1 METHOD AND APPARATUS FOR TREATING WATER OR
WASTEWATER OR THE LIKE FIELD OF THE INVENTION 5 The present
invention relates to a method and apparatus for treating water or wastewater
or the like. More particularly, the present invention relates to an
electro-physical precipitation manner of tréating wastewater. Most
particularly, the present invention relates to a method and apparatus for 10
waten@Ewasis aies RpBIRHIK e HERA AR RIS NINTrERCHRING SRR
of water or wastewater and the like. BACKGROUND OF THE INVENTION 15
The industry and tradesmen are unggt gpjigation, to avoid polluting the
waste water whenever possible or, on the basis of 7a Section 1 Sentence 4
of the Federal Water Act, if the waste water contains hazardous substances,
to clean up the waste Water on the basis of the state of technology. In the
Mahalgeimk Mldste Act, the avoidance of waste has the 20
highest prlorlty The | mcreasmg demands on industry and municipalities with
reyard to wastewater treatment plants do not only create greater volumes of
wastewater to be treated and sewage sludge to be disposed off, but often
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relates to an electro-physical precipitation manner of treating wastewater.
Most particularly, the present invention relates to a method and apparatus for
10 water or wastewater or the like treatment and softening, including pre-treating

of water or wastewater and the like.

BACKGROUND OF THE INVENTION

15 The industry and tradesmen are under obligation, to avoid polluting the
waste water whenever possible or, on the basis of § 7a Section 1 Sentence 4
of the Federal Water Act, if the waste water contains hazardous substances,
to clean up the waste water on the basis of the state of technology. In the
Recycling Management and Waste Act, the avoidance of waste has the

20 highest priority.

The increasing demands on industry and municipalities with regard to
wastewater treatment plants do not only create greater volumes of

wastewater to be treated and sewage sludge to be disposed off, but often also



the sludge in many municipal wastewater treatment plants has significantly
decreased since the phosphate elimination has been started. 5 Innovative
processes for waste water and sludge treatment as well as the raising of the
efficiency of mechanical treatment plants are thus gaining more and more in
importance through the increase in the stréams of waste in many areas of
environment and process engineering. The difficulties arising in 10 the

exploMRHQN 4 diSBRRAWRN WEGHRd BSIHHES UK RHBRES BN EhE UMHHRNIM Akke the

treatment processes in order to reduce the amount of waste and even to

recovgsrpaienatfisphsieipiae A ABre iffitafe $38 SR PRE @RS MY PAtion of
enable the 15 separation of the colloid components through filtration and

sedinlestalioigdoin ecampmgricipat codstroaltee asensndhoniamsdias signiditantly
suspended in the wastewater and very finely emulated and distributed. In
such dgsteassdrrinegigmidnsphiie adyuaioehagjeeshtstapeasticles in the
same direction has a disadvantageous effect, which make the efficient
séparation in mechanical 20 installations more difficult and necessitates the
use of chemical additives, such as polymeric and/or organic flocculation

agents. The' BIRVRRRREMSTERLY WASHE YRteOd S aRE HEaYRR has well as
carried out using.electro-physical precipitation. In that case the electrically. .
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Depending on the wastewater composition additional oxidation processes
may aaHl H1dB8 of environment and process engineering. The difficulties arising in

10 the exploitation / disposal of waste require always improving conditioning and
treatment processes in order to reduce the amount of waste and even to

recover materials.

Therefore, pre-treatment processes are necessary that enable the

15 separation of the colloid components through filtration and sedimentation for
economic and ecological reasons. Contaminates are often suspended in the
wastewater and very finely emulated and distributed. In such systems the
alignment of the negative charge of the particles in the same direction has a
disadvantageous effect, which make the efficient separation in mechanical

20 installations more difficult and necessitates the use of chemical additives,

such as polymeric and/or organic flocculation agents.

The pre-treatment of these waste streams can alternatively be carried

out using electro-physical precipitation. In that case the electrically charged



removal of certain water content substances during the application of the 5
electro-chemical process. The knowledge of the mechanism of the various
reactions is thus of particular importance for the optimisation of the process
and for the adjustment to the special requirements in the case of the
substance systems to be treated. TherefoBe the consideration of the electro-
chemical theory, on which this is based, is of particular importance for the 10

developmant af &g QregERSHe AR FXAMRIRSIOtRE QU &t 9SS MRINPaBIF here

may relate to the background of the present invention, are briefly described
hereigdar wissugriorsuyasenloUhEatenidNg : 6i@d/ Wigfbnteaghes ithe
one aspect an electrolytic purification method and apparatus for treatment of
wasteveatenee ducepatieoncatiditipgan drichtivth pyowdsksdiomaly result in the
water-soluble organic and other oxidizable materials contained therein. The
electreiytiyaudficaitinsyatan ofenhsubetaniss uliliteg dne spplioagon of the
electrochemical cells. The cells employ stainless steel electrodes and
cOntaferBA-eRPIBICRhRIAR TS mbRA<BAY adasuatd Tre e ARt 9loths various

through the cell. The iron chips are in electrical contact with the anode and
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liquid-permeable barrier. The ifon chips thus 4 provide a dynamic and flui
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chemical theory, on which this is based, is of particular importance for the

10 development of the process.

Some examples of prior art documents, which may relate to the
background of the present invention, are briefly described herein for
discussion purpose.

15

US Patent No.: 6,55,977 briefly teaches in one aspect an electrolytic
purification method and apparatus for treatment of wastewater to reduce
chemical oxygen demand, by oxidation of water-soluble organic and other
oxidizable materials contained therein. The electrolytic purification system of

20 the invention utilizes one or more electrochemical cells. The cells employ
stainless steel electrodes and contain iron chips, which are mobile and
circulate freely as liquid flows through the cell. The iron chips are in electrical
contact with the anode and are prevented from making contact with the

cathode by a non-conductive but liquid-permeable barrier. The iron chips thus



5 apparatus, comprising two or more electrochemical cells, arranged in series
for sequential flow of wastewater there through to affect the desired level of
COD removal. In one specific embodiment, the invention relates to an
electrolytic oxidation process for purifying a wastewater stream by oxidation
of water-soluble organic and oxidizable iforganic substances contained
therein. 10 US Patent No.: 6,325,916 briefly teaches a method for separating

CONLGHRRIAIN S M RIMEP i QEEH SO UL GRS EMIEN IAfNR sistant to

embodiment, thé method involves the use of a high powdered oxidant 15

dissop@ebwifariedhe geld@us. system. The gas is dissolved within a reservoir
in the aqueous solution and the pressure within the reservoir is controllable.

This allows maximum contact of the oxidizing dissolved gas with the
contaminant material. Once oxidized, the outlet of the reservoir is adapted to
permit hydrdiiie gagtiionserftes net affeidtesf aspasdvication Sligctooisticicexiala®mn
foam formation which foam transports a floc into a separate phase from the
a§ue80BAAIYRo ORI ANALY TRETBrEIRSERNBfficHefis ars3pardiin series
oxidizing gas mass transfer process. In another embodiment, the process

may B EGHRIRIABY QEURSLDABIRLHNTETRIS WAL I0RTRR i Grsiiediiaveicof

cell W&SB is disooo?ed within the re§ervoir cor tain{ the. oxidant ma]terial. By
repidyal In one, Specilic ﬁmb? men e_invenfion relates fo”an
5 providing electrodes and exposing the efectrodes to a source of current,

the ¢ ' withi A . o o
other e T o e AR ST M ricapon o
gaseQuieR¥KlaMe organic and oxidizable inorganic substances contained therein.

10

US Patent No.: 6,325,916 briefly teaches a method for separating
contaminants from a aqueous source containing contaminants. In one
embodiment, the method involves the use of a high powdered oxidant

15 dissolved within the aqueous system. The gas is dissolved within a reservoir
in the aqueous solution and the pressure within the reservoir is controllable.
This allows maximum contact of the oxidizing dissolved gas with the
contaminant material. Once oxidized, the outlet of the reservoir is adapted to
permit hydraulic cavitations. The net effect of the cavitations is to induce a
20 foam formation which foam transports a floc into a separate phase from the
aqueous solution. In this manner, the process is effectively a dissolved
oxidizing gas mass transfer process. In another embodiment, the process
may be augmented by electrocoagulation. This involves the use of an electric

cell which is disposed within the reservoir containing the oxidant material. By



5 US Patent No.: 6,740,245 briefly teaches an invention to provide extremely
efficient, low maintenance, low energy cost modular water purification and
contamination control technology for the non-chemical disinfection and
contaminant separation of various types of water or 10 wastewater streams.
The water treatment and purification area8 of particular interest include, but
are not limited to, drinking water, ship ballast water, marine discharge

waste@IffinGUREEEES ARd IDEMSIIRY GROUSEWRIBS HdUSSUA!EBE current, the

commercial hazardous and/or toxic eftluents, manufacturing process water,

indusgdatanashine tohisoplaniguswags @ith agiceltver! axdizba fepdtherwise
processing streams. Specifically, the non-chemical water purification and

disinfeetjclee canolalgy afdimpligwentonrexiokitiaivghel tidatrdessbeifidieyaseous
than more conventional water treatment methods that rely on chemicals,
traditiondfo filtration, reverse osmosis, ozone generators, etc, and also
involves reduced energy costs. By eliminating the treatment chemicals,
inereasing sub-micron particle size solids separation and removal, and by
very efficient destruction of bacteria and biological agents within the treated

water througtPeRRIFIGING drfdi Yetrrciohy deaaiierast dp&aihde provide

maintenance and_ serious |1ea|th 6. and water treatment problems can be
. .extr%meelg giliCient, JOW  maintenance low, eneray. c?st ma ular e{vater
eliminated, resulting in the economic™ recovery of contaminated water, an
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non-chemricalomatgndreamantifisinfeeli@fation of various types of water or
10 wastewater streams. The water treatment and purification areas of particular
interest include, but are not limited to, drinking water, ship ballast water,
marine discharge wastewater, commercial and industrial cooling water,
industrial and commercial hazardous and/or toxic effluents, manufacturing

process water, industrial machine tool coolants, sewage, and agricultural and

15 food processing streams.

Specifically, the non-chemical water purification and disinfection
technology of the invention exhibits higher treatment efficiency than more
conventional water treatment methods that rely on chemicals, traditional

20 filtration, reverse osmosis, ozone generators, etc, and also involves reduced
energy costs. By eliminating the treatment chemicals, increasing sub-micron
particle size solids separation and removal, and by very efficient destruction of
bacteria and biological agents within the treated water through electrically-

driven disinfection; a number of operational, maintenance and serious health



5 and purification technologies that represent realistic, "user friendly", and
cost effective answers to global water availability issues and concerns. US
Patent No.: 4,149,953 briefly teaches a treating chamber operable as an
electrolytic cell is provided, in which the electrodes have large surface 10
areas relative to the volume of the electrofyte. The anode is composed of a
quantity of aluminum particles and the cathode is composed of a quantity of

iron pEClESHSROSRIEM Pt dfi%iRMBNN AR MRS IRWREEEconomic

containing impurities is introduced into the treating chamber and utilized as

the eleebobAe ofBRIRGHiISELUr QRts apmliadtinihe el citrEes/taioisselyeickkhion,

aluminum and iron, and produce floc in the treating chamber. The impurities

in thenwdapestaoti adsbshedkimgl detkingdviayethaufiplie . M vadieyatarisitay beject
continuously re-circulated from the treating chamber to a holding chamber, or
may loé the s donssyidne tal @siiaklishandnroresiecttodaisirtre doremudigin feption
through system at a predetermined flow rate. The floc containing the 20
a@soEU RHTPIGALIES S LpRIPAIEa st eREaRaREr BFlisbnvaIsoTEeRiBANGNA oSt
an alternative, clean water containing normal dissolved solids may be
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electric current is applied to the aluminum and iron electrodes to produce
floc. Floc-laden clean water is conveyed to a chamber containing

wastewater, Ao ikes! thsiRads blRsgaaiinina meuries Adsptes lome

the wastewater then is separate water by conventional mea
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contaminant separation utilizes an interleaved array of oppositely charged
10 areas relative to the volume of the electrolyte. The anode is composed of a

quantity of aluminum particles and the cathode is composed of a quantity of
iron particles disposed in close proximity to the aluminum. Wastewater
containing impurities is introduced into the treating chamber and utilized as
the electrolyte. An electric current is applied to the electrodes to dissolve
15 aluminum and iron, and produce floc in the treating chamber. The impurities in
the water are adsorbed and retained by the floc. The wastewater may be
continuously re-circulated from the treating chamber to a holding chamber, or
may be moved across the aluminum and iron electrodes in a continuous flow-
through system at a predetermined flow rate. The floc containing the
20 adsorbed impurities is separated from the water by conventional means. As
an alternative, clean water containing normal dissolved solids may be
introduced into the treatment chamber and utilized as the electrolyte. An
electric current is applied to the aluminum and iron electrodes to produce floc.

Floc-laden clean water is conveyed to a chamber containing wastewater, and



electrode plates for fluid treatment. Spacing between the parallel electrode
plates is graduated so that the volume of the cavities between the opposing
electrodes provides varying levels of treatment of a broad range of
contaminants from a variety of fluid columns. A fluid flow path extending 10
substantially orthogonal to the direction of’the electrical field established
between opposing electrode plates provides a feed stream with exposure to

the vaRying igriaviheIRRIECE HBMIOES iRFIRRR HEBIREHORE RIS wHitewater

method and apparatus provides an effective means of contaminant

sepatalifns k¥ pueavica diavingdasenal eeinsitioyad rrawising low amounts of
electrical 15 energy. US Patent No.: 6,923,901 briefly teaches an invention

to provide extremely efficient, low maintenance, low energy cost modular
water purification and contamination control technology for the non-chemical
20 disinfectidf &atecdMamm@BB SEdakaikdy tfachesus mpdodfandtapprratus for
wastewater streams as encountered in the marine industry. The water
treatri@nieaH B3 rFRRAIGH U 486D AR dUISH AR e sRIFRYUAE opBPalenotharged
limited to, ship ballast water and marine discharge wastewater. Specificall
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treatrRént matHcas i rely on chemicals, traditional Tiltration, reverse
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eliminating the treatment chemicals, increasing sub-micron particle size
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10 substantially orthogonal to the direction of the electrical field established
between opposing electrode plates provides a feed stream with exposure to
the varying levels of electrical charges between the electrode plates. The
method and apparatus provides an effective means of contaminant separation

by a device having a small footprint and requiring low amounts of electrical

15 energy.

US Patent No.: 6,923,901 briefly teaches an invention to provide
extremely efficient, low maintenance, low energy cost modular water
purification and contamination control technology for the non-chemical

20 disinfection and contaminant separation of various types of water or
wastewater streams as encountered in the marine industry. The water
treatment and purification areas of particular interest include, but are not
limited to, ship ballast water and marine discharge wastewater. Specifically,

the non-chemical water purification and disinfection technology of the



biological agents within the treated water through electrically-driven
disinfection, a number of operational, maintenance and serious health and
water treatment problems can be eliminated, resulting in the economic
disinfection of ballast water and the like and thus avoiding spread of 10
nonindigenous species. Accordingly, it is the object of the this invention to
establish non-chemical water treatment disinfection and purification

techn@lagigsHNatfBRECARIMNTCRUSHGeSEH BN h AN Fherst &IfRei®nal water

answers to global water issues and concerns, particularly in the marine and
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apparatus for treating water by means of an electric field. An Anode and a
cathoskharsisaroangedyenerdieatneantaivhaibe invblieesatbddeckhasne ol kalitis 0By
parallel pins. Seed crystals are deposited on these pins. There are means

for seglemitaitpohibscreadti?0 chastidalfroncthaspigssutheigppapatticls sz eaids
simple design and is to have high efficiency with regard to the formation of
s€ed WPIHAOT RO APIOQETS R DKeyR el firdPhliRSHERHNIGhPacdelds and
end, the seed crystals are separated or stripped from the pins by means of a
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device. 5 US Patent N brlefly tea es an appa or water
disinfection of ballast water and the like and thus avoiding spread of

10 nonindigenous species. Accordingly, it is the object of the this invention to
establish non-chemical water treatment disinfection and purification
technologies that represent realistic, "user friendly”, and cost effective
answers to global water issues and concerns, particularly in the marine and
maritime-related industries.

15

US Patent No.: 6,613,201 briefly teaches an apparatus for treating
water by means of an electric field. An Anode and a cathode are arranged in a
treatment chamber. The cathode has a plurality of parallel pins. Seed crystals
are deposited on these pins. There are means for separating these seed

20 crystals from the pins. The apparatus is to be of simple design and is to have
high efficiency with regard to the formation of seed crystals. The cathode is to
be kept free from lime depositions. To this end, the seed crystals are
separated or stripped from the pins by means of a perforated disc. The pins

extend through the holes of this perforated disc. The perforated disc is guided



treatment by means of an electrical field is provided with an anode and a
cathode in at least one treatment chamber through which the water to be
treated passes. The apparatus is characterized in that the at least one
treatment chamber forms a prismatic space with an elongated cross section,
10 the anode and the cathode are formed®y pairs of parallel, stick-shaped
electrodes which extend spaced apart into said space and a voltage is

applicRileReWRENTINE SR ALBSH HNELNELNRAG IRARNHESEURERT by an

chamber is connected to a water inlet and the other end of the at least one

treatrapistiehafbls! PHeoBReGIethiBtarRieeuiiRioMd aIREIOA \rielbivwibADf a
15 one electrode to the other is generatable which is substantially transverse

to thedfmngiatieaioaxedaf Hyeoatentidiey. déSi¢tatent No.: 6,122,599 briefly
teaches an apparatus for analyzing particles suspended in a fluid. The fluid
has electrical properties different from 20 that of the particles. The fluid and
particles move from a first fluid containing portion to a second fluid containing
pértion throlsh BEXGAHUNDY &ttt BALYiESY pifrehete@rodepacaips for water
electrode of the pair being in a respective fluid containing portion. A

constiERiNeRE &Y CAEsLHh ¥ ABriRlEGHERVABIY e RIRYIgTy Sl Giyanode and a

electiofes,and e path exienda alang the apertute, Al Sast AT 10,91l e
pair of electrodes Is positioned in a non-encircling afrangement, and 1S

aligneel it ach athegian %rﬁﬁ‘;%[i'ﬁi{%r S8 t%HHF‘aEf%’Pi%BthBﬁeﬁig%Eﬁg é%aiga;rth She

configuration eliminates many common errors suscept evices. 5

US paesthifr hanB Sty hachne sp-aBRaiiRtdn DbHEABAW&d&sdYon,

means of an electric field. An anode and a cathode are arranged in a
10 the anode and the cathode are formed by pairs of parallel, stick-shaped

electrodes which extend spaced apart into said space and a voltage is
applicable between the electrodes. One end of the at least one treatment
chamber is connected to a water inlet and the other end of the at least one
treatment chamber is connected to a water outlet, whereby a waterflow from
15 one electrode to the other is generatable which is substantially transverse to

the longitudinal axes of the electrodes.

US Patent No.: 6,122,599 briefly teaches an apparatus for analyzing

particles suspended in a fluid. The fluid has electrical properties different from

20 that of the particles. The fluid and particles move from a first fluid containing
portion to a second fluid containing portion through a conduit or aperture. A

first pair of electrodes, each electrode of the pair being in a respective fluid
containing portion. A constricted electrical path is defined between the first

and second electrodes, and the path extends along the aperture. At least one



treatment chamber. Seed crystals are deposited on the anode and are
stripped there-from to be carried along with the water, which cause
crystallization thereon of carbonates contained in the water. Thereby 10
formation of boiler scale, when the water is heated, is reduced. The water
from the treatment chamber is exposed td@&nother electric field in an after-
treatment chamber for a dwell time longer than the dwell time in the treatment

chambee, Therekywdeasowih p5hRSEE ther sl IR RNR 8REngB/ent, and is

efficiency of a treatment chamber with after-treatment is higher than the 15

efficiemgyed hientasmeiticeRambemnalrnge WiiRatenstieed. seida peeflyrnis

teaches a liquid containing suspended solids is first passed through an
electrastéitjortieaeslimadtes noaoyreenirflow eaore s dsepldaltr oo esh¢o deNiats.
nucleation and coagulation of the particles. 20 Thereafter, it passes through

an electrolytic treater wherein current may flow between the electrodes to
further encourage coagulation to such an extent that flocculation begins. The
résidual efféées BRI d\ecir§stafic’§8eiethrdoanhetaffgannesnivgelor treating

electrodes of the electrolytic treater such that electrolysis can occur without

sacrifftfigy &Y BIgaH 96 2 RieHE liedr duranade1and 8 SHARGE AR A IR 2

passes. SEquenlly iough grougs of canceptiateg nes of OTCe WIOse 4
repetitious, powertul action fur hér encourages Tocculation. From tne
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clarifying basin so designed that the 5 floc will'settle out and be removed
from Mesbagiauth thEBMUB! AarpBRREAtIhRERSYSHOTRE (RREENCYH by

such material to immediately

10 formation of boiler scale, when the water is heated, is reduced. The water
from the treatment chamber is exposed to another electric field in an after-
treatment chamber for a dwell time longer than the dwell time in the treatment
chamber. Thereby, the growth of the seed crystals is enhanced. The

efficiency of a treatment chamber with after-treatment is higher than the

15 efficiency of the treatment chamber alone.

US Patent No.: 4,104,142 briefly teaches a liquid containing suspended
solids is first passed through an electrostatic treater, having no current flow
across its electrodes, to initiate nucleation and coagulation of the particles.

20 Thereafter, it passes through an electrolytic treater wherein current may flow
between the electrodes to further encourage coagulation to such an extent
that flocculation begins. The residual effects of the electrostatic treater
prevent plating out on the electrodes of the electrolytic treater such that

electrolysis can occur without sacrificing an electrode, and the electrodes are



dissipate and disperse when handled while still in the liquid. US Patent No.:
3,944,478 briefly teaches an electrolytic drainage 10 treating apparatus is
provided to treat a drainage containing a suspension of contaminated
compound whereby the suspension is flocculated and removed by aluminum
ions or iron ions eluted by electrolysis. THé electrolytic drainage treating
apparatus is equipped with a high-speed electrolyzer comprising an anode

and a;gathpdahaying 4 thﬁbgarflrm?repggl%ee@ fRHaRIN Whighgn 1 rouPs of

drainage is forcibly passed as an electrolytic solution. The anode materia

such @snebhiitem AREJrast iISs@itsedvisdensdpethiv eciolysiticaasshbYurther
passing electric current across the gap. The width of the gap between the

anoderanutithgesatiode ltioantrothed. thbe dighrsipeedtielatrolytrerliquid with its
effectively used for various electrolytic treatments. 20 US Patent No.:

6,689]07dulntiedlymetariat dsa dediearedcind datlenfwpstdrasifoispedesigngd that the
contaminants from waste effluents comprising an electrocoagulation reactor
h§vrnﬂ)06h&#§e§9&tﬂﬁj QHbrﬁléeaepI&E?‘é?@ @ﬂ%‘()\/lﬁ?f Jeafil fiwithoBwargimum  of
there- through The reactor is connected to a voltage 12 source to charge

some RHURLIBLRRS RRIGHTE Md EEmIE RGN L TwrCh TR HRY matggned'ately

betwe n Ihet é)os 4|ve and ne atrve Pr (ﬂte}s The {s rﬂ qjlowds wastewater to
e

erse hile
enter e Peacf%r oagul H1ere|n e Was Wa erqveavmg the reactor

to enter a defoam tank for agltatlon which allows trapped 5 bubbles to rise to
the surface of the tank as foam. From the defoam tank, waste water goes

through a slydgeHhisterey: 18 shaw AudgR ) SEH& thA electrolytic drainage
10 treating apparatus is provided to treat a drainage containing a suspension of
contaminated compound whereby the suspension is flocculated and removed
by aluminum ions or iron ions eluted by electrolysis. The electrolytic drainage
treating apparatus is equipped with a high-speed electrolyzer comprising an
anode and a cathode having a thin gap there-between through in which a
15 drainage is forcibly passed as an electrolytic solution. The anode material
such as aluminum and iron is eluted as ions by the electrolysis caused by
passing electric current across the gap. The width of the gap between the
anode and the cathode is controlled. The high-speed electrolyzer is effectively
used for various electrolytic treatments.
20
US Patent No.: 6,689,271 briefly teaches an electrocoagulation system
for removing contaminants from waste effluents comprising an
electrocoagulation reactor having charged and uncharged plates and allowing

serial flow of water there-through. The reactor is connected to a voltage



bottom thereof and waste water is drawn off from the sludge thickener to flow
to a clarifier. The pump removes sludge forming at the bottom of clarifier to
take it back to the sludge thickener. The sludge is drawn out the bottom of
the 10 sludge thickener for transport to a press where most of the water is
removed there-from. Water is drawn off th top of the clarifier for transport to
a conventional sewer system, or for reuse. US Patent No.: 6,315,887 briefly

teaches; pedemicefarde iicati AR kRO Pitel Walnl expre VAR eRith

to remove there-from organic pollutants. The device makes use of a reactor
wherginciig geell preey ez sHPIRS g iRiVid eagaMiipathvackiiit«y. anHezenstem
containing gas in the presence of an oxidation reaction catalyst that is
produttietvivaiktdwatie or elysisthdnedjestfof dbaguiadotiohai@iprabEle/aste water
efficient and economic method for the purification 20 of polluted water,
espettaNjngaBecraaatar, iy esitheroyédeaivraik $iuagitatommybialt allows trapped
contaminants and/or combination thereof in a physically removal form. This
meth8HIES jerffits © K8 @haeRiithg Mg oliotamtd ehtbacdiefanariank,

virus. It is another object of the invention to provide a device for carrying out

the at§PSLNHREHBES THRUGA A& A9PHEIGERET oI Bl RILHEB B FFEE at the

pollu ec% water con}ami ateq with a Iar%e varieR/ of pallut td<, such Bs thotse
ottom %tﬁreo and waste water Is drawn o frolrﬁ(%[ e aﬁ.l lge thickener fo flow
found’in‘the effluent of many orgahic processing plants. Thus, it beécomes

possiple,ayanieve e RAMARLOLIEEI ROERALD MOBIGHOBPEUARS: (o

especially organic compounds foun uentof many polluting 5
indusixies fikadetarkeniggisyiridizs srirsalgiesdReRI GdedH Ob dRAART the
mills and food industries, which generally contain high COD and BOD level. It
10 sludge thickener for transport to a press where most of the water is removed

there-from. Water is drawn off the top of the clarifier for transport to a

conventional sewer system, or for reuse.

US Patent No.: 6,315,887 briefly teaches a device for the purification of

15 polluted water, especially adapted to remove there-from organic pollutants.
The device makes use of a reactor wherein the polluted water is subjected to

the combined action of an ozone containing gas in the presence of an
oxidation reaction catalyst that is produced in-situ by electrolysis. An object of

the invention to provide an efficient and economic method for the purification

20 of polluted water, especially waste water, by either oxidation "in-situ" of its
organic contaminants and/or combination thereof in a physically removal form.

This method also permits to kill contaminating living pollutants such bacteria

and virus. It is another object of the invention to provide a device for carrying

out the aforesaid method. This device can be used for the purification of



is a further object of the invention to provide a reactor in which high oxidizing
conditions are generated so as to fully or partially break down organic
pollutants and transform them into easily removable oxidation products, 10
especially oxidation products having a low density or gas. Thus, this invention
provides a method and a device, which p&mit to purify heavily polluted
water. The method and device according to this invention are devised to

oxidizg e PIBARIC CARMATHARUSFRNERIAREINANe BFSURIShI AL IS eatREse

and to produce during the treatment at least one catalyst of oxidation

reactipnnd an kheveniraitvatad figterddhib Yerebndd tadd6tHudelly becomes

teaches an electrocoagulation system for removing contaminants from waste
efflugndsiblmpoisiciieve #eanaatoagulatioateaptdiutealinghchaygad amthpounds,
uncharged plates and allowing 20 serial flow of water there-through. The
reactesiecialyieotgdnis acaitagendsuiaentd dharhe sHftwent the paasy polluting
positive and negative plates. The system allows wastewater to enter the
reactBierieadiRMGH PRBRETICaISe (RHERS SNVHIERTHERT) (PRSASIIRST @ BnRAPer
a defoam tank for agitation which allows trapped bubbles to rise to the
surfald'i5raRe 19RR REYSHIRS PHYATIE ARRIANT AU IR ESIR REHP QDR Vel It

throu%h aﬁﬂzﬁj e E)hlcl%?eﬁrf to aIIo%N slydge to settle at. the bottom;[h%re%fdizing

6] ]&C %nven on rovigie %react [l Wh{C |
and wastewater is-drawn off rrom the siu ge thickenher to T1iow 1o a ciaritier.

e R GROUFe YunigfeiTIAdAl e RAYOR eI IIR L Rt

the sludge thickener. udge Is drawn o otto
thickeRan{nl 2RRRCKIRAFoREESHaReIfdNass R thenyaidiies SRR products,

there-from. Water is drawn off the top of the clarifier for transport to

10 especially oxidation products having a low density or gas. Thus, this invention
provides a method and a device, which permit to purify heavily polluted water.
The method and device according to this invention are devised to oxidize the
organic contaminants contained in the wastewater that is treated and to

produce during the treatment at least one catalyst of oxidation reaction in a

15 very activated state.

US Patent No.: 6,294,061 briefly teaches an electrocoagulation system
for removing contaminants from waste effluents comprising an
electrocoagulation reactor having charged and uncharged plates and allowing

20 serial flow of water there-through. The reactor is connected to a voltage
source to charge some of the pates positive and negative plates. The system
allows wastewater to enter the reactor for coagulation therein, the waster
water leaving the reactor to enter a defoam tank for agitation which allows

trapped bubbles to rise to the surface of the tank as foam. From the defoam



a conventional sewer system, or for reuse. US Patent No.: 6,274,028 briefly
teaches a method and apparatus for 10 purifying aqueous effluent streams
to reduce chemical oxygen demand thereof, where the method comprises
direct oxidation of water-soluble organic material in an electrochemical cell
that incorporates stainless steel electrodd, whose stability and lifetime are
enhanced by inclusion of circulating metal chips. 15 US Patent No.:

6,126 438 Resilyiaashsse’ MRINQH 8 TeingRIGRYY, ECARRIMSRIESE to sette at

wastewater by electrolysis and oxiclization, said method being characterized

in thahhe sleatraksinpaddrisizatiarere gaiedpytdmanbuidiage beekehar to
suitable particulate carrier. The electrolytic reduction 20 efficiency of ferric

ions ifam pwcyethivijeihd fieipdizep EanbveRtduchysiéorraing dntiseabloighm of clarifier
proportion of iron (111) to iron (11) can be sustained in the system. This
inventiotalsé dnzaelktionsioes oddfichicke o wabealadgevistidiansrowtdhe bottom of
efficiency. 15 US Patent No.: 5,928,493 briefly teaches a process for the
treatriéhSBidaauLickeRRIsterwWERBFRRIh (e R JIFEES Y IRIBON BS e fEADe water is
separation of contaminants, which may include heavy metals, dyes, oils

fats, $808YRS hGEe-Lare: WSS YW Tghes O At ity ipsdiy ixpnsport to

containin% conIam‘nants 5 susceptib}e to electrocoagulation between pairs of
a qanventional sewer System, or 101 reuse. e
electrodes within'a reactor’Cell, énergizing the electrodes with direct current,

thereby breaking down and chemically altering contaminants in the
electrolyzed water to form a

US Patent No.: 6,274,028 briefly teaches a method and apparatus for
10 purifying aqueous effluent streams to reduce chemical oxygen demand
thereof, where the method comprises direct oxidation of water-soluble organic
material in an electrochemical cell that incorporates stainless steel electrodes,
whose stability and lifetime are enhanced by inclusion of circulating metal
chips.
15
US Patent No.: 6,126,838 briefly teaches a method for treating highly
concentrated wastewater by electrolysis and oxidization, said method being
characterized in that the electrolysis and oxidization are carried out in a
fluidized bed of a suitable particulate carrier. The electrolytic reduction
20 efficiency of ferric ions is improved by the fluidized particulate carrier; and
thus a high proportion of iron (Il) to iron (lI) can be sustained in the system.
This invention allows extensive purification of wastewater with improved

efficiency.



seclimentable flocculate therein; and separating the flocculate from cleaned
water. This invention also anticipates an apparatus for treating waste water
10 which comprises: an electrocoagulation reactor cell having spaced-apart
electrodes energized by direct current, a pump for passing industrial waste
water through the reactor and between théelectrodes, a de-foam tank, a
mechanical clarifier, and a recessed-plate filter press. 15 US Patent No.:

4,770,755 ey RAEhRS: a8 968485 Wt%@ﬁe%%?Bréeéﬁifdﬂftﬁﬁ‘%lfégfment of

emulsions and polluted waters, especially oil-bearing waters, by electrolysis

whichrepipEFeR ¥QEICatyaplagaH poirsari RIggtnadernplateefbod salphigtion of
material, spacers for adjusting the distance between the electrode plates and

equiptoatarimaadg stingHimeagdaptiudeinvaeysiostas thigedeotindeat2 Osplatess, and
The tips of the electrode plates defines the only area of the plates in contact
with thalthgUibedohepssifiothariseth @aksitly ofdsienaidion afrtaaiagecro@eninants
plates is adjusted in order to keep the current density between the electrode
tifs WitfFeR R e $8% CrAaH Hition PERwepa RAS IERIREFPHRS YEthigererstor
also adjusted in order to keep the current density between the electrode tips

withirf e SEEIEArEE BIeCBatER N A%%?H%‘B%n%%&@ﬁ%@kﬁ‘%gﬂ%a“d

and a(%naratur? for 5 removm?a ur&ses from a I'ﬂeu'd F4qU|d con aln ing

impurities is SLprEtlte ' e ro"i‘ytlc bath a a pré:tsrg |gy1v efFlan

AtmOSRGHCPIRRS W %ﬁé&&tm iR 'Sa ariarme, gsﬁé"i’lﬁ’é"}ﬂ%& \fgltﬁg@tﬁ’leaned

electrodes consisting of a metal, WhIC eas solves upon e ECUO SIS

The 'Wﬂtgr'sﬁﬁi%ni%ﬁ%ﬂé@o%ﬂﬁ%@%@ﬁﬁ@t@%ﬁﬁ@aﬁ?@ Waste water

flotation separation tank. Fine

10 which comprises: an electrocoagulation reactor cell having spaced-apart
electrodes energized by direct current, a pump for passing industrial waste

water through the reactor and between the electrodes, a de-foam tank, a

mechanical clarifier, and a recessed-plate filter press.

15 US Patent No.: 4,770,755 briefly teaches an electrode unit to be used
for purification of emulsions and polluted waters, especially oil-bearing waters,
by electrolysis which comprises vertically placed adjacent electrode plates of
a soluble material, spacers for adjusting the distance between the electrode
plates and equipment for adjusting the depth of immersion of the electrode

20 plates. The tips of the electrode plates defines the only area of the plates in
contact with the liquid to be purified and the depth of immersion of the
electrode plates is adjusted in order to keep the current density between the

electrode tips within a desired area. In addition, the space in between the



10 bubbles formed during the treatment of the liquid in the flotation
separation tank attach to the impurities flocculated in the liquid by
electrolysis. The flotation separation of the flocculated impurities is
performed very efficiently, and high-purity water can be recovered. The
apparatus comprises an electrolytic bathl€onsisting of a pressure vessel, in
which electrodes of a 15 metal which easily dissolves upon electrolysis are

houseghaada SBBS(%I[&s?élﬁr%tcﬁ‘aléFC?of%QBp{ME‘Q:@rh@?ﬁaaén@t? '_dtween the

electrodes so as to obtain a predetermined current density in a liqui

contagnadritisaigsalgetiivrécdeatfvd \wherein impurities in the liquid are caused
to flocculate by a hydroxide of the metal. 20 US Patent No.: 4,181,591 briefly

teaches a fluid, such as air or water, carrying suspended solids is directed
between a pair of oppositely charged, corrugated surfaces in order to subject
the flow to ddSuRdtdatifg acti6AIH6 ibieddeschesfredueshoy with aptierathe for
solid particles impinge against one 17 another, thereby increasing the rate of
flSccuRMBKH tRPIolies Mot lkhid Stediapishrerpaitice dnmaitesrisgienlied to
surfaces are arranged in an upright condition so that the flocculated particles

attracBd FPEHB Y th BB thelofsuRIFSSUffacBYRFAVIEAR tHTRRRIATIRtPAeSSUTe-

conveying mechanism that delivers such 5 particles to a collectin
Flecolvets 5 ficles fo g colleg

recep aC ec gg%r Eﬁlji bt 'BgrﬁcYé)é,a ﬁ'leet?low IS orceg%st'rsa{'\%]l of a

eCASHEL B S L008 a ERESH00 PEERDE AU ERee0 o
assoGiaiRA W dherURSINdIounRaRSaa% A §ACH GRRGIon separation tank. Fine
10 bubbles formed during the treatment of the liquid in the flotation separation
tank attach to the impurities flocculated in the liquid by electrolysis. The
flotation separation of the flocculated impurities is performed very efficiently,
and high-purity water can be recovered. The apparatus comprises an
electrolytic bath consisting of a pressure vessel, in which electrodes of a
15 metal which easily dissolves upon electrolysis are housed, and a constant
current source for applying a voltage to said electrodes so as to obtain a
predetermined current density in a liquid contained in said electrolytic bath,
wherein impurities in the liquid are caused to flocculate by a hydroxide of the
metal.
20
US Patent No.: 4,181,591 briefly teaches a fluid, such as air or water,
carrying suspended solids is directed between a pair of oppositely charged,

corrugated surfaces in order to subject the flow to an undulating action that

increases the frequency with which the solid particles impinge against one



two sets of charged surfaces may be utilized, the first having at least one of
its 10 surfaces insulated from the flow for electrostatic action only, while the
second has neither surfaces so insulated for electrolytic action. Additional to
the above-mentioned prior arts, there are also several other prior art which
basically relates to the background of thelgresent 15 invention such as DE
69021388 T2, DE 10046959 Al, DE 4330518 Al, 5474748 A and EP

0701972Ak- AR¥HiSFHRSIR ALORCYENPHSENIRRRD PRSI KORIWIGHIRIRABIS of

specification is included to explain the context of the invention. It should not

20 bexiad@Reaspantiadlisgien topigaieal hisraterialdoanamypartiaf &1e RPAght
art base or the common general knowledge in the relevant art in Singapore or
elsevwduerditiom go hikénnd dHp pridatyddpdetiofed attiscies tweoan dckanstiaretfrsuch
All statements as to the date or representation as to the contents of these
docusigfasds brad@ienthieccififormiatoa avaelleadottenapisicdhatdelidesssuch
not 18 constitute any admission as to the correctness of the dates or
contebRglisfeshesa getereatsetariacieldtrbipispse Aipiaeipikaion prrsiesefie
inventor(s) have found 5 a separation process, which is clean, cost effective,

comfdRdble SaasLiok Rl WP RIBIRSh R JoURE S aklioALTERaRSing

comka)ex pre-tr%atme t bef%ret e individual nph%seﬁ cou|d b tre:%tt d. For
etween e surabeh, thetepy encour |gg the floccalated parficles to settle
example, emulsions such ' as drillthg of cu oil or wastewater from

washj C e r itiop Of ic
o e B e e,
the fagidhatdngtah &R surfaces may be utilized, the first having at least one of its

10 surfaces insulated from the flow for electrostatic action only, while the second

has neither surfaces so insulated for electrolytic action.

Additional to the above-mentioned prior arts, there are also several
other prior art which basically relates to the background of the present
15 invention such as DE 69021388 T2, DE 10046959 Al, DE 4330518 Al,

5474748 A and EP 0701972 A1l.

Any discussion of documents, devices, acts or knowledge in this
specification is included to explain the context of the invention. It should not

20 be taken as an admission that any of the material forms a part of the prior art
base or the common general knowledge in the relevant art in Singapore or
elsewhere on or before the priority date of the disclosure and claims herein.

All statements as to the date or representation as to the contents of these

documents is based on the information available to the applicant and does not



cause salt accumulation. Another process is the emulsion separation through
ultra-filtration. This process delivers an almost oil-free filtrate, which can be
fed into the biological treatment. However, its acquisition as well as operation
is relatively expensive. The same applies to thermal and thus energy 15
intensive separation processes. In contrat8to the traditional routes, the
electro-physical precipitation takes the direct path that covers the

enviregmgniaaHFRdMiSEaNIRg /) RRebiematin NastWRLCH IR BrUIESHBRRL of

of water or wastewater for subsequent desalination.. 20 Therefore, it is an
objective @bt pragent invention to introduce a so- called sacrificial anode,
which will be slowly dissolved by sending metal ions into a liquid medium on
the way to the cathode. 19 It is yet another objective of the present invention
to generate highly reactive radicals as well as hydrogen and oxygen at the
surface of the te¢eeteotie-physisaicpiacphaticiibalpeasenit nvasios) have found
secondary reactions with content materials of wastewater, as for example

the dégPeBEaIPBIeGaRT BBithstariteahreapRiBaHIofOMIAE % FadUtesk.

the chemlcal need for ox?/gen It is yet another objective of the present

inventgH' tBog‘j\éﬁE?}%{F‘e‘%Hlé‘ méﬂéaeﬁfé‘&%%@&ﬂﬁﬁ@a%ﬂ%?we -treatment,

electro- Phgs Rlde\ﬁcp nagughcol dag SPerIEa ecF” 0? agd Cﬁ%ﬁn uIS|ons such
emuIS|ons asw asc er suspensions te iminates heavy

metalgs fam.ﬂa'@n&wagt%waaﬁfwg&a@ﬁ 2Ol ﬂgeﬁ%%éfs%s“%%’ en

pre-treatment of water or wastewater in clesalination process
broken down through the addition of chemicals such as metal salt or

10 polymers. The disadvantage of this procedure lies in the fact that metal salts
cause salt accumulation. Another process is the emulsion separation through
ultra-filtration. This process delivers an almost oil-free filtrate, which can be
fed into the biological treatment. However, its acquisition as well as operation
is relatively expensive. The same applies to thermal and thus energy-

15 intensive separation processes. In contrast to the traditional routes, the
electro-physical precipitation takes the direct path that covers the
environmentally friendly cleaning of problematic wastewater or pre-treatment

of water or wastewater for subsequent desalination..

20 Therefore, it is an objective of the present invention to introduce a so-
called sacrificial anode, which will be slowly dissolved by sending metal ions

into a liquid medium on the way to the cathode.



15 Some advantages of the present invention are that the required space is
small and the equipment expenditures low. No hazardous materials in the
form of chemicals have to be stored and the operating costs are limited. The
distance between the electrodes has been optimized with regard to a large
surface per reactor volume. The voltage itScomparatively low, which has a 20
beneficial effect on the energy consumption. The wear and tear of the iron-

aluminum of; g4Qys P%ﬂ%ﬁﬁ&'%%@%é ‘JS‘lafrﬁee Aheafdiishapo (t;hl
kept within modést limits. 20 SUMMARY O THE INVENTION The presen

invengietiietatesiicar Rethosliang aparsgéus saHtreitich \Wateioswdstewaiahe
for drinking and/or industrial use. The method and 5 apparatus comprises of

a plurgtytrotige rhiqadlyidsaiticre chdlealks aaesil wincbrans ptaced anyar deaiong with
chamber. The said electrodes are interconnected to one another but are
insulaeniehtipaietiaiscol. Wastpokidty as tlwe direnpieitemdeuadstiooutd beganic
changed at regular intervals in order to prevent a passivation of the

efectrdRSaRcEIdPOUER P EIREYRN HiFasise. TRRUEEFSRECARSIDIGREBRA&SIyIOT

be pulsatory, whereby the tip effect becomes more efficient and in order to
be attEX®HKeep the current density between the electrodes at a desired
value, the most efficient possible electrolysis is achieved by means of a
minimum total current The spacing between the electrodes is adjustable for

different typ L%ﬁé%ﬁwac?b‘? i o ﬂéicBYété/er?@ MR AIRA RS GURLR e the

and some u raV| mfector mps cou
many-facetted areas of application of the electro-physical precipitation such

10 as splits drilling and cutting oil emulsions as well as chalk and plaster
suspensions. It eliminates heavy metals from galvanic wastewater. It can also
be advantageously be used for pre-treatment of water or wastewater in

desalination process.

15 Some advantages of the present invention are that the required space
is small and the equipment expenditures low. No hazardous materials in the
form of chemicals have to be stored and the operating costs are limited. The
distance between the electrodes has been optimized with regard to a large
surface per reactor volume. The voltage is comparatively low, which has a

20 beneficial effect on the energy consumption. The wear and tear of the iron-
aluminum or alloy-coated electrodes that serve as sacrificial anodes is also

kept within modest limits.



further included for better coagulation. An injector system, which sucks air,

gas or a liquid coagulant chemical into the reactor room are provided therein.
The electrodes, which are positioned in a treating chamber is separated by a
20 wall. Further to this, an electrode unit is integrated in a micro flotation
system and the flocculated sludge at theZ8utlet is collected in a filter drum

and wherein the clear water at the outlet is returned after pH test and
thereaftgn\FARNBIEEHLEt QBRGNP increasing the micro flotation process,
an air injector for gas can be optionally installed in front of the inlet. 21
According to the present invention the wastewater flows into a plastic, such

as a Plexiglas, glass or metal reactor tube, in which the electrodes starts the
reaction of fidec piaisentcioleictiparteiesina thenottidetmdodppatetsolioblaesting
organic material in the electrochemical cell. The coagulated and oxiclated
matera@tevillaheveatesvager i tHenséntearshioreindustiaresainéids msthedl asd
flocculated colloids drops to the bottom of the settlement reactor and creates
akin@eRaedypeampiisevater iRdepliphefinasicd|bipsiigrechaletdrgdes. which
through this mineral filter bed, which can be removed from time to time at the

outlef’?‘rfopﬁ%%%iﬁ‘vﬁ%\%@rcﬁ?@é‘@@&ﬂﬁ@séﬁi%ﬁé%%‘?QFr‘nBf\%dﬁ'ﬂ%‘P@&‘?Bifé’sto
and are designed and selected fram a are, hexagonal, circylar or of an
cther OBy gL Al BLR o g A et e
electr, ' b r ' in_sj -
potmeab LS S B et A SRR UREIS BcVee: A Bassivaon
the pggitiNg EleciQss FPIRISCROtEneRAIRH RS AHRMHMMe current can

molybdenum or an alloy
10 preferably be pulsatory, whereby the tip effect becomes more efficient and in

order to be able to keep the current density between the electrodes at a
desired value, the most efficient possible electrolysis is achieved by means of
a minimum total current. The spacing between the electrodes is adjustable for
different types of water or wastewater conductivity.
15
An electrostatic rod and some ultraviolet disinfector lamps could be
further included for better coagulation. An injector system, which sucks air,
gas or a liquid coagulant chemical into the reactor room are provided therein.
The electrodes, which are positioned in a treating chamber is separated by a
20 wall. Further to this, an electrode unit is integrated in a micro flotation system
and the flocculated sludge at the outlet is collected in a filter drum and
wherein the clear water at the outlet is returned after pH test and thereafter
channeled to the drain. For increasing the micro flotation process, an air

injector for gas can be optionally installed in front of the inlet.



of both metal or diamante-coated niobium electrodes. Other aspects and
preferred aspects are disclosed in the specification 20 and / or defined in the
appended claims, forming a part of the description of the invention. Further
scope of applicability of the present invention will become apparent from the
detailed description given hereinafter. HoWever, it should 22 be understood
that the detailed description and specific examples, while indicating preferred
embodiments of the invention, are given by way of illustration only, since
various changes and modifications within the spirit and scope of the

invention will kesaimg @pPpRrpriderihpse miotiethéntastaridtemiobthistdefalastic,
description. BRIEF DESCRIPTION OF THE FIGURES Further disclosure,

objectsichchsantbigeiyas glaps cisétiiagresentbd) inpphicatibs siegtioddzettarts
understood by those skilled in the relevant art by reference to the following
desctiptioaastipreté ftedcetationlicodois pakicidn anshibe ot ehevater soluble
accompanying drawings, which are given by way of illustration only, and thus
are n@f%‘ﬁl?aﬁ%%’ﬂ%hé’b?@@eﬂ'ﬁﬂﬂ@%ﬁml ¢oH- AR HEOR9RjBFe angheweaied
schematic plan view of an electrode unit according to the present invention;

Figur3terigWelLiagiRaiteriex 18p SteneliemrItSRTaBIRBRRRIAHT 20 Withes
el Ll L R L0 B35 FRE B A R M L AVAAIS G g creates
a kind of filter bed in the water itself. The treated clear water has to go through
this mineral filter bed, which can be removed from time to time at the outlet.
10
The positive electrode is composed of several individual electrodes and
are designed and selected from a square, hexagonal, circular or of any other
geometrical shapes in cross section and wherein each positive electrode is
preferably at least 1 to 20 square centimeters in size and between 0.30
15 meters to 3.00 meters in length and wherein the surface of the positive
electrodes comprises of a coated layer of titanium or molybdenum or an alloy

of both metal or diamante-coated niobium electrodes.

Other aspects and preferred aspects are disclosed in the specification
20 and / or defined in the appended claims, forming a part of the description of

the invention.

Further scope of applicability of the present invention will become

apparent from the detailed description given hereinafter. However, it should



disinfecting; 23 Figure 3 shows a schematic representation of a combination
of air/gas/liquid coagulant injector with an electrostatic high voltage rod unit
with electrolytic unit in combination with ultraviolet lamps for best
disinfection; 5 Figure 4 shows a schematic representation of an electrode
unit/rods inside of a microflotation systerd2o reduce chemical oxygen
demand (COD), biological oxygen demand (BOD) colloid particles and

disinfggtigRa eI UFao HROWS & IeaNaRRIR HRVPRR Rl odeHpider e

clemineralization / cleionzation by electrolytical treatment of water
wastena¢arting Edrétbtréd DinfifeRitidhtaNoP ftheHinvRtioh E e INWEN THEP My of
Figure 1 shows schematic drawings of an electrode unit 1 according to the
preseihhsmaginticom|ss asthedechrim e whitdgesrapd sesdificapdualivitton wertipiilyand
positioned electrodes 2a and 2b. Said vertically positioned electrodes 2a and
2b areqoreferhitie pogiitinadiil decatiacapharabei@iTise shéledodeth@aenidom
2b are interconnected to one another as shown in the 20 drawings but the
pOsitiiSHRiaeg AR dMeRodes are insulated there- between. As shown in
the figure, the polarity of direct current supply could be changed at regular
intervals in order to prevent passivation of the electrodes when reaching

her B e St O e HEEGHBER tan before. 24 According t
the present invention, in order to be able to keep the current
Further disclosure, objects, advantages and aspects of the present
10 application may be better understood by those skilled in the relevant art by
reference to the following description of preferred embodiments taken in
conjunction with the accompanying drawings, which are given by way of
illustration only, and thus are not limitative of the present invention, and in
which:
15
Figure 1 shows a schematic plan view of an electrode unit according to

the present invention;

Figure 2 shows a schematic view of an electrode unit in combination
20 with electrostatic field rods for better coagulation and or ultraviolet light for

disinfecting;



density between the electrodes at a desired value, the most efficient possible
electrolysis is achieved by means of a minimum total current. Further to this,
the spacing between the electrodes could also be adjusted, within a distance
5 of 4 to 40 mm for the same purpose. Referring again to Figure 1 wherein
the electrode unit 1, can be used in an eR&trolytic phosphate-removing
procedure together with the electro- phosphate remover in wastewater

treatment plagise e SIBGEOMES2ReANSLid OréBredMigidRd 60 Wecombination of

electro-phosphate remover, could be fitted in the upswing-basin, in which
thereds/madulicte LARPRIER dPWEFAN HRYeYsEtH Highmaledal isdv@it with
mixed, calcium would not react with oxygen. The electro- phosphate remover
causedeatrobnieyohamgrgbieadtarwiirhistmioiole tflathes foabiest disifiteotiation

of a crystal like fence structure. In this event, the 15 subsequent process of
dinitrication of the phosphate as calcium-ammonium and/or
magnesium-ammonium-phosphate, which would float on the sludge, is
efminated. REHERACETRVARISFHIRINY I FiERIE SOWRE RS rOfs Ih SIRT ECSEhBRTARE!S

view 20 of another electrode unit according to the present invention, which

furthdP SRR QY PIBIRAALY ¥RRTIPSHHER O UER ORI A85 dCOD)
e A R BT R

Other this'e unit’is laentica he earlier mentioned
electrode unit and therefore would not be repeated herein. According to the

25 present invention an electrostatic rod 4 such as niobium and some

ultraviolet diginfacter lampzs> GPulthetetioesiBpudsd for beefrode unit for

coagulation.
10 demineralization / deionzation by electrolytical treatment of water /

wastewater.

DETAILED DESCRIPTION OF THE PRESENT INVENTION

15 Figure 1 shows schematic drawings of an electrode unit 1 according to
the present invention. Said electrode unit 1 comprises of a plurality of
vertically positioned electrodes 2a and 2b. Said vertically positioned
electrodes 2a and 2b are preferably positioned in a treating chamber 3. The
electrodes 2a and 2b are interconnected to one another as shown in the

20 drawings but the positive and negative electrodes are insulated there-
between. As shown in the figure, the polarity of direct current supply could be
changed at regular intervals in order to prevent passivation of the electrodes
when reaching even abrasion. Additionally, the current could be preferably

pulsatory, whereby the tip effect becomes more efficient than before.



According to the present invention as shown in Figure 3 wherein there 5 is
further provided an injector system 6, which is designed and configured to
sucks air, gas or a liquid coagulant chemical into the reactor room. In this
embodiment a wall 8 separates the electrodes 2a and 2b, which are
positioned in a treating chamber 3. Due t84his treatment, the values of
chemical oxygen demand (COD) and biological oxygen demand (BOD); and

10 the Rk 96 GAkojst RaIticisaftoredHCS el s BENRBRIMERES the current

particularly use in air-conditioning and cooling tower. Figure 4 according to

the PERSRI/IRLRNEEN BIRO¥YSE G686 AAAIC SERWANGI 08 Aih € RSP ERitIBHt possible
integrated in a micro flotation system. The flocculated 15 sludge at the outlet

10 is eledectigdisnis dittée drby Tienokeaf wabdminom theabotletAR iRutdsiedofdis,
its pH value and is thereafter channeled to the drain. To increase the micro
flotatitwe srecig bawseinjeetelefirogies could dlspeaathlistaasydlidd ia thistance
front portion of the inlet 14. 20 Figure 5 shows a schematic drawing of an
efecti®fdbarip aeebiefitietRaMABesEfor deionization water or wastewater.
Water from a water tap or tank or from any other is channeled into a plastic
such as Plexiglas, glass or metal reactor tube 13. The electrodes 2a and 2b

starts the re&cpon to flocculat';_e. collgid articlt%fs] anldt e oxidation of water . .
ererrin ag In E% |§gre(ﬂ erein the elec ro§eu |t{9ncan bé used in
soluble organic materialin the electrochemicarl céll."Due 1o the

electigehermial /RRCHRs B CIBANRISS A0 QXA B BRLe Tk O Weciro

towards the settlement reactor erecalcium, magnesium and ot

mine@rﬁ%ﬁ%%”r@%ﬁ%?%ﬁ‘ﬁ&’s@”ﬁi@? 8RNIk rENerhetiBL b aRS 2a and

settlement reactor 9 and thereafter creating a kind of filter
10 2b, connected to the electro-phosphate remover, could be fitted in the

upswing-basin, in which there is more nitrate compared to oxygen. However,
if the material is well mixed, calcium would not react with oxygen. The electro-
phosphate remover causes an ion exchanging reaction. This would further
cause the formation of a crystal like fence structure. In this event, the
15 subsequent process of dinitrification of the phosphate as calcium-ammonium
and/or magnesium-ammonium-phosphate, which would float on the sludge, is

eliminated.

Reference is made now to Figure 2 wherein is shown a schematic view

20 of another electrode unit according to the present invention, which further
comprises of several vertically placed electrodes 2a and 2b. Said electrodes

2a and 2b are preferably positioned in a treating chamber 3. Other
configuration of this electrode unit is identical to the earlier mentioned

electrode unit and therefore would not be repeated herein. According to the



5 bed in the water itself. The treated clear water has to go through said filter
bed, which can be removed from time to time via the outlet 11. The
arrangement shown in the Figure 5 is especially used when cleionized water
is needed for processing, for example in the food industry, cooling towers,
water heater and so on. According to the2present invention, the carbonate
hardness 10 of water that is to be treated can be effectively reduced through

electrglviichMalBARfL BR ¥RlLMRAlBeaNYATGRINSIRRBRIRLMAEIAS URraviolet

sewage, especially from food-fats and food-oils are reduced by using the

preseqtinfvedt in A5 F\eeqHBOfitetHe iRtases fovestien cieeatipnate
hardness of water that is to be treated can be effectively reduced through

electrolytic method, which would precipitate carbonate and sulphate salts by
using an electrolysis cell. Said electrolysis cell utilizes 10 volt of DC voltage.
The electrolfsioudigstaalte pessignieid terniivisae shevDOrveigige h wheeeitothere
generate a current 20 strength that is at least 10 Amperes. In the present
invenol/ iR SRMFRIE3N ARCAXIGHEG AR YBHEY iF et ROpehpRFosantEdErpd o
to 2 square centimeters in cross-section dimension. Thus, the water to be

treatet? 5 tr@lielPRif] £ AHEntRRIRRh SRePIY RIS 15C5Y ARPLr this

per square mete{s. 27 '|'h anode (also known as ositiye pol )ggm risens of
mbodiment a W I Jepargies the elec fodes &2 an§ %hlc are
several individual anodes. 1t is Ere erred that'each anode aré desighed and

selectrdiliaRbAiR LAY 2GR &I u%rPJQH?% qp%ﬁérﬂ&ﬁ’t’?‘?rﬁgc%lues of

shapes in cross section. It is also preferred that each anode Is at least 1 to

t20 bSOéb’r?e{ﬁ\i%aﬁe&%@r‘ieﬂ%ﬁﬁhﬁmi@ﬁaﬁ@%i‘&@@%@%ﬁ%@rﬁ@%ﬁﬁ% §B6F%Nd
0 be between
10 the amount of colloid particles are reduced. This embodiment is particularly

use in air-conditioning and cooling tower.

Figure 4 according to the present invention shows a schematic drawing

of an electrode unit integrated in a micro flotation system. The flocculated

15 sludge at the outlet 10 is collected in a filter drum. The clear water from the
outlet 12 is tested for its pH value and is thereafter channeled to the drain. To
increase the micro flotation process, an air injector for gas could be optionally

installed in the front portion of the inlet 14.

20 Figure 5 shows a schematic drawing of an electrode unit according the
invention for deionization water or wastewater. Water from a water tap or tank
or from any other is channeled into a plastic such as Plexiglas, glass or metal
reactor tube 13. The electrodes 2a and 2b starts the reaction to flocculate

colloid particles and the oxidation of water soluble organic material in the



0.30 meters to 3.00 meters. In the present invention, the surface of the
anodes comprises of a layer coated with titanium or molybdenum or an alloy
of both metal or diamante-coated niobium. The combination of anode having
different materials can be varies according to the properties of the water to be
10 treated and the required water qualityZ®he cathode (as known as negative
pole) is also composed of several individual electrodes. The design and

configiiahigprehfeshceAliade 5 SIEERicH dheriealaa 446 F oo aaR el and

each anode. The characteristics of the 15 cathodes are manufactured by

usingakigdeipwiae fanpesidve: iMeiaihersaatahaloysanith atigrst&Rfeiom,

aluminum (i) Metals or metal alloys with at least 80% of magnesium (iii)
Metalsagmasiiahadioyowidh atihessisS8awelltataflooookirationlioid2A alwillisink to
and magnesium (iv) Conductive carbon in the form of graphite or compacted

soot v Coiteincolvthesbibirmehicre&stomBetitbthergadsticegaiing a kind of filter
Diamante-coated niobium electrodes (vi i) Conductive ceramic or mixtures of
cErarARMRHIRNeRIatiseHISTIE Keaiadinlgan RIS rBas iR HireHItheaitlotier
of materijals on the basis of aluminum is less suitable for the treatment of

drinkiREPWAYBIC &R 18, TIPAYRE pIRTBSEE t'8allf dViAkitng whtket thd-  The
group_ of metalsn(%r etal .alt% with at least 80°/q of m%qusium.is Preferreigi i

5 AcCSTAE B RRLLL TSR crdd SEEHA, Hardndil el iaadere
needed for processing, for example in the food industry, cooling towers, water
heater and so on. According to the present invention, the carbonate hardness

10 of water that is to be treated can be effectively reduced through electrolytic
method. The volume of heavy-fleeting lipophilen materials in sewage,

especially from food-fats and food-oils are reduced by using the present

invention.

15 According to the present invention, the carbonate hardness of water
that is to be treated can be effectively reduced through electrolytic method,
which would precipitate carbonate and sulphate salts by using an electrolysis
cell. Said electrolysis cell utilizes 10 volt of DC voltage. The electrolysis cell is
also designed to pulsate the DC voltage in order to generate a current

20 strength that is at least 10 Amperes. In the present invention, the electrodes
are designed and configured to be approximately 1 to 2 square centimeters in
cross-section dimension. Thus, the water to be treated is treated with a

current strength of approximately 1 to 20 Amperes per square meters.



is decomposed during precipitation. In addition to that various organic and
inorganic substances such as bacteria, suspended matters, nitrates, nitrites,
phosphates or ammonia salts are also decomposed into harmless 10
components through oxidation or reduction, which is also known as the redox
reactions. An essential aspect of the pres&ht invention is to use a material,
which combines both anodes and cathodes. This will ensure that there would

be a 15 mirifal slegko-EgInicA e asANSLERILHEIE) elestipASSs THHS dBveral

return would ensure that the lifespan of the electrolysis cells are extended for

sevelighiedisl Khagesrderceratihdbaiesanh iaMend Qe itissppRsIMRdOselected
conduct a 20 water treatment method, which would make water available for

both fnclnstrs]uase haxbipyrdilinkinglainoadd dion dththaje tihecwiate strepéadn cross
according to the present invention could be further enhanced into cle-ionized
waterseetirinkihgs vadser pesfsstsivelyethennih aradidoisalaoreagt Harige?d osdmare
reverse osmosis methods. 29 An example of the test results obtain
acofRITE RIS BrE4BRNFYRNTIBA 188 S &l SOFETaSRIECtad KD between

Electrolytic waste water treatment Examples cleaning v lues Type of Waste

IngrefigRtdRIgELe v 2P FPLRE R EUIBROR" SAEREITHRIH TigAL ySrface of the

anodes comprises of a layer coated with titanium or molybdenum or an alloy
of both metal or diamante-coated niobium. The combination of anode having
different materials can be varies according to the properties of the water to be

10 treated and the required water quality.

The cathode (as known as negative pole) is also composed of several
individual electrodes. The design and configuration of each cathode is similar
to the design and configuration of each anode. The characteristics of the

15 cathodes are manufactured by using the following composition:

0] Metals or metal alloys with at least 80% of aluminum

(i) Metals or metal alloys with at least 80% of magnesium

(i)  Metals or metal alloys with at least 80% of total combination of
20 aluminum and magnesium

(iv)  Conductive carbon in the form of graphite or compacted soot

(V) Conductive carbon, which is embedded in plastics

(viy  Diamante-coated niobium electrodes

(vii)  Conductive ceramic or mixtures of ceramic with other materials



Mixing Emulsion CSB 38.000 7.200 81.1 KW(H18) 8.000 0,2 99.9 Cu 184
0.8299.6 2n 18 0.71 96.1 Steeping Emulsion CSB 114.000 2700 97.6 Cu
98 0.34 99.7 Washing water CSB 1.930 868 55 (Vehicles) KW (H 18) 8.8
0,198.9 KW (H 17) 158 46.7 Zn 3.6 0.34 90.6 Pb 2.31 0.54 76.6 Washing
water CSB 24.400 2.870 88.2 (Scrap Met8l) KW (H 18) 20.000 1.4 99.9 Cr
0.08 0.0187.5 Cu2.00.14 93 Ni0.280.1450 Zn 4.4 0.4390.2

Phosphatising 5648 % e Arelém Pelbor, Wedradd bPR8erabalR #t0Basis

100 92.9 Nitrite 17.5 4 77.1 Phosphate 142.5 445 68.8 Surface Finishing

CSB gballifG® %18ss suitable for the treatment of drinking water. Therefore, for
the purpose of treating drinking water, the group of metals or metal alloys with

at least 80% of magnesium is preferred.

According to the present invention the carbonate hardness of the water
is decomposed during precipitation. In addition to that various organic and
inorganic substances such as bacteria, suspended matters, nitrates, nitrites,
phosphates or ammonia salts are also decomposed into harmless

10 components through oxidation or reduction, whish is also known as the redox

reactions.

An essential aspect of the present invention is to use a material, which

combines both anodes and cathodes. This will ensure that there would be a

15 minimal electro-chemical wear and tear on the electrodes. This in return
would ensure that the lifespan of the electrolysis cells are extended for

several years.

In accordance with the present invention, it is possible to conduct a

20 water treatment method, which would make water available for both industrial
use and for drinking. In addition to that, the water treated according to the
present invention could be further enhanced into de-ionized water or drinking
water respectively through traditional ion exchangers or by reverse osmosis

methods.



Cr5.810.0599.1 Cn11.910.199.2 Pb5.80.493.1 Ni4.34,397.7 Zn 62
62 99.9 Lead Oxide - Pb 40 10.002 99.9 production Zinc Oxide - Zn 1002 1
99.9 production Aluminum profile - Al 80.2 0.41 99.4 production 30 Print
dye waste CSB 9.98 653 93.5 water KW 110 0.5 99.5 AOX 39 0.73 97.9 Al
213 0.0599.9 Cu 153 0.02 99.9 Zn 27.726.01 99.9 Print dye waste CSB
18.000 4.035 27.6 water KW 30 1.0 96.6 AOX 88.51.598.3 Cu 73 0.4 99.4

Cr 0.53 0.1A £ & eampRC BRAIHAARERESAIHRR BB RHAPR the present invention

is shown herein in Table 1.

Table 1
Electrolytic waste water treatment
Examples cleaning values
Type of Waste Ingredients Waste Water | Filtrate Reduction
Water (mg/l) (mg/l) (%)
Mixing Emulsion CSB 38.000 7.200 81.1
KW(H18) 8.000 0,2 99.9
Cu 184 0.82 99.6
2n 18 0.71 96.1
Steeping Emulsion | CSB 114.000 2700 97.6
Cu 98 0.34 99.7
Washing water CSB 1.930 868 55
(Vehicles) KW (H18) 8.8 0,1 98.9
KW (H17) 15 8 46.7
Zn 3.6 0.34 90.6
Pb 2.31 0.54 76.6
Washing water CSB 24.400 2.870 88.2
(Scrap Metal) KW (H18) 20.000 14 99.9
Cr 0.08 0.01 87.5
Cu 2.0 0.14 93
Ni 0.28 0.14 50
Zn 4.4 0.43 90.2
Phosphatising Fe 5 0.2 96
Zn 17.5 0.2 98.2
Ni 27.5 0.1 99.6
Sulfate 1400 100 92.9
Nitrite 17.5 4 77.1
Phosphate 142.5 44.5 68.8
Surface Finishing CsB 25.700 569 97.8
Cr 5.8 10.05 99.1
Cn 11.9 10.1 99.2
Pb 5.8 0.4 93.1
Ni 4.3 4,3 97.7
Zn 62 62 99.9
Lead Oxide — Pb 40 10.002 99.9
production
Zinc Oxide — Zn 1002 1 99.9
production
Aluminum profile — | Al 80.2 0.41 99.4
production




coefficient 525 nm 47,6 1,3 93.1 620 nm 52,2 3,0 95.6 Flexo print waste

CSB 17.500 932 94.7 water BSB 1.000 333 66.6 AOX 7 0.198.6 Cu10.01

99 Ba 13 0.07 99.5 Dispersion dye CSB 50.000 3.100 93.8 waste water
Benzol 0.25 0.003 98.7 Toluol 2 0.06 97 Ethylbenzol 17 0.13 99.2 Xylol 69
0.54 99.2 Styrol 5.4 0.04 99 Textile dye Sfop CSB 1.700 230 86.5 KW 32
0.8 97.5 Cr 3.4 0.1 97 Textile dye shop Tenside IMBAS 79.3 0.9 98.9

Te

nsi O/%kp EDTAIIFG8 993 CxaH.90.2995 4 U 33.
0.2 9QuatterZn 99.3 0.05 PRV Spectral Adsmrption 436mB 49,3 5,4(89.5
coefficient 525nm 55,0 $8703.1 39 0.73 97.9

Al 213 0.05 99.9
Cu 153 0.02 99.9
Zn 27.7 0.01 99.9
Print dye waste CsB 18.000 4.035 27.6
water KW 30 1.0 96.6
AOX 88.5 15 98.3
Cu 73 0.4 99.4
Cr 0.53 0.12 78.5
Spectral Adsorption | 436 nm 96,6 3,5 89
coefficient 525 nm 47,6 1,3 93.1
620 nm 52,2 3,0 95.6
Flexo print waste CSB 17.500 932 94.7
water BSB 1.000 333 66.6
AOX 7 0.1 98.6
Cu 1 0.01 99
Ba 13 0.07 99.5
Dispersion dye CSB 50.000 3.100 93.8
waste water Benzol 0.25 0.003 98.7
Toluol 2 0.06 97
Ethylbenzol 17 0.13 99.2
Xylol 69 0.54 99.2
Styrol 5.4 0.04 99
Textile dye shop CSB 1.700 230 86.5
KW 32 0.8 97.5
Cr 3.4 0.1 97
Textile dye shop Tenside MBAS | 79.3 0.9 98.9
Tenside BIAS 24.5 1.6 93.5
EDTA 117 0.8 99.3
Cr 76.9 0.2 99.7
Cu 33.9 0.2 99.4
Zn 99.3 0.05 99.9
Spectral Adsorption | 436nm 49,3 5,4 89
coefficient 525nm 55,0 3,8 93.1
620 nm 118 51 95.6
Galvanic Ar 11 0.006 99.5
Cd 24 0.0001 99.9
Cr 11 0.1 99.9
Cu 190 0.01 99.9
Hg 0.8 0.0002 99.9
Pb 150 0.03 99.9
Ma 5.8 0.02 99.7
Ni 2.1 0.09 99.2
Zn 290 0.08 99.9




620 nm 118 5,1 95.6 Galvanic Ar 1.1 0.006 99.5 Cd 2.4 0.0001 99.9 Cr 11
0.199.9 Cu 190 0.0199.9 Hg 0.8 0.0002 99.9 Pb 150 0.0399.9 Ma 5.8
0.02 99.7 Ni2.10.0999.2 Zn 290 0.08 99.9 31 Galvanic Ni 1156 0.25 99.9
Cu ill 0.08 99.9 Zn 50.4 0.01 99.9 Slide Grinding CSB 21.000 630 97 Cr 6.2
0.06 99 Ni 4.7 0.2 95.5 Fe 37 3.3 91 SIi@& Grinding KW 165 1.6 99 ZN 62
1.8 97 Cu 34 0.3 99.1 Slide Grinding CSB 17.550 1720 90.2 (de-filing) Cu
26.7 0.36 98.7 Zn 11.8 0.21 98.3

Galvanic Ni 1156 0.25 99.9
Cu 111 0.08 99.9
Zn 50.4 0.01 99.9
Slide Grinding CSB 21.000 630 97
Cr 6.2 0.06 99
Ni 4.7 0.2 95.5
Fe 37 3.3 91
Slide Grinding KW 165 1.6 99
ZN 62 1.8 97
Cu 34 0.3 99.1
Slide Grinding CSB 17.550 1720 90.2
(de-filing) Cu 26.7 0.36 98.7
Zn 11.8 0.21 98.3
Slide Grinding CSB 13.720 1411 89.8
(ball-polishing) Cu 234.1 1.05 99.6
Zn 133.4 0.24 99.8
Slide Grinding CSB 32.800 1620 95.5
(Chemically Fe 401 2 99.9
accelerated) Zn 0.54 0.01 99.9
Phosphor 5.7 0.5 99.9
Mechanical BSB 1.300 940 92.7
production Phosphor 30 1 96.7
Cu 1.02 0.02 98
Ni 1.7 0.18 99
Zn 0.92 0.05 94.5
KwW 3.500 0.39 99.9
Surface Finishing Cr 863 1.04 99.9

It should be noted that the term water or wastewater used in the
present description would include but not limited to sewage water, sea water,
5 lake water, river water, industrial wastewater, domestic wastewater and the

like.

The embodiment of the present invention may vary depending on the

application. Exemplary application for use in the practice of the invention



Slide Grinding CSB 13.720 1411 89.8 (ball-polishing) Cu 234.1 1.05 99.6 Zn
133.4 0.24 99.8 Slide Grinding CSB 32.800 1620 95.5 (Chemically Fe 401 2
99.9 accelerated) Zn 0.54 0.01 99.9 Phosphor 5.7 0.5 99.9 Mechanical BSB
1.300 940 92.7 production Phosphor 30 1 96.7 Cu 1.02 0.02 98 Ni 1.7 0.18
99 Zn 0.92 0.05 94.5 KW 3.500 0.39 9932 Surface Finishing Cr 863 1.04
99.9 It should be noted that the term water or wastewater used in the

presgRERGECTIRHOIVABIdiRNGRIASDBIIRIIMERE 4P HANRALS WRISEWSRMEHSF to

5 lake water, river water, industrial wastewater, domestic wastewater and the
like. Tee fmanstine rérablkeppraseatds ailieh pRak iahe dARRENIIBER S sses
application. Exemplary application for use in the practice of the invention 32
includemruteanagwolirfotditido pretesatsee nboiosiaieslectvoadi@ysites prher like, the
clesalination to remove particulates and to protect the downstream processes
from dateage oastelateris ieedicaiasmosialetng tbkalyaisr @ thadiiesates into

5

10

15

20

the apparatus of the present invention to remove particles that would clog the
membranes. This is especially useful for treating of brackish water using
reverse 0SMOSIS as reverse 0osmosis is very susceptible to the high content of
silica present in the brackish water. As a result of better pretreatment, reverse
osmosis membranes operate more effectively. In addition, the life span of the

system will be extended due to minimize biofouling, scaling and membrane

plugging.

While this invention has been described in connection with specific
embodiments thereof, it will be understood that it is capable of further
modification(s). This application is intended to cover any variations uses or
adaptations of the invention following in general, the principles of the invention
and including such departures from the present disclosure as come within
known or customary practice within the art to which the invention pertains and

as may be applied to the essential features hereinbefore set forth.

As the present invention may be embodied in several forms without
departing from the spirit of the essential characteristics of the invention, it
should be understood that the above described embodiments are not to limit

the present invention unless otherwise specified, but rather should be



water or wastewater is pretreated by channeling the water or wastewater into
5 the apparatus of the present invention to remove patrticles that would clog
the membranes. This is especially useful for treating of brackish water using
reverse 0SMosIs as reverse osmosis is very susceptible to the high content of
silica present in the brackish water. As a #3sult of better pretreatment,
reverse osmosis membranes operate more effectively. In addition, the life

span @i e 0 BYSHRM WithPEueSISHRESHAUS LD SR imiZR RIRTRINIAY (BRABRAN the

and membrane plugging. While this invention has been described in
connegiienduith samedfic \zanbadimentsdhariesfaidvibbr aedersterddhadrtdsare
capable of further 15 modification (s). This application is intended to cover
any viatEiusts tsd® oinallsiethtioitisiofttiee spwéntiod fetlopangfinhge nerahtidre and
principles of the invention and including such departures from the present
disclappended craengithihekefoven brecipgoiftagymbpeditivenigitie thdamnderstood
which the invention pertains and as may be applied to the essential features
héreifbdordsfabve. B0 aYrasd invishiigh ayPHeGR @l m present
several forms without departing from the spirit of the essential characteristics

of th MEBHRIOATRY sRBURIASE Gt er oI tAHME DT e SQRBEGPIUS-function

emboqlments are, n[%t EoeHmlt the Prs ?Sr}t invention unless o{Eerw

1S€ .
specifiéd Bt ainer shodidb&%3 cOnstiea BroBaty withi the gﬁﬁﬂeé’n‘é’”c“on

scope, oh gy “Q{Fﬁigglﬁ%%ﬁi%f&%s?p&ﬁngﬁgC%@}F%IOX riquct res. For

modifications and equivalent arrangements are inten e included

within, e SiiribARCLSFPR G AT Aha MeRiPMaYthot be structural equivalents in that
10 a nail employs a cylindrical surface to secure wooden parts together, whereas
a screw employs a helical surface to secure wooden parts together, in the
environment of fastening wooden parts, a nail and a screw are equivalent

structures.

15 “Comprises/comprising” when used in this specification is taken to
specify the presence of stated features, integers, steps or components but
does not preclude the presence or addition of one or more other features,

integers, steps, components or groups thereof.”



appended claims. Therefore, the specific embodiments are to be understood

5 to be illustrative of the many ways in which the principles of the present
invention may be practiced. In the following claims, means-plus-function
clauses are intended to cover structures as performing the defined function
and not only structural equivalents, but al8® equivalent structures. For
example, although a nail and a screw may not be structural equivalents in

that 18, a\j\ats employs a cylindrical surface to secure wooden parts together,
wheréas a screw employs a helical surface to secure wooden parts together,
in the environment of fastening wooden parts, a nail and a screw are
equivalent structures. 15 "Comprises/comprising” when used in this
specificatiorisrigtked tandpepdydhs foesmmtn@isicde d fesutesaipteigerdinking
steps or components but does not preclude the presence or addition of one

or mareddohéndasitirbyse egyeciczeosinchaipuhersis dheroaiio thandoipB4atus
CLAIMS 1 . A method and apparatus for treating water or wastewater for
dfnkifRMAABPSIahBRHRIMSE verakathe ReEHIRaH&IGpHeHaR Bt towhipg are
apparatus 5 comprises of a plurality of verticallé positioned electrodes 2a

and JUAGRTENAré PR SHREIg EhaRfbel 3SR WhereiRithe Esigodes are

electrodes are ipetgr onnected to one {slrt}g)ether but the anositiv?. and neﬁat've

electrOHES A THEL el theT e BEtwaEn, Sl AL e the Fstarity BF the dire &

C“”‘?ms&%{Pleeﬁ%éieQB le-AregHiaL RIS AL AEACCAGRCYRALL current
passivation of 10 the electrodes when reaching an even abrasion, an
whergiihiiR §WreRhs§Eable at regular intervals in order to prevent passivation of
10 the electrodes when reaching an even abrasion, and wherein the current can
preferably be of pulsatory, wherein in order to keep the current density
between the electrodes at a desired value, the most efficient possible
electrolysis is achieved and wherein the space or distance between the
electrodes are adjustable.
15
2. A method and apparatus as claimed in Claim 1 wherein an electrostatic

rod 4 and a plurality of ultraviolet disinfector lamps 5 could be further included

for better coagulation.

20 3. A method and apparatus as Claimed in Claim 1 wherein an injector
system 6, which sucks air, gas or a liquid coagulant chemical into the reactor

room is provided therein.



preferably be of pulsatory, wherein in order to keep the current density
between the electrodes at a desired value, the most efficient possible
electrolysis is achieved and wherein the space or distance between the
electrodes are adjustable. 15 2. A method and apparatus as claimed in Claim
1 wherein an electrostatic rod 4 and a pl&Rality of ultraviolet disinfector lamps
5 could be further included for better coagulation. 20 3. A method and

appayatus ag (nlaBackhiy CaaY AR IR A INIRAQAIRYE R RiNVINEN RIS es

air, gas or a liquid coagulant chemical into the reactor room is provided

therepmy 3hd%H Wiethograbaneasatus asrelaimeenansdain hwhsiginaild by a

electrodes 2a and 2b, which are positioned in a treating chamber 3 are
separatdidBby a wall 8. 5 5. A method and apparatus as claimed in Claim 1
wherein the electrode unit is integrated into a micro flotation system and
wherein the flocculated sludge at the outlet 10 is collected in a filter drum

and wherein the clear water at the outlet 12 is tested for pH value and is
thereafter chafséled @8 ARPATAIDSEAR (RSt B fdapharafiRyeis dnsirplegtrde

Claim 1 wherein for increasing the micro flotation process, an air injector for

gas |é‘B'bﬂﬁdﬁifigfﬁé?glIEHOaf"tﬁ%'CfR)HPI%Wfbr%?tﬂ% ik Wherein, fgtfiBecaiied

appacaiip a5 dAneddn am T hercin g weplvaler 18 060 water
plastlc grass or meta reac OI’ in W electroaes zZa

at the outlet 12 is tested for pH value and is thereafter channeled to a drain.

10 6. A method and apparatus as claimed in Claim 1 wherein for increasing
the micro flotation process, an air injector for gas is optionally installed at the

front portion of the inlet 14.

7. A method and apparatus as claimed in Claim 1 wherein the wastewater
15 goes into a plastic, glass or metal reactor tube 13, in which the electrodes 2a
an 2b starts the reaction of flocculation colloid particles and the oxidation of
water soluble organic material in the electrochemical cell and wherein the
coagulated and oxidated material will thereafter move into the settlement
reactor 9 were minerals as well as flocculated colloids 18 sinks to the bottom
20 of the settlement reactor 9 and forms a filter bed and wherein, the treated
clear water has to go through this filter bed, which can be removed from time

to time via an outlet 11.



an 2b starts the reaction of flocculation colloid particles and the oxidation of
water soluble organic material in the electrochemical cell and wherein the
coagulated and oxiclated material will thereafter move into the settlement
reactor 9 were minerals as well as flocculated colloids 18 sinks to the bottom
20 of the settlement reactor 9 and forms &filter bed and wherein, the treated
clear water has to go through this filter bed, which can be removed from time

to timg via g0 fidiRbd lartf fhoAraiehad andrasparRtiB A% ClRifBed deldiMshe

1 to 7 wherein the positive electrode is composed of several individual

electigsianand|asgodesignedrpsssalesteseiioral anvigroacticalrshepesia are
cross section and wherein each positive electrode is preferably at least 1 to

20 sqissigtedeatichetes iedc fons-sevtigesizetdcal sabpesnd).3dssetersion and
3.00 meters in length and wherein the surface of the positive electrodes
compribercist ceantatpdsitiyer efedtapdiemior prefistadddnuah dash dllop oPBotiguare
metal or diamante- coated niobium. 10 9. A method and apparatus as
clRimeeNtfelgindMesswaelietire ddhsiuese Grddenetesnipcsad areters in

several individual electrodes and wherein the design and configuration of
each ﬁ@gﬁtu@@%l%}%ﬁ@ idGnTHaRRS 1Rt HESRAPANG EGMERISRICIPBIRESER Of 2

posmve i? dcltrode wherein th c aractensﬂcsll% thg%o%?atlve electrodes

or theiP SRSAVE'LrHiariumLon BIahadan, o A By UG the 16 (e)\t,gilnor diamante-

compgsition: @Pmﬁ]tals or metal alloys with at least 80% of aluminum (i)
Metals or meta s with at least 80% of magnesium

10 9. A method and apparatus as claimed in Claims 1 to 7 wherein the
negative electrode is composed of several individual electrodes and wherein
the design and configuration of each negative electrode is similar to the
design and configuration of each positive electrode and wherein the
characteristics of the negative electrodes or their effective surface are

15 manufactured by using the following composition:

(1) Metals or metal alloys with at least 80% of aluminum

(i) Metals or metal alloys with at least 80% of magnesium

(i)  Metals or metal alloys with at least 80% of total combination of
20 aluminum and magnesium

(iv)  Conductive carbon in the form of graphite or compacted soot

(v) Conductive carbon, which is embedded in plastics

(vi)  Diamante-coated niobium electrodes

(vii)  Conductive ceramic or mixtures of ceramic with other materials



(i) Metals or metal alloys with at least 80% of total combination of 20
aluminum and magnesium (iv) Conductive carbon in the form of graphite or
compacted soot (v) Conductive carbon, which is embedded in plastics (vi)
Diamante-coated niobium electrodes (vii) Conductive ceramic or mixtures of
ceramic with other materials 37 10. A méhod and apparatus as claimed in
any of the preceding claims wherein further enhancement would be
cle-ionizing water or drinking water respectively through traditional ion
exchangers or by reverse osmosis 5 methods. 11. A method and apparatus
as claimed in awtidhenaregpaiagusiaigsiavhedein Hig comhinghieceaiiielaims
electrodes having different material can be varied to treat water having
differeuigpeop éutideoechamgesikon eswdds pectdisidiizmgtevajaaldy .diibkhg water
method and apparatus as claimed in any of the preceding claims wherein
somegesnhetieriytritesghadiadifispalciiitnmexstiatges loe poweeydrstovasmosis
save the power consumption when the target particle present in the 15
sGurd®&te€eis removed. 13. A method and apparatus as claimed in any of
the preceding claims wherein the method could optionally include

pre-treating of water or wastewater in clesalination process using reverse

OSMOBIS, el%\Ctrrnoég{gg/ %1'%00 E’:lpzp%;[gﬁgkgs' claimed in any of the preceding claims
wherein the combination of the electrodes having different material can be

varied to treat water having different properties or composition for a specific

10 water quality.

12. A method and apparatus as claimed in any of the preceding claims
wherein some of the electrodes made of specific materials can be powered
down to save the power consumption when the target particle present in the

15 source water is removed.

13. A method and apparatus as claimed in any of the preceding claims
wherein the method could optionally include pre-treating of water or
wastewater in desalination process using reverse osmosis, electro-dialysis or

20 the like.





