'om@mtmm@@mrfpenlationdmvarpumptSaab i corstricr @B fdr@fesddrevi @ punp
.=-“3Btofl t I scontl nui.t hus fl occi ng of
Che oxi dih S Ratiifle Rl dbfe BTULeaboBi SR Lined e etlRmnett Vel )
separ at ed@r§ 9@@1“{%6%@&9&@%@@&%3 phasg amddmaygmd@'gd»snﬂtqaqudnt i t

oper at i ORpefor¥atmdMSha MRl &e%@g@ ously. In order to augnent the

ef fectiveness of the systemdiscussed in Figures 1 through 3, the aqueous
solution may be subjected to an el ectrocoagul ati on unit operation. Various

enbodi ment's wid drd@mﬁ@néap&ﬁleﬁb&ﬁren&%foﬁfhb's?&eﬁq%ééh&‘éé&‘?h A uré@?%oﬁ%
further arlatlon Elt'gnmavﬁg aratus. In this 20 enbod |rrenqt; wast e ter from

a tank 4 JT?qtﬂPB&Wr%C‘K?SWFWl“”Hé%"é@" Marigeganst r eam of

~the -punpemﬁodiﬂmamlprwmmdcaﬁad an ozone source 18 is entrained in the
waste water via venturi 16. The waste water then passes through an

-~

electro-flocculation cell 42, disposed in reservoir 14. The reservoir 14
and cel |l 42 wReferripgltd Bgmrev‘:esnpwlnés a &frtber wdiation @¢fshe apparatus. In this
20 embodiment, waste water from a tank 40 Is pumped by a pump 12 through a venturi device

16 downstream of the pump 12. Ozone produced by an ozone source 18 is entrained in the
waste water via venturi 16. The waste water then passes through an electro-flocculation cell
( } ' 42 disposed in reservoir 14. The reservoir 14 and cell 42 will collectively be referred to as
“the cell 42 hereinafter. The waste water is forced to pass in a turbulent manner through an
intense electric field produced by cell excitation electronic circuitry.44. The waste water then
passes from the reservoir 14 through a ﬂow constrlctor an exarr}ple of which is an orifice
plate 28 and thence back mto the tank 40.

I_n the waste water flow line between the pump 12 and the venturi 16 there is provided
30 a cell shut-off valve 46. Between the pump 12 and the cetl'shut-off valve 486, there is
' connected a tank dlscharge line 48 having a discharge shut—off valve 50. The cell shut-off
valve 46 is open durmg the treatment of the waste water and closed when the operator

- wishes to discharge the waste water from tank 40 following treatment. Conversely, the




the celﬁ 42 hereinafter. The waste water is forced to pass in a turbul ent
manner through an intense electric field produced by cell excitation
electronic circuitry,44. The waste water then passes fromthe rqqerxgéﬁm14
through a flow constrictor, an exanple of which is an orifice plate

thence back into the tank 40. In the waste water flow | ine between the punp
12 and the venturi 16 there is provideﬂ3 30 a cell shut-off val ve 46.

Bet ween t ?chg@g%h ng t;I@e C shut-of f valve 46, there is connected a
tank di scharg He” 28R i"i‘?@{ %ﬁ%ﬂﬁgﬂr@éregwm@‘maswar@r@copamfarcel|

shut - of f dischbrge ofl heiteatep@as@duwvbtéerg t he treatnent of the waste water and
cl osed when the operator w shes to discharge the waste water fromtank 40
following treatnent. Conversely, the i 2 0 JAN 2004 13 di scharge shut-off

val ve 50 may lﬁ’waﬂV@b'e@ZMergedtbeégum@ﬁ]etﬂﬁw\bﬁéztoﬁeWtﬁé wabd vRRENTHOT

di schar gga@f,ail, 882 t: r valve 52 is provided to

regul at eegtaheaf oW g? %E‘E‘%ﬁ n r{cﬁlgy MEP‘%%\A%’P%WE’ e"?*?ﬂé"metj‘&%"f\ﬂéﬁ ipeentige may

opt i onal |1apPHatus|as @epdriced 1nynqredetamb¢ml in sone enbodi nents of the inventive
apparatus as described in nmore detail below The orifice plate 28 may

conprise a disk of stainless steel or other material resistant to
di ssol uti on byh? AdfcRRAe28mercormise ppiskafl stainles stegliopbihgr BaRAAGSIghtt he cel |

42 and t h@d%@dﬂkmﬂr@y% v Y iRGRted fidRd pugﬁggcosnﬁgtgﬁg ﬁ'le'gceﬂ é? pemhggtlgq not

shO)mt ﬁ hg exenpl ary appar at us descr ngl e
“opehl ng iR aptBang 3tiieast Yesharmsesiopd opgring (nélshowrs). &rptneexemmh@lawparéﬂ% | ar ger

t han thedpas.sagmdetsrmugn 4 Bifigl¥ 8P&riK eration of the
appar at Ugp, ssur e of ghepémssitlg%&\}a&@?éaﬁ{etzﬁzg%% tsqu % %\'abl y

| over t haR? !ﬂ'@er tﬁ B HET538e frougl theventyy 18sottint éherQEMIupefrthe)pmamtms)n of
the vent thei prés&pramfuﬁa wasteh@atelein i@ 40 %E‘dc@&;btémﬂoweﬂﬁé@ﬁﬁ%tpﬁ@ o0 lett he latter.

It will t hat hi gher pressures 1nt

advant agg%ﬁ'%ﬂg S%CAS% grqsuvva%rt) Rer F@PWE?frt%‘é‘?"fq"oWsW’“bfmtheldPSIG"GM %Eﬁﬂoml essure
is indi ca@redlptermnhealatwrrp 12 will have to be selected to provide a higher
pressure to the venturi 16 in order to provide a 20 pressure drop across
venturi 16 to entrain the anmount of ozone in the waste water that is
desirabl e f or'twidegaprerigter shat bighpasessimes |mmebae4msﬁﬁemﬁ{ag§tﬁ}sﬁ& treated.
Si npl y. resinCiade WhRr ¢ n n the orlflce pl ate
28 to |ncrease t he ﬁ@%‘:lgﬁﬁ E\’Dﬁfe ﬁsﬁé!% ,ure' ﬂ%ﬁggcf H5in? RHOOR Hewill not - enough
ozone wi '3vele ‘?—3ﬁ?’?ﬁ&f@d"‘?"l‘?eﬁfégﬁelrQWSSWe@m@h verteri Yintander tdfrodige a

2t) . pressure drop across venturi 16 to entrain the amount of ozone in the waste water that is

P

- desirable for the partlcular composition of the waste water being treated. Simply reducing the
area of the openmg or openings in the orifice plate 28 to increase the pressure in cell 42 is
{} | not desirable as then not enough ozone will be entramed in the flow through the venturi 16 as
' the pressure drop across the venturi will be reduced. It is also not desirable for the area of
the opening or openings in the orifice plate 28 to- be too large, even if the deswed pressure in
7 the cell 42 is maintained, as that would result in too large a pressure drop across the venturi
16 and the entralnmg of too much ozone in the waste water, leading to a build up of gas in
the cell 42 and a waste of ozone as well as less effective operation of the cell 42.

30 Referring now to Figure 5, s'hot_vn is a further variation of the apparatus. In this
embodiment, a group of cells 42, 42' and 42" are shown having different arrangements of
- electrodes. The electrodes wnthm the cell 42 are represented by numeral 54 and are
'connected to rods 56 and 58 which rods 56 and 58 are, in turn, connected to a constant

current supply 60 lncludlng c_ontrol crrc_umng therein. Greater detall with respect to the cell 42




t he pressure drop across the venturi wll be reduced. It is also not
desirable for the area of the opening or openings in the orifi C%ﬁ)lﬂhezﬁg@-
to be too large, even if the desired pressure in the cell 42 is

mai nt ai ned, as that would result in too |arge a pressure drop across the
venturi 16 and the entraining of too much ozone in the waste water,

| eading to a build up of gas in the cdkhl 42 and a waste of ozone as well
as | ess ek‘fgrcti e .og_ge:ati,on .of the cell 42. 30 Referring now to Figure 5,
shown i s SEPHPERE NG TGH torisdate fiepandrmeatsphasesbaftre passagb&do aent , a gr oup
of cells 4dhsed®niesid 42" are shown having different arrangenents of

el ectrodes. The electrodes within the cell 42 are represented by nuneral 54
and are connected to rods 56 and 58,. which rods 56 and 58 are, in turn,
connected to aRegaidtatie diffuing elettralemebyiety) censl pdiiass £ pakNA platd $&iekf | g

t herein. SR8k i j LESR to.the.cel) 42 .20 JAN 2004 14

i ncor por at%d i ﬁc? %gé@i"l} %alﬁc%é1?o | sgtfct?’i’{ rg%ll'?'bcc‘gan@ Rqvides,an éﬂﬁ%"’é‘%elﬁg%?e
passage i ATYIEMestiwiieqelAR" indiides aRigrality bilgoselbeadd.f f eri ng el ectrode
geonetry, cell 42 provides a parallel plate system arranged coaxially in
spaced apartw\{/ﬁiti cal. relation. Cell 42 provides an el ongate el ectrode
arrangenent whireughFigue S liystrales fuee diffpringrei¢dtoge géormeites tisiadsly Al t hough
Figure 5 e:kdmmarv.au‘%céltbl?irﬂ@na@laflfﬁﬁ@%@é%él@dﬂ%d@ﬁ@ﬁ%t{frcg?gyBmas is only

exenpl ary lls 42 may all include the sane™e geonetry or any
ot her coﬁ%‘ﬂaiﬁtﬁﬁﬁniﬂﬂarﬁ'ﬁnti ty. Figures 6A and 6B illustrate an
arrangenent for back flushing cells while online. In Figure 6A cell 42 is
in use with entrai kgdant, and aqueous solutiaon entering at inlet 20
with a flow d{ﬁ'é@"ﬁ?@%ag@hg@gﬁ?/a%p&%n\gegyngﬁaba@%mpm@ eglls Wgﬂq @tineoint o enter
a back f | Bigredid, bell 423s it usarwithrenrain@Dotithen 8Rf aqulosdédiaish @nieahy &t ifidt 405
di sposed {d : ] 20. .. Th irection of nowin cell 43
is indi caéﬁdg\ﬁiﬂg?%t\%vﬁg%. Iﬂg ﬁ%%we%%qdo?%ngéf?"qlﬁé&@q“feéﬁsbﬁ‘ﬁlf fush el out ! et
22 and evenElAinipt 2therealy Aeigble valve f4 BBlispaser betadureoutiel FEarilnib 20,
posi t | oneThdxiionariouhiPteI2d iSRMioaBABY ik 86 s mblcdlfig HPid ! ustrates the
nct

i nverse O@a Fi gflf%g 6A, where cel ons " as 'Push cell and
cel | 43 aSPPRIASPpullet 22ang eventyally foflpw eenstristor28. Pssiigabl s valew cfB6d as -

i ndi cat ed PPSYOBRL LAY, ovtieht 2 eRdtmshriqtesel | 43 is transported into
the inlet 20 of cell 42. Valve 64 can be used to restrict or elimnate
flow Treated material exits outlet 22 and constrictor 28. A valve 70 is
provi ded bet wefdgrre 6B dlusiratenthe 28emrdf Bigutedta, RBere cell 42 functions as the back

flush cell and cell 43 as the service cell. The flow in the cels is also reversed as indicated.

In operation, treated material from cell 43 is transported into the inlet 20 of cell 42, Vaive 64

can be used to restrict or eliminate flow. Treated material exits outlet 22 and constrictor 28,
{3 Avalve 70 is provided between constrictor 28 and outiet 22.

The cells 42 and 43 can be alternatively operated to facilitate back fiushing and thus
’ alternate between the flow of Figures 6A and 8B. As such, reference to outlets and inlets of

the cells have to be interchanged in the description; this is not due to a structural difference,
but rather an operational difference.

Cydling between Figures 6A and 6B wiil vary in time depending upon requirements;
a short cycle, may be from 30 seconds to approximately 10 minutes, a larger cycle may be

from one hour to eight or more hours. Any number of cells may be in a service mode or a
back flushing mode at any fime.
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The cel I's 42 and 43 can be alter natively operated to facilitate back

flushing and thus alternate between the flow of Figures 6A and 6B. As

such, reference to outlets and inlets of the cells have to be 2atianR@hged
in the description; this is not due to a structural difference, but rather
an operational difference. Cycling between Figures 6A and 6B will vary in
ti me dependi ng upon requirements; a sBort cycle, may be from 30 seconds to
approximately 10 m nutes, a larger cycle may be fromone hour to eight or
nore hours. -Any nunber of cells may be in a service node or a 'back
flushing”node at any tinme. 2 0 JAN 2004 15 Referring now to Figures 7A and
7B, a simlar arrangenent to that shown in Figures 6A and 6B is shown with
provi sions for capturing debris in the aqueous solution. As illustrated,
debris traps, RefefragenvdaFigyres dAendlB,/2simBdrarifiginened tee BR6v ih ¥igarisacent

each inl : Aaf - a. ctive cell.. The traps may conprise any
sui t abl e_ghaatn grglgé{gﬁ\/?h%tgﬁtﬂi%&'sgog‘%gqgIcgptg?ngcc%bf'%h[wga%'ﬁﬂmrﬂ%g'hi‘?ﬁg debris such
as fine Hugiratgd, dekrisgrapp.aeiferences yniumenalI7R sare providbd géncrly @discdhBehdh. inleoUt Wi | |
al I ow pa beldain T 0 S r e _benefit of 10 i.nt ai ni ng

cl eanl i ngifgl?ﬁpéga{rlﬁ%éeélmlle %ﬁdﬁ%ﬁéé# er?%{]%?"ph%? ?nr?‘usr!f‘ﬁ?)bé? PB{SH‘ér‘l@g;.% '¥Fi gures 8A
and 8B i PRRFRISOACAPtAINIARY Gelpinba delidseuch ahindaedo fitbrssiride goetantic bills ogan be
used to bihi ghrde hétfla.| RS 6R BSssabEbBILANGRE fP:Yt %Fﬁ%‘éih%'be@m fhe beads 72

mat eral {di SeuSsedol A

are, _conposed of an el ectroconductT ve further detail
her'@ naf PaMainiariegningss it each|cell andy Hetafere. dptimumeedieimand@/ 43. Conconi t ant

V\gth mass reduction is stratification; the reverse flow cycling inherent
in the arrang'gmant AI Icggéﬁrated refluidizes the strata and further provides
ap

the benefit of9¥&} F2 Fjrals an erabasisnrnt where da lkask Gusting cirouit danwst r at e t wo
al t er nat usee to fitidieertile I bbgtsl Afdreted Bf ntEralel. | Trddeadd BU4E corg;goj%? of
not shown

illust i t ., ip which | ectronic circuitr

n Fi gur s §eaREp R TERIe seliieh flfercer serainalies pes HepagAbl osed w t i n
the cel | congumed igineceliGi2ai3o Wentdnsitantrath rmasspediictieis @fratdicaton] the Wvatseon of the
cell 42 4 f: ity 76,1 rovj ded in which the electronic
cell - excﬁldtwa%gﬁ]gﬁr%@m?/g?%'%qte}s{'eétﬁ%ugsg%j 5?f'é’5"zleﬁ Sdtraia anaduitherpropidess.  The
enmbodi nethie Seraiborpeifglernigg pitbe beasisd 10 i ncl ude a gas vent tube 30' for

-venting excess gas to regulate the waste water |l evel inside the cell 42.

Optionally, the waste water |evel inside the cell 42 may be regul ated by a
float val ve JagHeR® arstOliystyate tym aliginative inteynal sonfigusations df et cetid FignreFi gur e

9, 20he e MGdtatesidne bAnEANn GAh tb2idciofe BRUMSSS ForSRBGH Alriglie o

configuration) for exciting the celj 42 is not enclosed within the cell 42; Figure 10 shows the

bottqm portio_n ofa conﬁguration of the cell 42 in which a lower cavity 76 is provided in which

_ é} the electronic cell-excitation circuitry 74 is encapsulated inside a treat sink 76. The

embodiments shown in Figures 9 and 10 inciude a gas vent tube 30' for venﬁng eXcess gaé
to regulate the waste water level inside the cell 42. Optionally, the waste water level inside
; the cell 42 may be regulated by a float valve sensor system 30, shown in-Figure 2.

As illustrated in Figure 9, the electro-flocculation cell 42 is comprises a generaily.
pylindri_cai elongated mUiti-part casing 80 of generally circular radial cross-section, which may
30 be composed of suitable non-conductive material such as PVC pipe or plastics extrusfon '
' material or fibre glass. |

The casing 80 has a cavity 82 in which is mounted a set of spacéd parallel plates 84,
sixteen such plat_es 84 being illustrated by way of example. The cavity 82 is sealed except




cyrindrfcal el ongated nulti-part casing 80 of generally circular radlal
‘cross-section, which may 30 be conposed of suitable non- conduct i v& OndANAF84
such as PVC pipe or plastics extrusion material or fibre glass. The casing
80 has a cavity 82 in which is nmounted a set of spaced parallel plates 84,
si xteen such plates 84 being illustrated by way of exanple. The cavity 82

I s seal ed except 20 JAN 2004 for an inigt 20 into which the waste water
fromthe venturi 16 flows, an outlet 22 out of which waste water flows to
the ori f ifeeangnigt 20 ip® whighdhe westg aster ot tharentB0IGfioey, apusikiyt 2705t boAesh The
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one of the plates 84 is illustrate gures
three off-centre flow openings 86, each of whose centres are | ocated on a

di screte one qhebltRB496dde rﬁxﬂﬂ%f @ﬁlka‘ble rﬁ&QIC @%hrag%uﬁ'lmuln{ ng ?epﬁe%e?t?ag e 92. The

fl ow openi ng? 86,  have sharp a cen openi ng
96 and t L' e Pkt 'ﬁ{ﬁ'gs@ﬁedéﬁflﬂuf?@nﬂra@d 18n Platefidshns dhree pkdentte fidwne

bi sect i ngpkhirgy 86]ieath dfiwnese &htred Bre 180t es of
t he rod open?%lg(?aﬁle%s 96 trgedﬂflr orﬁﬁ%@éﬁ%én%?tﬁggteq&%% @ﬁ& bout the

same radiBroH" ﬁtﬂP‘éé’pﬁ’f'”QW have éb@%s@ﬁsﬁgs Pge 34I' Pleopl at e 84

has circliaan cemmwyng sehmditinde ﬂﬂﬁﬂieﬁiﬁ?su g&fuﬁﬁhgﬂaﬁtf‘bﬁttﬁ d ﬂsr,égetg %&ﬂ'ﬂﬂép f;fgtsl g'4

sense w

are rmun:bke}ﬁatﬂlg(;;r‘lé Ea\éy’rag Bg'ggg)f g%ﬁ’é%’@h’lylsﬁ’ that ey cegtirs ‘%E'Tedﬁél‘?ﬁ%ﬁ"lﬂsl%laf%uch as
nél th is lspmeeaimecthabemamlﬂ platecB4t isy megnu .eamatadrwdustuﬁ@ akQR% c«ﬁﬂrle§ QF thaf 15b
1'dentica mount ed al t t el t he ates 84 about
od 100 "R 3P &8P XAEpR ARG SyBrietiniPe trebegtrersenisinat B The
asserrbl agecuntferghtial é@sgmuthtmﬁmwmnmgdae and rod 100 is hel d together by
tightening the nuts 102 against the outernpst of the plates 84. As

mentioned earlier, it is desirable that the waste water take a tortuous
path 20 t hr oufihilisteatedsn Figare 9, ¢he plates 04 afel reuntddapboa rod 100§ cadrsicallyesi r abl e

t o Creat gneht apll PO R4 iich dsi flofl is ihfeddbE é’éa%h 1 6 and
98 through%\é;q t he waste watrgr |'Ss orcea Qh&%rgﬁe“;ehﬁaﬁg% 21%?0 uous
path for %\E@f‘mﬂétﬂf fRagars Wﬁ@qyn%@gemtebuwﬁértmweas A4 pbraut e0d 100
relati onahirmam akoiRglc paciiPBetlOsh SRcERNE Hidié She%é‘é&éﬂ'fbﬁ&féeof hﬂa&‘é’ peni ngs 86
of any sgaér I%t d§4 are tq?g%ngd with the centre e rod openings
98 of adXCER g1 AIded %P igheldite Y fightening the nutg 192 egrinstdhe apderaest ot t he
sel ect edthslpiates 83!4 Asmértienabazeiidp) itis déﬁ&b&hhatftm washowitBetakelh korftbud pan wWaste
wat fl ral I tor in order to pass through the
I ar%rer f ﬁ'owl}gﬂg%g%ﬁ k astCL %@F&JEJB%V% art el éi?ﬂﬁ gﬂ%@s"rﬁe aetrengeleptdnialys 86
facilitaindhe wmnw @rﬁf@aonenmghéa anhSh thrcwgh @shich ltewastelwitocia fdryedio passt Tat e t he
el ectri Celehtelaortuous path for the waste water flow, the plates 84 alternate in phase reiationship
’} - along the rod 100 so that _the centres of the flow openings 86 of any selected plate 84 are
aligned with the centres of the rod openings 98 of adjacent plates 84 on either side (in a
longitudinal sense) of the selected plate 84 in the assembly, thereby forcing the bulk of the
~ waste water flow-to ‘generally follow a tortuous path m order o pass through the larger flow
openmgs 86. Further, the sharp edges 94 of the openings 86 facilitate turbulence in the

waste water flow and locally concentrate the electric field.

30 - To connect the plates 84 to the cell excitation circuitry 74 and to hold the plates 84 in
_ the desired -alignment described above, two metal rods 106, 108 are inserted through radially
- opposed rod and flow openings 86, 98 in each plate 84 and welded to the edges of the rod
openings 98 at weld locations 110 The rods 106 108 therefore run parallel to the rod 100 in
" aplane passing through the centres of the plates 84. Each rod 106 108 alternately passes |




30°To ‘connect the plates 84 to the cell excitation circuitry 74 and to hold
the plates 84 in the desired alignnent described above, two netal rods
106, 108 are inserted through radially opposed rod and flow op@f dg8 &,
98 in each plate 84 and wel ded to the edges of the rod openings 98 at weld
| ocations 110. The rods 106, 108 therefore run parallel to the rod 100 in
a pl ane passing through the centres of1ahe plates 84. Each rod 106, 108
alternately passes S 2 0 JAN i;Wi"' 17 freely through the centre of a flow
openi ng gEEYIEHIN thp gpriresof adlew Qpariag86 intone plgte &dnandipessesshrdegh dra is od openi ng
98 in thewaltmttoﬂld nifg o8 Lates
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turn connmelbofthetraistioe, ml |Th@¥5dst1®t5' 103 ar&lnrt&H'cBﬁﬁéc%ﬂ tDdhel c@ﬁlgﬁzg&lﬂb 112 and
are provi dedﬁq\gmf‘#h el current in the manner describ ow. Electric

current iy ti"”b'ﬁ"fl %%‘dpﬂf%l?@yde%w'ﬁye'%qﬁ@ GURiENk B the ma®er degdribefihe

pl at es 8deloaf the nmay be made from al um num pl ate, but may al so be

manuf actured fromiron and other 10 materials that will permt netallic

di ssolution into a solution. It is advantageous for sone waste water
conposi tions EEcuiseutrew isofistrimted wehd HatdL84 by B8t Ffods 866,108 The Ateb8Yi NY A
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oi  oct o e B B A b BUTHE) Sethe mapists Fymien g wiveme
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Y | f f the plat
B i gl Bbdpoltlond Py <B8 of MUBLele B p Se il e o e PRV R bl at co 64

(whi ch c#iifgtent lgte msdgrial sg aloPenerateidiffesent eleq&trcmgmmgﬂemr The'blate t he
“control | al@lesﬁaralasess&sve%se%b Rtally 365h %‘r%ﬂla@?a‘il V‘#&r@xérﬁﬁge“ to Figures 1
e e

.through 3 ,results in an enhancenent o ro coag PO ef fect as
conpar ed S¥8o%: REtitaniym mayRe ‘EPMHO{)E@F%/P@P@p@sed rectangul ar pl ates i mrersed
in a flow chanber or concentric pipes arranged in a flow through cell
configur’ationﬁtﬁlem oth of which previous designs the waste water -

flows parall e ?obei%lléwﬁldg?aéé copfigyeatign plthe plates 84iin whigle waste weter isl fersed oni ¢

ci rcui t r gollidg turbulentlyiveth tamplaee B4 (which édn@t&ut@%éﬂiﬁrﬁbstrﬁ&ﬁﬁé ibefﬁ')wf) foQBihgn ext ernal
led via |eads

source u
- 110, 11(2{'1’?'%"%g %g EE'Q a'gﬁéi‘%[dp” %B&W{'Be%ﬂ'ﬁ?‘ﬁa?@éll‘*l SPSB‘?Fé ijsltfe% hirpndhtdes 84
such t hafesultgipen nehaecghent obtheielecteo-coagulatbrestiactas dymparedab tagmgidf ficient to
establ i shrediolih fibbosel Yecﬂnbﬂlggplgtjeg fthrhdrSed in a flow chamber or concentric pipes

_arranged in a flow through cell conﬁgurat:on design in both of which previous de3|gns the
waste water flows- parallel to the plates. '

Generally, the cell excitation electronic circuitry 74 rectifies and controls line current
| received from an external source {not shown) that is pulse width modulated and applied via
~ leads 110, 112 to the piates 84 thereby to periodically energize the plates 84 such that
alternate plates differ in potential by a voltage sufficient to establish a relatlvely strong electric
field in the vicinity of the plates 84. By varymg the pulse width of the current pulses apphed
‘to the plates 84, the integrated current (and therefore the power consumed by the cell 42) can
30 be reguiated. A puise frequency in the range from about 1 Hz to about 1000 Hz and an
' integrated current density in the range from about 0.1 Ain2 to 10 Ain2 is generally adequate
for most conditions. As the_CUrreht_ flow depends upon the conductivity‘of the waste water
and the conductivity can vary during operation of the apparatus, 'the cell -excitetion electronic
cirCuitry 74 uses measurements of the conductivity between the plates 84 teken between the




‘f-i'él-'d‘i n the vicinity of the plates 84. By varying the pulse wdth of the
current pulses applied to the plates 84, the integrated current (and
therefore the power consuned by the cell 42) can 30 be regul at ed § Appulise
frequency in the range fromabout 1 Hz to about 1000 Hz and an integrated
current density in the range fromabout 0.1 Ain-2 to 10 Ain -2 is generally
adequate for nost conditions. As the ®urrent flow depends upon the
conduct i vif¥ ff Ehe.vve%gte water and the conductivity can vary during
oper at i oR"SPS IAFISPgE hg SRIMUHRuIseayidth dordhe next Biisee| Bretorbexaitation dircuiing ry 74
uses neaddraEoeeNassaafithd pRaPHANE bilsdstpérig at t ween
the 20 J%Mﬁ 8 pul ses topdet eEn‘i nep)ét he%ﬁbﬁﬁbﬂllg?%f%ﬁéﬁ%ég?ﬁg next
pul se. The 'C P¥" excitation ci rcuitry 74 also reverses the polarity of the
pul ses periodically to prevent build-up of agglonerates on the plates. The
cell excitati L C Circultr. 4 may be expected to include a cell
excitation s?%%ﬂe%gﬂr@rgg% Ig?t,ron&%w%%éf f"@ﬁ%ﬁ@x’?fé’w&%@?'”%ap@b@‘éﬂqt@ndi gital
conver t efignaligeperatosipgwat switshihg tiliex canalogbel toditieN corivertdt imé! agmnt s to
optim ze | electronics may, be inplenented in '
di scret en{gg@ieggﬂébg(ﬂ@ﬁéﬁirhﬂ?%e eéshqgtr?d) pﬁ TR 'es(feﬁrogf"%m Syl elselEnissamayy digit a
| ogi ¢ debp éeriereeietbin disstetndavicps biathiasgliddes and eartsistons, bueareipreiéably dfal
mat hemat jggR!de6; i ; i in Figures 1 nd 14, The cell
oy At 1 Gl eraEs Epebe R matudtho e Habl b ul e P e r gl Pessine s so as
to We pr8Yyliusiraiad ia Figutes 18end Ahalheeatsucilation devitty s naydistas thake-usé 6Pa
{ conput er mickdprédeBsdr 1986 a4 totkRl Rodr i ] dstrate nerally in
‘F}i gures é}?} e{)nd 16. Figures 1%06 %@ﬁéﬁgwgﬁgﬁ%ﬁjggﬁoﬁuyedéjé’_fcgfﬁlécg agiﬂ’énati c
circuit HPSGPRWE™SGr Gthenseriabdata transterisysieras as Busiratediotherally if Figutdsaisaindbl ock
di agrans1g.in the case of Figures 15 and 16) of suitable enbodinents of the
cell excitation circuitry 74. The preferred enbodi nent of the circuitry 74
i ncludes a single-polarity power supply 20 conprising a bridge rectifier

(not shown) thigarept®Vibtesara tqedvide dthilBCseHéabé cifcRit iAgrafi! (n tﬂ'@cas’é‘ of POl arity

rever si ngqGi Lil j for. periodically reversing the polarity of

the curr e%"(t}rb% ﬁ%\%’\,{) dnléﬁtoﬁlfugéﬁg%gltdnﬁ%&g@fa"ﬁf" tEBF%% §f Figuess P 2af 118 spitable
~accaonpl i ¥negingnts ofdbe celexcitatioaitclitg24. Wit hin the "H' pattern of current.

swi t chi ng devices shown in Figure 14 (indicated generally in Figure 13 by

reference nuneral 116) or as shown in Figure 16 when a m croprocessor based
control syst eheRiemaenthegimeshefithe ¢ireuity JdrinelubBs b singegolarfupivetigpyes can be

S €120 CONhofipAsing 8 Wriligd VePlicF ABRMBRRAY RatHEaS rildrbs Bl Ocil?prl]ﬁ {oollnle &sl Jf% ifiers,
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polarity reversing circutt is provided for periodically reversing the polarity of the current '
flowing through the cell 42. Polarity reversal may be accomplished by Iobating the cell 42
{ } : within the "H" pattern of current switching devices shown in Figure 14 (indicated generally in _
Figure 13 by reference numeral 1186) or as shown in Figure 16 when a microprocessor based
control system such as that shown in Figure 15 is used. Such devices can be semiconductor
~ switching components such as silicon controlled rectifiers, insulated gate bi-polar transistors -
or other devices capable of switching large currents, an example of which would be over a
" wide range of frequencies. The frequency of polarity reversal is best determined empirically

and will be expected to depend upon the nature and quantity of the pollutants to be removed
30 from the waste water. o

In ad;i_ition to being periodically reversed in polarity, the current supplied to the cell 42
* is pulse-width modulated by that portion of the electronic circuitry 74 shown in Figure 13 or
~ 15. The puise width is determined from the conductivity of the waste water and selection of




or ‘ot her devi ces capabl e of switching large currents, an exanple of which
woul d be over a wide range of frequencies. The frequency of polarity
reversal is best determined enpirically and will be expected to depend
upon the nature and quantity of the pollutants to. be renoved 30 JANAlt he
waste water. In addition to being periodically reversed in polarity, the
current supplied to the cell 42 is pulse-w dth nodul ated by that portion
of the electronic circuitry 74 shown in Figure 13. or 15. The pul se width
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the use éntstﬁéog rog ﬁ're\cl)@g d g'g\rl\grﬁﬁ”rfeé'?\’%‘?g@% AEN alBRRe ERdtie GRlculgte they ence
nuner al scmwflvmqfthqwastewaﬁr gure 15 respectively indicate data lines from
‘tempgerature, conductivity, and turbidity sensors to the microprocessor 114.
Figure 16 ' :

Figures 15 and 16 illustrate generally the use of a micfoprocessor 114 to implement
PWM control. Reference numerals 1 20, 122, 124 in Figure 15 respectively indicate data lines
} 7 from temperature, conductivity, and turbidity sensors to the microprocessor 114. Figure 16
(— - shows a discrete component embodiment of the portion of Figure 15 outlined in dashed lines,
' Block 126 in Figure 15 indicates a function that i is carried out by four discrete devices 128,
130, 132 134 shown in Figure 16. Similarly, the data flow indicated by reference numeral
136 in Figure 15 represents four signal lines 138, 140, 142, 144 as shown in Flgure 16.
Reference numeral 146 indicates a data line prowdmg current flow-data to the mlcroprocessor
- 114 from the current transformer current measuring device 118 via the operational amphﬁer
30 146.. Reference numerai 148 indicates a communication data flow from an external

computing device such as lap-top computers or other serial data transfer systems for
programming the m|croprocessor 114.




shows 'a discrete conponent enbodi ment of the portion of Figure 15 outlined
I n dashed lines, Block 126 in Figure 15 indicates a function that is
carried out by four discrete devices 128, 130, 132, 134 shownzignjA\ Qe
16. Simlarly, the data flow indicated by reference nuneral 136 in Figure
15 represents four signal lines 138, 140, 142; 144 as shown in Figure 16.
Ref erence nuneral 146 indicates a datadine providing current flow data to
t he nicroproc SSQr the current transfornmer current measuring
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coa&ul ant (alternatively hydrogen peroxide, chlorine, brom ne,

ni to- conpounds or other suitable oxidants may be wused). 10 The nechani cal
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centre_ by baffle 160 so as to separate the flow of treated water from the flow of treated water
to the outlet 162 and solids slurry to outlet 164.

(-} | Optionally, an additional contribution to the overall electro-chemical reaction within the
cell 42 can be provided by a high voltage puise plasma discharge between the plates 84 that
is applied to'the cell 42 by the circuit shown outlined in dashed lines in Figure 19. Pulsed
power discharge into water or water-solid slurries is an electro-hydraulic phenomenon

~ characterized by a periodic rapid release of accumulated electrical energy across a
submerged electrode gap. The plates 84 df'the'cell 42 are time shared under.the control of

30 the cell excitation circuitry 74. In this manner, normal excitétion of the plates 84 stops for a

' short predetermined interval during which a plasma discharge is trlggered between the plates

84. After the plasma discharge is complete, normal excitation resumes. The resulting highly
ionized and pressunzed plasma transfers energy to the waste water flow via dlssomahon

- excitation, and ionization. The plasma discharge produces high pressure shock waves




to' the outlet 162 and solids slurry to outlet 164. Optionally, an
additional contribution to the overall electro-chem cal reaction within the
cell 42 can be provided by a high voltage pul se plasnma di scharﬁgﬁ%%ﬁn
the plates 84 that is applied to the cell 42 by the circuit s atT'i ned
in dashed lines in Figure 19. Pul sed Eower di scharge into water or
water-solid slurries is an el ectro-hydf¢hulic phenonenon characterized by a
- periodic j e of accunul ated el ectrical energy across a subnerged
el ectr odé%ﬁ%& ’%]2@ gﬁtgf’seescagﬁéi'(?f' Offies it fhe assogiatedighamicainhpeapsianddurtiene
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| gD
during m%%“ﬁﬁ"gﬁé‘?ﬁgaﬁfeﬁﬁgﬁ ag'édori'eéostt? Y8 "RR PIRElEM SUFacs] ates 84. After
the plasma discharge is conplete, normal excitation resunes. The resulting
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the cel | S&s 1RV undsy g gBNIRL pitbe cellrxcitation Sirquity Marfloe DS generator 16 f i ci ent
t 0 causeappliipé atiggedpuiseha tigestietpesiicket 178 ifduai %rﬂ%@ﬁu 1,..166. The
di scharggpd'"g-d ?&béé ‘%?%&yﬁﬁ ‘gircgl er conPri sli n%?g pu sgﬁéﬁ%ﬁgﬁﬁm 76 and
step-up transtorner PYIPRLC POFEEs §SRak A01es Te@lates 168n(Theisparti cipptes  si gnal
line 180amied&pd path throwghrtod calf 166h ©ncethle patah tratib,QRe Eidrgaldtbicl e The pul se
gener at Ogaphéifr bamdl 708 ' se. to the step-up transformer 178
i nduci ng apjahli'éh vol taﬁé@%&‘f“é‘g‘gﬁﬁ’f@ﬁg foglzegB%tF]- Eﬁe 5'8??58'517{4Iﬁ’ée"|§|“§t“& 168 to
pr oducesSREMksFHTERt FErR Bassingitbropghathe sapegor bihlke 12piargrountieat es  an i oni zed path
through the cell 166. Once the path is nmade, the charge stored in the
capaci tor bar]k 170 is able to flow along the ionized path. The inductor 174
prevents the Mgiuigal Riafuctinp cell 42 wikradiinie plates Saghistelpeateithati 4 sparkbank 170 to
gr @nd. beweentapiagakert pai brthé PRt &M Iwilfde it b idtHatd &smid it is
expect ed,f hat ﬁ@ Farlk - bet ween ar‘lﬂ;/ _agq acgjndtgﬁggls:&%lgg%ﬁ%&%?tg? es 84 wll
create a pl as oﬁ L RASP §& Lrthat dhessfpregitowill suffice to apply high voltage pulses to all

of the pairs of plates 84 through time-sharing of the same connecting lines 110, 112 used to
(} | supply normal excitation to the plates 84, despite the likelihood that the spark will jump

~ between only one adjacent pair of plates 84 in any particular discharge. Hence the circuit

shown outlined in dashed lines in Figure 19 may be used with a cell 42 having a multiplicity of

. plates 84. However, time-sharing circuitry (not illustrated) is needed to isoléte the shock
efiect of the spark discharge from the excitation voltage.

_ Alternatively, a separate spark gap (not showny) in the vicinity of the plates 84 could
30 also be used. Preferably the separate spark gap should be located near the inlet 20, where
thgre_ tends to be some gas (mostiy oione) that facilitates the formation of the spark.

Optionaily, an additional contribution to the overall electro—c'hemica.l reaction within the
cell 42 can be provided by _a_magnetic field coil 182 wound about the celf 42 as shown in |




cleanse all of the plates 84, and that therefore it will suffice to apply
hi gh voltage pulses to all of the pairs of plates 84 through tine-sharing
of the same connecting lines 110, 112 used to supply normal exgphtatj @, to.
the plates 84, despite the |ikelihood that the spark will junp bet ween
only one adjacent pair of plates 84 in any particul ar discharge. Hence the
circuit shown outlined in dashed line® in Figure 19 may be used with a
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Figure 22 iHustrates a similar view of cell 42, but with the use of beads 72 in place of
plates 84. The beads 72, will comprise a material similar to those set forth for plates 84. The
{} - beads 72 may range in size'fror_'n 50 mesh to 1.5" and this will, of course, depend on the
specific requirements of the cell 42. Current supplied from supply 80 (not shown) is
connected to rods 56 and 58 and which interact with electroconductive beads 72. The
provision of the auger rod 184 serves to circulate or refluidize the beads 72 within the cell and
as a benefit, the beads are effectively cleansed of debns in the process, thus presenting a
fresh reaction surface for the process regularly.. This fluidization also promotes a more.
uniform mass loss of the beads rather than having sectlons of beads having d:sproport:onate

30 mass relative to other beads. As an accompanying benefit, this promotes process control.

- It has been found with the bead or granule version of the apparatus, that the beads
_provide a hlgh surface area relative to interspatial agueous volume result!ng in equwalent

“treatment for low feed quantlty conductivities. In essence, a 3|gn|f|cantly Iower amperage iS




'Figure 22 illustrates a sinilar view of cell 42, but with the use of beads

72 in place of plates 84. The beads 72, will conprise a material simlar
to those set forth for plates 84. The beads 72 may range in si2d JAREBO
mesh to 1.5" and this will, of course, depend on the specific requirenents

of the cell 42. Current supplied fromsupply 60 (not shown) is connected
to rods 56 and 58 and which interact w3 h el ectroconductive beads 72. The
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benefit, this pronotes process control. It has been foun e bead or
granul e version of the apparatus, that the beads provide a high surface
area relative to interspati al aqueMMRUESrre resulting in equival ent
treatnment for |low feed quantity conductivities. In essence, a significantly
| ower anperage is 2 0 JAN 2004 23 required to operate the cell when the
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‘to the exanples n“exenplary tested apparatus constructed in

acdfrdance with the invention as descri bed above had the foll ow ng
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cell can be used to improve the efﬂcrency of the process, but at a higher cost for a farger
20 pump and power to run the pump.

| In the following description, exact dimensions are provided for the particular cell 42 for
{j ~ which test results are provided below, but it should be understood that the cell 42 may be
- scaled to any size that the designer deems apprepriate.

7 The diameter of the casing 80 is not critical. A 3-inch inside diameter was employed
.. forillustrative purposes in the following discussion.

Plates 84 were composed of 0.1 25" thick type 6061-T6 aluminum, 2.990"_in diameter.
30 Openings 86 were 1.000" in diameter, and the centres located at a distance of 0.875" from
' . the centre of the plate on a discrete one of radial lines 88, 90, 92, Openmg 86 had a 0380"
diameter and three 0.265" diameter rod openings 98 each centred at a distance of 0. 875"
from the centre of the plate, the dlscrete radial lme brsectmg the radial lines 88, 80, 92




I'n"the fol I ow ng description, exact dinensions are provided for the
- particular cell 42 for which test results are provided below, but it
shoul d be understood that the cell 42 nmay be scaled to any si ? tdll%tm%pe
desi gner deens appropriate. The dianeter of the casing 80 is not critical.
A 3-inch inside dianeter was enployed for illustrative purposes in the
foll ow ng di scu35| on. Plates 84 were céfiposed of 0.125" thick type 6061-T6

al um num 2. 990 ngs 86 were 1.000" in dianeter, and
the centres Iocate esd%mgrﬁlneyﬁtﬁgé‘p‘%aé% igmeter 8,509"Hwiop cort 109 thieagdrbatpl at e on

a_di scr et eachread fir nylgulnats 102.n%e Bates 9@we&?equ@%%umn&@dm§® aQeéﬁ&n one

di anet er Ier peni n each centred at a
di st ance %?J%etr ggg%toc%ff%@%ntcﬁe cefﬁ["ﬂer Epaﬁ?%t@“ epefthaying @rgentsaliopeiing | i ne

bi sect i ngPftO¥ 57 an athicknessof 8850"00, 92. 2 0 JAN 2004 24 The plates 84 were
nmount ed upon a 3/8" diameter 6.500" nylon rod 100 threaded at each end for
nylon nuts 102. The plates 84 were equidistantly |longitudinally spaced from
one anot her tﬁ‘eé"eé%tm%f"oﬁique‘@rreGhdéélﬁ)l’ohkﬁﬂﬁbdram&ei-hﬂdﬂ4§5m¢rﬂ5§[%t|104 each

havi ng a w&Bkpaled AP0 it o arfdtnef© and a thickness of 0.250" e netal
rods 106, 108 were chosen to be 114" in dianeter and 14.250" in length

were spaced 1. 750" fromone another. The cell excitation circuitry 50 drew

power from a rrhéeefmaéﬂén%@&ut%cﬁ&u wJéHfFB?h hié)e—% 2% g?&@&{;)?%'lz het ween

,sucq&sy F% 84 was chosen relativ C Pfe waste
wat er . eﬁ”%ﬂ BRUGER PUACESFMRcRates Sthwas chogen telatjesstodie d:cmduammbuué 30 volts
fin a CeI Iwastmmerng:oﬁﬁlgt&m[ietﬁntpfﬂaﬁeWai’e‘?tvo}f%%s%5&' é:ﬁ?éo ok i in S%%’ L fish

‘processi r This refl ects a power di ssSi t he

cel | of ra?%?)ﬁ ga%%ﬂ"m@éﬁ%fcumtmupé’ﬁd@'%f%éa& f§D|PfQ§B$Seng mnrgyaaﬁatwamm val ue

f or f | owerThisoebgtsta pawey dissipation umthﬁcem@ffabdutmm&s G é:ﬁeﬂ&f t B& aSuf ea”d |
configur [ Y e S were ener ized at-a pul's

f requenczaﬁsb@Qt o%%ﬁ% f%qa”quﬁ Geugtwé “(ﬁFe(ﬁf% singh, flamgter F?'gr?f thesizgiandos econds to 2
seconds, C@@f gasﬁtl%dfgﬁptmglcﬁ@om t Theeplates/weragaergl2ed BEApuld fretfled) of BOGPRBY €S-

Lar ger Ct,_l,[”gggygfsmw,j,éjy pﬁ.&m%g rph%g&{mﬁ@sicr abl‘ﬁ"r %gt hough "at_hi gher

oper at i n% cost &er cells wm'n@d to prevent
~over heat PHYa9 %'Ffﬁ'I‘tIOfE 19 25 argpsires: iLagger eureantabowdd bé hmssibmdrideﬂsﬂﬂlées at

i nterval sealmamwalaaﬁ;ghatdfsa@ﬂn £os8Gh BRRPBY RULS fpund to be
suitable f Oé aﬁ]‘ pol | ut antg;2 s?uré Flg% %ea?qej"r?o?/ugp iU §PWE Feégtf’fre"lef‘t pl asma
di schar g8¥§"¢e348gf s"‘f’aﬂ pelisy Eolagly rg\sﬁr%al Wfi‘lh@ ﬂP@@W@gbes a icteals aarggnguiwege Of
20 30 seconds and 2 minutes was found to be suitable for the poliutants sought to be removed in
the tests.

{,} o ' if plasma discharge is used, for average salt water sewage, a diséhar’ge voltage. of
. about 4000 V was found to be satisfactory, discharged at 5-second intervals.

- Test results for use of the exemplary waste water treatment apparatus described
above are set out below. "BOD" means BOD over a five day period.

Example 1
30
' A spot sample of effluent was taken from a Iarge fish processmg plant | in Klllybegs
Ireland. The piant was processing horse mackerel and herring at the time of sampling. The
" sample was taken after screening and before discharge to the Council sewerage system




“dbout ‘4lOOO V was found to be satisfactory, discharged at 5-second

intervals. Test results for use of the exenplary waste water tregbment"_ﬂ
appar at us described above are set out below. "BOD' means BOD ovéPl % iGe
day period. Exanple I 30 A spot sanple of effluent was taken froma |arge
fish processing ptant in Killybegs, Ireland. The plant was processing
horse mackerel and herring at the tim#25%f sanpling. The sanple was taken
after screeni and before discharge to the Council sewerage system Al 2
0 JAN 7304 25 ﬁHBF'WF%‘?‘ drep of efflyert sample was freated usingivp test wais Theeaw aod usi ng
the test tuaiet effilibets Wevs ledtan@@hgigzeRel f i yzed.
The analytical results ?Pgb outli neg }ﬁn ﬂ?ﬁ%ﬁ%ﬁﬁﬁ%ﬁ%@%@&@&g@?ﬁgﬁ[&ﬂri al on
Fish Processing Waste 10 Raw Effluent After Treated Effl uent Screening
(Sanple 2) (Sanple 1) PH6.77.3 BODS 1rgHid 4160F 50* BOD ng/ 1208070 Suspended
Solids ng/158023 Cal cul atl.ed frrgﬂj_tﬂe F,CD,P COD ratio or Treated Sanple 4. 20
The effluent floccul ated WerTeHJrahY Fish Processing¥asts ocess, nost of the
flocculated material comng to the top of the Iiquid. The BOD of the

ef fl uent was retducet—by—approqgrately—95% (a significant redquction) with
simlar reductions in COD and Suspeawdeftuenbaftérds || trnaled.Effifeat QH of t he
sanple rose s|ightly to 7.3 but| thi sScreemifig no consqga@pree)t o |t he -
: (Sample 1)
pH 8.7 7.3
BOD; mg/l 1160 : 50*
10 | BOD mgti , 2080 70
Suspended Solids mg/l 580 23

Calculated from the BOD, COD ratio or Treated Sample 4.

The effiuent flocculated well during the treatment process, most of the floccuiated
material coming to the top of the liquid. The-BOD of the effluent was reduced by '
approximately 95% (a significant reduction) with similar reductions in COD and Suspended
Solids levels. The pH of the sample rose slightly to 7.3 but this is of no consequende to the‘

_discharge. There were three passes through the cell 42 in this test.
20

Example 2

-

A sample of effluent was taken after screening from a second fish procéssing plant in
Kilrlybegs, Ireland. The resuits of the treatment test are given in Table 2.-

Table 2
Treatment Trial of Fish Processing Waste

Raw Effluent After " Treated
Screening Effluent
(Sample 3) - {Sample 4)

30 - |pH S 8.6 ; 7.7




di scharge. There were three passes through the cell 42 in this test.
Exanple 2 A sanple of effluent was taken after screening froma second fish
processing plant in Killybegs, Ireland. The results of the treat @dnjAl a8ty
are given in Table 2. Table 2 Treatnent Trial of Fish Processing Waste 30
Raw Ef fl uent AfterTreated Screeni ngEffluent (Sanple 3)(Sanple 4) PH6.67.7 i
2 0 JAN ~4004 26 BCDB mg/ | 2580104 BOD #y/ | 6400152 Suspended Sol i ds

ng/ | 156030 The—BOD—COB—and-Suspended Solids reductions were all in excess
of 95% The pHBORE mdle sarrple rosefto 7. 725ghter treat mepy. There were three
passes throug e cel A2 T thrsi—test—10—bxanphe—3—-A-sanp] e was taken

froma third 1899 B¥cessi ng plant|in Kil%4@egs, |rel am$2aftef screening.
The plant was g[,%ggdggd erel and a | e ol imput_to the effluent _
coul d be expected—tp 'uggﬁgb h.m_cre,nagg% ment sdid t#At jnf their opinion
this activity represented one of t he worst possible conditions for

effluent strength. The results of the sanple are given in Table 3. Table 3

Sanpl e of Mackfy gblf‘[:%%e§§d Q&penged%o%gs reductloEf e L e hLsated

Scr eeni ng ns were all in excess of 95%. The pH
of the sample rose o 7.7 after treatment. There were three passes through the cell 42 in this
test. '

. 10 Example 3
A sample was taken from a third fish processing plant in Killybegs, Ireland aﬂér
screening. The plant was processing mackerel and a large oil input to the effluent could be
expected (up to 20%). Plant management said that in their opinion this activity represented
one of the worst possible conditions for effiuent strength. The resuits of the sample are given
in Table 3.
Table 3
Sample of Mackerel Processing Waste
20
Raw Effluent After Treated
Screening Effluent
— 7 | (Sample 3) (Sample 4)
pH _ 6.4 6.85
BOD; mg/l 7400 24
| BOD mg/l | 28800 320
Suspended Solids mg/| 5460 : 78
The results indicate a BOD, COD and suspended Solids reduction of greater than
_ 95%. There were six passes through the cell 18 in this test.
30

The plates 84 in the apparatus according to the invention have been found to erode

very slowly relative to the plates in prewously dasclosed electro—ﬂocculatlon cells known inthe -




20 Jan 0

Effl uent (Sarrpl e 3)(Sanmpl e 4) pH6. 46. 85 BCD$ ng/ 1 740024 BOD ng/l2880032

Suspended Solids ng/ 1546078 The results indicate a BOD, COD and suspended
Solids reduction of greater than 95% There were six passes through the
cell 18 in this test. 30 The pl ates 84 in the apparatus according to the
i nventi on have been found to erode ery slowy relative to the plates in
previ ousl y di sclosed el ectro-floccul at?} on cells known in the 1 2 0 JAN 27

art. hi.s i s due a conbi nati on of countercurrent: '

di ssol ve gz@é gﬁﬁe‘%j%ttms '} %'H’JBé’cf"E’&?P’PB%"fé‘P\é’ﬁe’G‘F”Q"ﬁéisiﬂ'\&ﬂélﬁs gudthe relative to

pri or  pl sedssedisuiiach ereafvhihp pedaest af refalies to QREHIANESarRne %rﬂ) dee@%fﬁj aLes 84
sharp

and the eni in the orifice plate 28. = Suc
edges | 0?@?'{ %s%%@ﬂ{, élgt%?l efa%g‘gﬁga?’ﬁéig%‘?f t%%ﬂe"'tﬂﬁé‘ the ofificestrte @8-schar ge
are thoSysh shaﬁp e@auqcauzmmmnweidsrand@mm.aﬁan 05 FRURAS dkRhhrds aled break up,
but once . | ear to reconbine and result
i ﬁ cl ear é@ugg? grééQIthht%wtd;uSﬁ U&;%\Ltgﬁlonf &@g?s \ah i%%%\'? ehut OE%R/?VP%QWW heyy ei ;J her
t he shar [PStige fagiperthapnepetnirenymbde, ang8esut it d:l@r@ivﬁl&&han&ibfcﬁ@%et he opening in
the orif t Iarrad o e not

i f caftaidrd l-ﬁ)u@erofza\)ﬁé(tlotnrb? ﬂﬂér‘tﬂs?gl‘ ﬁ@&?g@g Slpéggqgs:aa% ﬁ@ @e Ieléqep 42 is

essential to the operation: of
essent | aP4 aadthepeening iy the orifige p‘ﬁ@t@ @Dy teyoritienal epd efpidmaydisehyrgapaicepr i at el y

si zed coasdeniid td B8 opérBticrbTIRY i 46D closed cell or
reservoir “Pack ressure§ Ba ﬁg%re:ﬂﬂehgégf %e?setn?afb§° ?nall

ack
bubfl es B?f'CSP’;EFa?ﬁ mf"b?e P@?E?‘I WWY@PPFRPT@?MSEW camtsiriction. ot ocol st andi ng

;alone, is extrenely effective for contam nant separation in an aqueous
“system When ¢t hi SE’@ oco L@ rrent ed with the el ectrochem cal
A0 PGy

-
&,

embodi ment s - d'$4T heé"*%;? a'?té%ﬁ Flogedfel o eseryoiawith thialbpciprressure|
separ at i enhapgestteeravdtiatsity hmndlllmabta@@@f&lxnd@ﬁt fbereAdion | 'irﬂﬁ@& {]rﬁt ?fs EFHtcR:o further

processeg, ti h._enbodi nents o i nventi1on have .
been descr'?[ﬁegga H'EOV 9998.{-.8 § %C(BYG °ir ﬁ? g‘H'"""’f@‘*’Pﬂ%‘f@t"ﬂ)a%ﬁ%ﬁOtﬂ‘s fistem.-be appar ent
t o t hoseWskn thisqetotoepl ismalgmenteu véth thewsientrodseniiedl einb Sdihéee 8is& 683, RAdyhergy

results providing a highly powerful separation system which has the appeal of being

incorporated into further processes as a unit operatlon

Although embodiments of the invention have been described above, it is hot limitéd
20 thereto and it will be apparent to those skilled in the art that numerous modifications form part

.of the present invention insofar as they do not depart from the spirit, nature and scope of the .
claimed and described invention.

v
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.‘of t he present invention insofar as they do not depart from t he2®pian 12{4;04
nature and scope of the clainmed and described invention. 2 0 JAN 2004
CLAIM 28 1. A continuous nethod of separating contam nants from an aqueous
solution conprising the steps of: provigding an aqueous sol ution cont fu ni ng
cont anmilic#im; providing a closed reservoir having an inlet and an outlet,
said inlet at a higher elevation than said outlet; introducing said
aqueous solution into said reservoir; entraining an oxidant into said

| yt : / [iC ssure in said reservoir
et e bubbi oo Nk hélfod YPEipaRi i SRS Earfi F57 4 Fri R Spltipab

sur f acEOWPESINGIeioNs s of oxidant with said contamnants in said aqueous

sel ectively inducing a pressure

3?!5gt)lnglnnu?F;&‘eﬁd:?néiuéaugg%@é“d%@%@%@? aF‘H’af’foccul ate oxidized

cont ani nant $Mvifing aclgegrhieaeroiphasiag fin imetsmidchnaLuen S&id Fibtl | b®ighed: The

met hOde%@at&ﬁwtthér%éthPetm aim1, further including the step of adjusting

said super atnospheric pressure relative to said pressure extraneous tg

sai d reser v!ﬂtfpdu@ng Erméaqmdme@omsmseﬁ émd:ltréseh{b,rcl ? mént\l/\k;elrﬁl Qalegt rai ne
ution flow counter cu

?)élsg?\r/]gi ?nd hed aﬂ%ﬁﬂg 'Etgssgltdlffaé’?f"i‘? PN m 1, further including the

step of promdﬂmqngsemer apnmuncpfee‘sunefm gaa%eﬂ;d%%ﬁ ﬁﬁzlfenﬁug Iaelrs% 1&V:c E?t her

t hod as set
:ng: 33%{&%g‘ﬁg'ﬁstg%?%t?yx’lé’%’ﬁ‘?‘tﬂ?lﬁ"ﬂl?}'e ?%ﬂa@fﬁ?eofthuweapf oxdant aifheaids sol uti on
and oxeéetaninants smsald aqseyusGblutio®. The nmethod as set forth in claim1,
wher ei n press continuity is induced by passing oxidized aqueous
sol ution throﬂ%’ﬁggﬂ SPreMianty 3pd. 7. The nethod as set forth in claimsé,

wher ei n hydsMWélﬁdiming 'Aa\ﬁlfrg%%ugé a88oritifuity@hthnS Bl br sl QPR RAIGat"T CUIh
sai d O&Ic];l'zé:ue cd%a?maﬁantg ?nto a separate phase from said aqueous solution.

2. The method as set forth in claim 1, further including the step of adjusting said
super atmospheric pressure relative to said Pressure extraneous to said reservoir.

3. The method as set forth in claim 1 ,» wherein entrained oxidant and said
aqueous solution flow counter currently in said reservoir.

4, The method as set forth in claim 1, further including the step of providing over
ﬁ} pressure relief in said reservoir for relieving undissolved gaseous oxidant.
5. The method as set forth in claim 1, further including the step of controlling

residence time of said aqueous solution and oxidant in said reservoir.

6. The method as set forth In claim 1, wherein pressure discontinuity is induced
by passing oxidized aqueous solution through an orifice plate.

7. The method as set forth in claim 6, wherein hydroxylradlcals are formed in
said solution from passage through said orifice piate.




(pgeconditioﬁ?

8. The method as set forth in claiml1, further including the step of
isolating a floc phase from said aqueous solution. 9. The nethod as t
forth in claiml1, further including the step of including an eI%@:tJlAb‘c@Eﬁ
within said reservoir for electrocoagul ating said contam nants in said
aqueous solution. 10. The nethod as se&aforth inclaim9, further including
the step of providing a plurality of sSpaced apart electrodes in said
reservoir for contact with said aqueous solution. 11. The nethod as set
forth in claim9, further including the step of providing granul ar

el ect r 0CORUHGLY MG dTREE b in Watnhl, FurBiRl FchBRe ¢ Qich oR6latafpl vk pipsel ectric

current to said material for electrocoagulation of said electrocell. 12.
The net hodromssaidagudony 1WA cl ai m 9, further including the step of inducing
turbulent flow through said electrocell. 13. The nethod as set forth in

claim1l1, further including the step of preconditioning said aqueous
solution prior to treatnment in said reservoir. 14. The netqod as, set forth
i ncl ai m D3Thenhethaal as setdorth igclapn bifuhes bslvding thsrsiengT inplAingaLcleqgfdval of

- suspended vvc‘i%&nl sgi%l ré:s@%\%ﬂ'iﬁq & eg{rbgo;iﬁllihtin%éiid B RQR s@Samedus keliitida. i n claim 1,

wherein said step of providing a closed reservoir includes: positioning an
el ectrocell with said reservoir for applying an electric field to said
aqueous solution; and oxidizing said contam nants mﬁth_saidzgxidant and
f1'occul at i gTEanadhodon s firtidn cleinhy: furdiepissludies ths seartiprevides PR Pel d. 16. The
method as o%etaﬁégcp aré)gl? ge&o%lesaih Did Roser MF FPESndPG v SE NG ubhe sqtirp. of

aqueous streamto renove insoluble material fromsaid

‘adueous solution. 2 0 JAN 2;04 30 17. The nethod as set forth in claimls,

further including the step of inducing counter current flow between

ent rai ned nxTwﬂmﬁhgmmsgé@ﬂlmqhémﬁém§UFGFP@W%ﬂE@EPPﬁ@UW€Wﬁ§Hn§§:set forth in
ol al m 15, ULLDeEOCkHN%ibA%R &R 0F ADBHERGIGRUGRERa Lh sai d
reservoir TOr €nhancing contact between said electrocell, said oxidant and
said aquenateria fir gettoroaghBtioTfsaidetepientelhs set forth in claim15, further

“including the step of rotating said electrocell within said reservoir.

N
H i
e

12. The method as set forth in claim 9, further including the step of inducing turbuient

flow through said electrocell.

13. The method as set forth in claim 1, further including the step of preconditioning said

aqueous solution prior to treatment in said reservoir.

14. The method as set forth in claim 13, wherein said step of preconditioning includes

removal of suspended solids in said solution.

15. The method as set forth in claim 1, wherein said step of providing a closed reservoir
includes:
positioning an electrocell with said reservoir for applying an electric field to said aqueous

solution; and

oxidizing said contaminants with said oxidant and flocculating said contaminants by

exposure to said electric field.

16. The method as set forth in claim 15, further including the step of preconditioning said

aqueous stream to remove insoluble material from said aqueous solution.




20.  The nmethod as set .forth in claim15, wherein said electrocell includes
a plurality of spaced apart el ectrodes, each el ectrode of said el ectrodes
being insulated from an adjacent el ectrode. 21. The method as set forth in
claim15, wherein said el ectrocell includes a plurality of movabPelAN 2604

el ectrodes for enhancing contact of said electrodes with said oxidant and
sai d aqueous solution. 22. The method as set forth in claim1, further
including the step of providing a pliorality of reservoirs arranged such
that an outlet of one reservoir of said reservoirs is in valved fluid

conmuni ca h an [eservoirs,
sai d vaIvgéqﬂFmﬁhﬁdéﬁﬁﬁﬁﬁ@éﬁglon bg?ﬁépggaméfﬁgﬁéQjﬂmﬁlngghgeushing
connect ed cueSe fly® bétscerBtraibbrboxidehtod sad agebusfsohutibn.i n cl ai m 15, furt her
in¢luding the step of providing a plurality of reservoirs arranged such

that an outlet of one reservoir of said reservoirs Ls invalved fluid
conmuni catig ome\nidtl’mdam sdt idreatin ofhinal, Adjhacieritdingthe stoofiindyking &irbhlenes er voi r s,

ottt et S T AEH, Sl A A ARLE) LS oRBE ald D) 1O

Oor separating contam nants from an
agqueous sohuHoiddluteENPri si ng: an agueous source contai ning contam nants; a
cl osed pressurizabl e reservoir having an inlet and an outlet, said inlet
being disposed at a hi her el ev gn sai. d outé sald inlet in
connunlcatgdﬁ“quﬂ?¢§éﬁﬂ rﬁﬂﬁé@ﬁ%ﬁigﬂﬂﬁ H@%%QWF%W RS ng an oxi dant
under presgldfrSeell MiinS@idGeseRSRr VOI I 20 JAN 2. 001, 31 an el ectrocel
di,sposed within said reservoir for electrocoagulating material in said
aqueous source; neans for supplying current to said electrocell; and nmeans
for selec tzlov’ﬂ{eymeiﬂMLh@ isgt Gorttyid cdhy bR Mhereh]a?aidte&birm&ll imludessat ed aqueous

| ut t fl te d t t f
21 aqueanulsiivsd ede SRR S | RefraRRARLR AR5 J0T |

sai d resermabjfcmbiiutiodes at | east one pressuri zabl e contai ner. 26. The
apparatus as set forth in claim 24, wherein said reservoir conprises a
"subterranean earth. formation. 27. The apparatus as set forth in claim 24,
wher ei n saildTied mebadosebtlforitniolclathe $5,avhetei saldi elagtreell includes a

plurality of movable electrodes for enhancing contact of said electrodes with said oxidant

and said aqueous solution.

22. The method as set forth in claim I, further including the step of providing a phurality
of reservoirs arranged such that an outlet of one reservoir of said reservoirs is in valved
fluid communication with an inlet of an adjacent reservoir of said reservoirs, said valved

{ } fluid communication being adjustable for back flushing connected reservoirs.

23. The method as set forth in claim 15, further including the step of providing a plurality
of reservoirs arranged such that an outlet of one reservoir of said reservoirs is in valved
fluid communication with an inlet of an adjacent reservoir of said reservoirs, said valved

fluid communication being adjustable for back flushing connected reservoirs.

24. An apparatus for separating contaminants from an aqueous solution, comprising:
an aqueous source containing contaminants;

a closed pressurizable reservoir having an inlet and an outlet, said inlet being
disposed at a higher elevation than said outlet, said inlet in communication with said

aqueous source;

means for introducing an oxidant under pressure into said reservoir;




spaced apart el ectrodes. 28. The apparatus as set forth in claim?27,
wherein said plurality of spaced apart electrodes are arrangedogoaxially.
29. The apparatus as set forth in claim 27, wherein said el ectrofl8s/AN 200}
conprise individual plates of electroconductive material. 30. The
apparatus as set forth in claim293lwherein said plates are solid. 31. The
apparatus as set forth in claim?29, wherein said.individual plates include
a per meabl ansleatdceMiitised Witlif fhid &séﬂcﬁﬂ@ﬁ&&tt@&ﬁ@ﬂhﬁ{g n‘%eréﬁiﬁ!sﬁg .

el ectroconductive material. 32. The apparatus as set forth in claim 27,
wherei n sai §9¥PEPPEEel | i ncl udes di screte beads or granul es of

eIectroconduﬁﬁhMBrﬁ@ﬁ@ﬁ@a&n&ﬁkn@ﬁeﬁ@ﬁamngﬁgrvoir and between sai d spaced
apart el ectrodes, 3§G?The apparatus as set forth in claim?29, wherein said

pl at es i ncl FEESHRLKEHSH pdustngihsdrodymamis fawition fngreaisd aedus salytietos sol ut i on

wi thin sai dflbeset@idized 3utantintARRA @bdte B1sSBbm kAl LihebR sSlg\é"dT‘ 32, wherein
said reservoir includes neans for inparting notion to sail eads or

granules within said cell. 32 2 0 JAN 2j4 35, The apparatus as set forth in

_claim 24, whermikBpsaedoeh a@@&%rﬁatiﬂs,]ain'ﬂ@l,U@l@éiﬂ%aﬁlrweﬁrurhyr%}ﬁfses Jt{?ﬁ%ﬁro}{g irs, each
reservoir including an el ectrocell having said el ectrodes, erein said

each reser vBISSUTHOIGBRINGE | east one of a plurality of solid plate

el ectrodes, perneable electrodes containing bead or granul ar
electrocondgﬁgive material, bead or granular nmaterial between said

el ectrodes {1 'T5PRPaFAEEES HSEthdp claime dhiwherainisaid reshepieedmprisés a The appar at us as
set forth i pubtdr@ahdinddth hefiRhN said reservoir includes over pressure
relief means for relieving excessive pressure within said reservoir. 37.
The apparatus as set forth in claim?24, wherein said apparatus includes

i quid sens le .with ueous sqlution |evel in said reservoir
ang sai d rre%ig . o‘?pgﬁ af&r%'?lg %)eggocg?’ AR %ﬂBvsfralgﬁ?ﬁiet‘j?ftf)ocglélnalugeéé‘éﬁl‘{f@ft}’ % or

rel easi ng oxiadalsipart eledrogdes. d reservoir. 3 8. The apparatus as set forth in
claim 24, wherein said neans for selectively inducing hydrodynamc
‘cavitation conprising a variable orifice valve for altering outlet pressure

at sai d outd. ghe fpastisds 6L E&RMVIPLIRim ﬁ?@wh&@ﬁsﬁ@@ﬂﬁ*&ﬁi%sﬁa%e@ﬁ}aﬁf orth in claim

30, wherein saig pl ates include apertures in spaced telation.
electrodes are arranged coaxially.

29. The apparatus as set forth in claim 27, wherein said electrodes comprise individual

plates of electroconductive material.

] - 30. The apparatus as set forth in claim 29, wherein said plates are solid.
31. The apparatus as set forth in claim 29, wherein said individual plates include a

permeable shell within which s disposed granular or sealed electroconductive material,

32. The apparatus as set forth in claim 27, wherein said electrocell includes discrete beads

or granules of electroconductive material within said reservoir and between said spaced

apart electrodes.

33. The apparatus as set forth in claim 29, wherein said plates include means for inducing

turbulent flow of said aqueous solution within said reservoir.

34. The apparatus as set forth in claim 32, wherein said reservoir includes means for

imparting motion to said beads or granules within said cell.




. The apparatus as set forth in claim39, wherein said apertures induce
?Srbul ent p1l‘ol ow of said aqueous solution. 41. The apparatus as set for%ﬂh I n
claim40, wherein said apertures are profiled for localized 1 20 JAN
concentration of an electric field p3r20duced within said apertures. 42. The
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material between sald electrodes in said reservoir or a combination thereof,

36. The apparatus as set forth in claim 24, wherein said reservoir includes over pressure

relief means for relieving excessive pressure within said reservoir.

37. The apparatus as set forth in claim 24, wherein said apparatus includes liquid sensor
means operable with aqueous solution level in said reservoir and said means for

P introducing said oxidant into said reservoir for releasing oxidant into said reservoir.

38. The apparatus as set forth in claim 24, wherein said means for selectively inducing
hydrodynamic cavitation comprising a variable orifice valve for altering outlet pressure at

said outlet of said reservoir.

39. The apparatus as set forth in claim 30, wherein said plates include apertures in spaced

relation.

40. The apparatus as set forth in claim 39, wherein said apertures induce turbulent flow of

said aqueous solution.

41. The apparatus as set forth in claim 40, wherein said apertures are profiled for localized

3 . e
{J‘ : concentration of an electric field produced within said apertures,

42. The apparatus as set forth in claim 24, wherein said apparatus includes a plurality of
pressurizable containers in alternating inverted relation where an outlet of one container
of said containers is in fluid communication with an inlet of an adjacent container of said

contajners.

43. The apparatus as set forth in claim 42, wherein said containers in fluid communication
include valve means disposed therebetween for selective operation to permit back

flushing of reservoir contents.




