1 Method And Device For Water Treatment Using An Electromagnetic Field FIELD OF INVENTION
The present invention relates broadly to a method and a device for treating water using an
electromagnetic field. BACKGROUND Water quality requirements are usually determined from the
usage of the water. Water can be broadly classified as potable and non-potable. Non-potable water is
used mainly for industrial purposes, such as cleaning, production of non-food items and raw materials,
utilitarian facilities systems such as cooling towers, boilers and condensers and domestic purposes in
fountains, swimming pools and home ponds. Potable water is used mainly for water distribution
systems in schools, hospitals and homes, Three main__groblms are identified for water and its

usages. They are nai@§ odimfeol 6y breaR@badatar c HRSINUSERB41), when fouling
occurs, layers of scale will form. Scalirgggmgéﬁggﬁ@%é Reaj gfficiency, increases the chiller
pressure and increases the power consumption. It has been reported that there is a 25% increase of
electrical consumption when the scale thickness is 1/8 inch. The effects of scale formation in water
heating systems are also apparent in homes. Significant cost is incurred for cleaning up these
deposits. Further, scale causes parts such as valves to malfunction and results in leaks. Scaling
also creatdsahlbhdhidelifivedl environment under the deposits which favours growth of anaerobic
bacteria, which in turn induces further problems of corrosion. In particular, staining on pipes and

facilities such as fountains may be induced.
The present Invention refates broadly to a method and a device for treating

B2
et

water using an electromagnetic field.
BACKGROUND

Water quality requirements are usually determined from the usage of the water.
Water can be broadly classified as potable and non-potable. Non-potable water is used
mainly for industrial purposes, such as cleaning, production of non-food items and raw
materials, utilitarian facilities systems such as cooling towers, boilers and condensers
and domestic purposes in fountains, swimming poois and home ponds. Potable water is

used mainly for water distribution systems in schools, hospitals and homes.

Three main problems are identified for water and its usages. They are namely
fouling, corrosion and bacterial contamination. Generally, when fouling occurs, layers of
scale will form. Secaling greatly decreases heat efficiency, increases the chiller pressure

) and increases the power consumption. It has been reported that there is a 25% increase
of electrical consumption when the scale thickness is /8 inch. The effects of scale
formation in water heating systems are aiso apparent in homes. Significant cost is

incurred for cleaning up these deposits.

Further, scale causes parts such as valves to malfunction and results in leaks.
Scaling also creates an oxygen-deprived environment under the deposits which favours
growth of anaerobic bacteria, which in turn induces further problems of corrosion. In

particular, staining on pipes and facilities such as fountains may be induced.

The second main problem identified is corrosion. Corrosion is the process of

metal dissolution, usually by oxidation. It results in substantial material breakdown and



2 premature degradation of system equipment. As a result, the quality of the original material becomes
inferior after corrosion. There will be a direct decrease in strength of the materials, reduction in
thickness and in certain cases, pit formation. Corrosion also result in serious leaking problems and
malfunction of the systems. The third main problem identified is bacterial contamination. Diverse
species of bacteria can be found in both the natural and the human environment. These
microorganisms are able to affect human health 04 great extent. Due to the wide diversity of existing
bacteria, it is difficult to identify and combat them. Thus, there is a need to control bacteria growth in
water to proteCetiimalesiedrhoiron BestraifacteaePtirtherabastdtiahgonthlitontréhavitbfgitzin

preventingrtheidaciesiadacieed-pirblemsosion. TherefRif pyalelieatgRbissasantialipreontrolling
fouling, corrosion anq bacrgeré%l contamination. There are various water treatment methods and they

may be divided Baaleaty St HY S EnEEnanidaI FEAIM ERt et @LmFHeRe RERRIYS &R0 then
further clagsilédraseoedihigabitoairtbemiquels bt ediom e gyiiements of the various purposes of
water treatment. In general, chemical treatment methods require a great amount of maintenance
as periodic dosin?qr,]eed_s to be carried out and in accurate and controlled amounts for effective control

and may use chefrlIBafdthAaferseieridie Hilisarln RarigrnlraRiamnatikpebiverss sassiessof
carcinogeriieaéfértsaane posedaithredt théheaanyiranthent. humddserairmanatiofields hasdeen

suggesteddo, BRYRLACAlRd AUMALEN YR RZMAANS e Jalda slienqll 1 pRuse naiRoUler ghanges or
solution properties to Prevent the bonding of scale- orrﬁlng particles. For exampie, perma¥1ent magnets

have also Bé&ingskecBliewbre fillisalidearithershprmbatonsst Sougetbowr ibefowadtion of hard
scale that tendsitealingdetbeisuriagact e pliestiohseale seatrokisgreatly limiedbyrskglaconditions.

Use of electramagnetic fields for water treatment has been suyggested. For example, US patent
438579 diégc%léo%ggs ﬁra‘é%/*i‘c%oﬁﬁ??:‘h"%eegp e'Fe%E?gﬁ{ﬁ!&%ﬁ ?fe%&%%@%&?@‘ﬁ&& (g?rgpg%?%magnets with
electric coils positioned at right angles to the conduit 3 on which they are mounted. However,

mechanical failureried1ese driSeR CAHIE-EAYSELsEaras OLUM SIRRTAMACILIRSIOR rRigting.

bacterial contamination. There are various water treatment methods and they may be
divided basically into physical and chemical treatment methods. These methods are then
further classified according to their technigues based on the requirements of the various

purposes of water freatment.

in generai, chemical treatment methods require a great amount of maintenance
as periodic dosing needs to be carried out and in accurate and controlied amounts for
effective control and may use chemicals that are especially harmful to human health,
suspected tc possess carcinogenic effects, and pose a threat to the environment.

Use of magnetic fields has been suggested 1o prevent scale formation by using
magnetic fields strength to cause molecular changes or solution properties to prevent
the bonding of scale-forming particles. For example, permanent magnets have also been
used, but were found to cause the formation of soft sludge over the formation of hard
scale that tends to cling to the surface. The effect of scale control is greatly limited by
such conditions.

Use of electromagnetic fields for water treatment has been suggested. For
example, US patent 438579 discloses a device which uses electromagnetic fields
generated by electromagnets with electric coils positioned at right angles to the conduit



In US patent 4865748, electromagnetic test signals of varied frequency are initially directed into a fluid
filled system at a first location. A treatment frequency, generally the frequency at which maximum
absorption is observed, is then selected from such absorption/emission profile and treatment is carried
out at such selected fixed frequency. Irradiation by UV radiation has also been suggested to
distort or destroy nucleic acids, however, UV radiation was found not capable of effectively breaking
up the biofilm and is costly and harmful to humarghealth. Other technologies now make use of
high power consumption electrohydraulic shock treatment utilising the physical and electrochemical

effects obfhe,alarinstalc #m.&%@im%aﬁm@&@aﬂ&q;S@%L?r@%tﬁsgé%&%@r‘é&g%@&@ forming

together. However, bacterial counts cannot be controlled. Also, the only means to prevent
corrosiorf T SHES FERfHRE IO BTBRIGHARCBSAPENST biofouling and not directly dealing with corrosion
itself. However, the existing water treatment methods are typically designed to solve a certain

particular probl S that when one.problem. is not address roperly, it could lead
to other pr_o_bIer$1£sr].t‘%$1(egI é)%ﬁi%%@v%}t%%’trgqg MenF %%%%fgsgrés ’%%%%qﬁgyeaf@tgs%%%ﬁgﬁvﬁéere multiple
and interfeliigio ireBrshistariseleidcfillss espstrmcatlingfirsivérsation. Thereasbereferpiameed for
providing ansaligrnrtive-ieasyenimel esand Rsiemonbich MaysRddiessAge i marg ofhe above

disadvantages. SUMMARY In accordance with a first aspect of the present invention, there is provided
a metho8 487 (FEEAMRS QDRI MR TER ARETSGHERE S L HEM SHb P SHT YR IBCSGb fErdthg the

water toftiegusiactromagnetic field generated utilising an 4

Irradiation by UV radiation has also been suggested to distort or destroy nucieic
acids, however, UV radiation was found not capable of effectively breaking up the biofilm

and is costly and harmiful to human heatth.

Other technologies now make use of high power consumption electrohydraulic
shock treatment utilising the physical and elecirochemical effects of the electrostatic field
to disperse bacteria and scale particies to prevent them from forming togethar. However,
bacterial counts cannot be controlled. Also, the only meéns to help prevent corrosion in
such treaiments is through the control of biofouling and not directly dealing with
corrosion itself.

However, the existing water treatment methods are fypically designed to solve a
certain particular problem. It should be noted that when one problem is not addressed
properly, it could lead to other problems. The existing water treatment methods are
inadequate for situations where multiple and in{errelated problems arise, such as e.g. in

cooling towers,

There is therefore a need for providing an alternative treatment method and

system which may address one or more of the above disadvantages.

SUMMARY

In accordance with a first aspect of the present invention, there is provided a

method for treating water using an electromagnetic field, the method comprising:
subjecting the water to the electromagnetic field generated utilising an



inductor coil; and varying a frequency of a driving signal for the inductor coil such that the generated
electromagnetic field has a varying frequency, wherein the frequency is varied over a range between
about 100kHz and about 500kHz. The frequency of the driving signal for the inductor coil may be
varied such that two or more treatment effects are electro-magnetically induced in the water. The
electromagnetic field may have a varying polarity. At least one of the two or more treatment effects
may relate to one or more of a group consisting ofscontrolling scale formation, controlling bacteria
growth, and forming magnetite to prevent corrosion. The method may further comprise

simultangously, i n ore-existing treatment technigues to the water. _In accordance
with a second 32%% %%f:%é% p%i%néf%%ﬁﬁg%?’tﬁgr% %lﬁlr%%ﬁgg‘%ﬁ%t%ﬁ KRGt ¥ BiHsP using an
electromaghtifc IroeaiRd SRSEATEgRRIIRG APpiRdEEILERIsPEELabwRgnHBavater to the

electromiagmeticficddzasliivesrunitagupletvie thebinduciokagiliangha@anieller unit coupled to the

driver unit for varying a frequency of g driving signal generated by the driver unit such that the
generated elec'ﬁrgﬁdaggeﬁgﬁéﬂi%ﬁﬁ% §%{’Rﬁnﬁ@@u‘f@ﬁé@?v@ﬁ@i‘@?ﬁrtﬁ@’fr@tﬁ!eﬁ@w%f@&\ﬁééh about

100kHz Hrsti B ot 5eORHE e m diitioscoib reky:have sunelesiprragireticiiale witheyarying frequency
such that two or more treatment effects are electro-magnetically induced in the water.

The electromagnetic field may have a varying polarity,

At least one of the two or more treatment effects may relate to one or more of 5 group

consisting of controlling scale formation, confrolling bacteria growth, and forming
magnetite (o prevent corrosion. |

The method may further comprise simuitaneously applying one or more
existing freatment techniques to the water.

in accordance with a second aspect of the present invention, there is
provided a system for treating water using an electromagnetic field, the system
comprising: an inductor coil for subjecting the water fo the electromagnetic field: a
driver unit coupled to the inductor coit; and a controller unit coupled to the driver unit
for varying a frequency of a driving signal generated by the driver unit such that the

generated electromagnetic field has a varying frequency, wherein the frequency is between
about 100kHz and about 500kHz.

The inductor coll may have an electromagnetic field with varying frequency such

that two or more freatment effects are electro-magnetically induced in the water.

The inductor coil may have electromagnetic field with varying polarity.

The system may further comprise means of achieving two or more treatment
effects, at least one of the two or more treatment effects relating to one or more of a group consisting

of controlling scale formation, controliing bacteria growth, and forming magnetite to prevent corrosion.

The controller unit may comprise a programmable integrated Circuit (iC).



The inductor coil may have electromagnetic field with varying polarity. The system may further
comprise means of achieving two or more treatment effects, at least one of the two or more treatment
effects relating to one or more of a group consisting of controlling scale formation, controlling bacteria
growth, and forming magnetite to prevent corrosion. The controller unit may comprise a programmable
Integrated Circuit (IC). 5 The driver unit may comprise a bridge-type circuit and two half-bridge
actuator ICs. The bridge-type circuit of the driyer unit may comprise a plurality of Metal Oxide
Semiconductor Field Effect Transistors (MOSFETS). The system may further comprise a power
source for providing supply voltages to components of the device. The controller unit may
comprise a stabilizer circuit coupled between the power source and the controller unit. The power
source may provide alfieputmsigmaiio teengriser anibfatggeiverticincoithendriving sigifabricge

actuator ICs.

The E::ﬁdge-type circuit of the driver unit may comprise a plurality of Metal
Oxide Semiconductor Field Effect Transistors (MOSFETs).

The systern may further comprise a power source for providing supply
voltages to components of the device.

\ The confrolier unit may comprise a stabilizer circuit coupled between the
power source and the coniraller unit,

The power source may provide an input signal to the driver unit for -
generation of the driving signal. '

The inductor coil is formed on a surface of a pipe, container or

reservoir.

The inductor coil is formed such that the pipe, container or reservoir is
located substantially inside the coil or adjacent the coil

The inductor coil is formed on a separate carrier structure for disposal

adjacent a pipe, container or reservoir.

BRIEF DESCRIPTION OF THE DRAWINGS

Embodiments of the invention will be befter understood and readily apparent
fo one of ordinary skill in the art from the following written description, by way of
example only, and in conjunction with the drawings, in which:



The inductor coil is formed on a surface of a pipe, container or reservaoir. The inductor coil is
formed such that the pipe, container or reservoir is located substantially inside the coil or adjacent the
coil The inductor coil is formed on a separate carrier structure for disposal adjacent a pipe,
container or reservoir. BRIEF DESCRIPTION OF THE DRAWINGS Embodiments of the
invention will be better understood and readily apparent to one of ordinary skill in the art from the
following written description, by way of example only, and in conjunction with the drawings, in which: 6
Figure 1 is a schematic diagram of an installation layout of a water treatment device using

electromagnetic Wade&irl hazshspieihivgimamicmniestriaien isventieh.a watrgmateato 2d

show four diffacenteaiipticasteinangelectromageetic ndustanfm iBrABRNABRIeMROGBEN;Of the
present inventian. . Figure 3 is a schematic circuit diagram of the electrical implementation of the

device according to an example embodiment of the present invention.

Figures 2a to 2d show four different variations of an electromagnetic inductor

coil n an example embodiment of the present invention.

Figure 3 is a schematic circuit diagram of the electrical implementation of the

device according to an example embodiment of the present invention.

Figure 4 is a circuit diagram of details of the electrical implementation of the

device according to an example embodiment of the present invention.

Figure 5 is a circuit diagram of details of the electrical implementation of the

device according to an example embodiment of the present invention.

Figure 6 shows a flow chart illustrating a method of water treatment using an

electromagnetic field according to an example embodiment.

DETAILED DESCRIPTION

Figure 1 is a schematic diagram of an installation layout of a water treatment

device using electromagnetic waves in an example embodiment. The device 100

‘j comprises a descaler unit 102, a pipe 104 and an electromagnetic inductor coil 106. The
descaler unit 102 is coupled fo the electromagnetic inductor coil 106, which is wound

around the pipe 104.

The descaler unit 102 generates electromagnetic waves according to
requirements set by the user in the example embodiment. The electromagnetic field is
then generated within the electromagnetic inductor coil 108. The water is treated after it
flows into a fluid inlet 108 of the pipe 104 and out from a fluid outlet 110 of the pipe 104.
The water is subjected to the effects of the electromagnetic field generated within the
electromagnetic inductor coil 106 when it flows through the pipe and thus through the



Figure 4 is a circuit diagram of details of the electrical implementation of the device according to an
example embodiment of the present invention. Figure 5 is a circuit diagram of details of the
electrical implementation of the device according to an example embodiment of the present invention.
Figure 6 shows a flow chart illustrating a method of water treatment using an electromagnetic field
according to an example embodiment. DETAILED PESCRIPTION Figure 1 is a schematic
diagram of an installation layout of a water treatment device using electromagnetic waves in an
example embodiment. The device 100 comprises a descaler unit 102, a pipe 104 and an

electromadiietiomadefticderuets. cpild R dhndieaind p1es kst frusd REddbe siradiéti®aiductor coil

106, whichbis wolndzasa iyd:thevpigp@tidure or Thad@staler unit 102 generates electromagnetic
waves according to requirements set by the user in the example embodiment. The electromagnetic
field is then generated within the electromagnetic inductor coil 106. The water is treated after it flows

into a fluid inlet 148 if fREePifleat Chaandisut robe dfhaieduney 11 diake sipdao4iThiwvdter is

subjected tdbeoniiagisiefiipalrcEamesnetisinidaanestpduishin e s eatomagnetic pguctor coil
106 when it f{o s throu hthe&oi e aq thqs hrough the 7 Iectroma}gnetlc inductor.coil 106. The
i %‘ﬁrgijagﬁah@p e 169 %@ﬁ%ﬁepécfﬁ‘ﬁfﬁvé‘a%?)a'@ﬁvir%a Ysslird'dr BS natural

treated water that flows
flow. RrgTRotiddlibetifeeweatier Kabddértatdednaayiargt havesterfmy ithvoih tthe isfeetnomagnetic

inductor cofldl QR SiftesRat CPLIERRRIR. Sipilare he-RiPe A4 Marnokingve tabe plaged in the

electroma%netic inductor coil 106. Rather, it will be appreciated that the water can be treated as long
as the wateP RAM#Rthe influence of the electromagnetic field generated by a treatment element
according to an example embodiment.

In other words, the shape of the treatment element is not limited to a coil wound
around a pipe. The treatment element can e.g. be formed as a separate component and
be placed adjacent the pipes, containers or reservoirs containing the water in example
embodiments. The treatment element can alsc be formed on the surfaces of the pipes,

containers and reservoirs,

Figures 2a to 2d show four different configurations of treatment elements 2003,
200b, 200c and 200d in the example embodiments. The treatment elements 200a, 200b,
200¢ and 200d are placed on separate carrier structures 202a, 202b, 202¢ and 202d
respectively. The carrier structures 202a, 202b, 202¢ and 202d can be placed adjacent
the pipes, containers or reservoirs containing the water or formed on the surfaces of the

pipes, containers and reservoirs in example embodiment.

it is observed in Figure 2d that the shape of the carrier structure 202d can be
irregular in an example embodiment. This enables the carrier structure 202d to be
placed on irregular surfaces or to be formed on irregular surfaces of the pipes,

containers and reservoirs.

Referring back to Figure 1, the diameter of the pipe 104 may range e.g. from 0.5
fo 20 inches or greater in the example embodiment. The number of turns of the
electromagnetic inductor coil 106 is determined according to the current flow through the
wire. The current through the efectromagnetic inductor coil 106 may range from 0.1 to 10
amperes (A) in the example embodiments. However, the exact current is dependent on
the actual requirements.



In other words, the shape of the treatment element is not limited to a coil wound around a pipe. The
treatment element can e.g. be formed as a separate component and be placed adjacent the pipes,
containers or reservoirs containing the water in example embodiments. The treatment element can
also be formed on the surfaces of the pipes, containers and reservoirs. Figures 2a to 2d show four
different configurations of treatment elements 200aB 200b, 200c and 200d in the example
embodiments. The treatment elements 200a, 200b, 200c and 200d are placed on separate carrier
structures 202a, 202b, 202c and 202d respectively. The carrier structures 202a, 202b, 202c and 202d
can be placed adjacent the pipes, containers or reservoirs containing the water or formed on the

surfaces of the pipesheostaingls antbeseRMIrsHE exgenplecmPodime. the Yidsrhngsaddn Figure
2d that the, shape. of rrier structure 202d.can be irregular in.an example embadiment, This
enables thfe carrlgér% S{Fﬁfgﬁg g%t;'dn}’ge e%p%g%esg %eiﬁ%éh%%@mfgf%g%rjtg & e Shar&Gular
surfaces of tRe'Bipee’ ebtittirurssrasasaitiors round Refiariag backierigisegls thedjartieter of the

pipe 104 majsaags $8.1Hem GiFda:.20 mches or greater in the example embodiment. The number of
turns of the electromagnetic inductor coil 106 is determined according to the current flow through the

wire. The current through the electromagnetic inductor coil 106 may range from 0.1 to 10 amperes (A)
in the example ermigodimEraborewevendhele@eatcusfettidas diepandgninopidhe ALitieh raguikements. B
In the exawple-grabadisaenhdhe PiRe 194 far windisesthe slectromagnetic indiictor coil 106 is not

limited to the sgfpe,as shown in Figure 1. The pipg}%m may%egﬁ}gagr%u%\a beﬂfzéq%iﬁgir%r#ghaapes, such

as round, FESE G "0du R, HslEe Be Al o IPRRE A B8R0 s Aiffeteptrasmanetic Figure 3
shows a biodkakiagrain3obthRatte tiicabisyementatigninitbeexample embedimgnkitheslryvice

comprises.@f ilizi 1t,302, a control unit 304,,an electromagnetic wave generator 306
e PR R S

and an electromagnetic in age stahilizing unit 302 and the electromagnetic
wave generator 306 are connected to a voltage supply of V. The voltage V" is supplied from the

adjustable on/off Treywes Bage W (Dat SEOYEREWHE-ISIEENAS; 5@t%mﬁi@mwg§85§qﬁgpt shown).
The volta% V"n:})whb%set ata va%% % \ﬂ)?t from above 36 to 48V in the example embodiment. The
h

voltage stabilizirg unit 302 Comvet AR/PEE SEMEB R U Ao RIS VBrovide a

conver
stable wofRMghsosetrad dppajte tarobunfrotualicBe43h thd 8%damiile erzpasliemenbodimseRheTeentrol unit

304 IS proaimiymSIsIaNy RIRIYEoS RSO YIRS 04Ne FIEFL BURRLEL e gepgIptor 306 in

the exam?le embﬁdiment. The electromagnetic wave generator 306 is connecte
electromagnBIRVIARLRLSITBR WHEAE ROVRiesUpRlYe i ot agRERE SRjhalMutputhe @eample
electromagyneddiimehictor coil 308. :

The control unit 304 is programmable and produces three output signals to
the electromagnetic wave generator 306 in the example embodiment. The
electromagnetic wave generator 306 is connected to the electromagnetic inductor
coif 308 and provides the electromagnetic signal oufput to the electromagnetic
inductor coil 308.

The operation of the device will now be described in more detail with
reference to Figures 4 and 5. Figure 4 shows the circuit diagram of the voltage
stabilizing unit 302 and the control unit 304 in the example embodiment. The voltage
stablilizing unit 302 comprises a voltage stabilizer Q5, a resistor R14, capacitors C8, C9,
C12 and a diode D1.

In the example embodiment, one end of the resistors R14 is connected in line
with the supply voltage V.. and is connected to the Vi, port of the voltage stabilizer Q5.
The capacitor C12 is connected between the V), port of the voltage stabilizer Q5 and



The operation of the device will now be described in more detail with reference to Figures 4 and 5.
Figure 4 shows the circuit diagram of the voltage stabilizing unit 302 and the control unit 304 in the
example embodiment. The voltage stablilizing unit 302 comprises a voltage stabilizer Q5, a resistor
R14, capacitors 08, 09, 012 and a diode DI. In the example embodiment, one end of the resistors
R14 is connected in line with the supply voltage V" and is connected to the V," port of the voltage
stabilizer Q5. The capacitor C12 is connected betwgen the V. port of the voltage stabilizer Q5 and 9
ground. The capacitors C8 and C9 are connected between the V"t port of the voltage stabilizer 05 and
ground. In $88%hnpfe @rtsdigiin &t b aditers orpaairiCearescalbacifonstivavivighe defitagd polarity.

The positiveratsitkBegasivenpalesuatithe diede Rinare cRMRBHIRMHIO ABBXibROE andthe A part of the
voltage stabilizer,05 respectiv rol unit 304 ises a programmable chip U3,

ly. The cant ] ompr ,
resistors RE- B0 K10 %‘ﬁﬁ% %@ﬁc‘i{ Egﬁé@tgfb%f@g'ﬁﬂe@?%nﬁ‘gag&%%f? Sbsdlindm P TRee
programmaigienétipcUs iseaviviicrot ipd Teevhatogyofrice PIGA@E 6EZbilthip (Fhesifddtpety of
programmable chip U3 of the control unit 304 is connected to the Vout port of the voltage stabilizing
unit 302, for provision of the direct voltage of 5V in the example embodiment. The capacitor C6 is

connected between GEEHArHBE B¢ HYGRIITHR SR HRTERRECHIR MR, Friste s RSt C R
connected detweh thel GRA-piicroftBeaprogramnieblexahipié) 3rapecprumdThE e regisienBadid is

connected t r R rogrammable chip U3. tput
signals A, ﬁ%ﬁ%ﬁ%ﬁ%ﬁgj tt{)_% t%%ﬁ%%r%%’a@f?i% %tgg\a/e& gi%'nrgggtrg?ﬁ 33%8%%9 r&spe'rrg? li%m the
GPO, GP1°HifH S5 6 fodrehuréBfdmasapretas fouVikirk et dbis tniéona 6] FRUized RS
respelctivelyozjﬁgrmmgth@imm% @&&U&)@é@%%@@mmm;@iéﬁiﬂﬂﬁ%%@ﬂim@ tﬂﬁé%ﬁb{é’cﬁﬂﬁ Odutput
signals A, T utput sign .Ban are digital sigpals. The output signals A and B are
exactly op?gsa;lge_ tcg%%ecﬁ(ﬁ?egtr?gﬂr%vivﬁ ?%'e&elégb\n%[fggn Sdthie F“\AVWB% t@’%%?ﬁgﬁf’%ﬂ% hig, the
output sigrF@FBSHAT Be’ |6 aanaastssl Ve brearh i g Bé ney obfhbe wimar sigmealbthamie ) sighals A and
B are contrg) he programmable chip U3. The output signals A and B ia-ti4#a control the
frequency %%At %@iﬁ;ﬁ%f esf:?gi%iiot e'e e%??ogr%%gnbﬁ%?ﬁagg?osrvgé‘bﬁ%g?gi M -FnROSuRh ESignal C is
kept at higkregrammghle chiphéitreatment operation of the device, and low or "0" at other times.

Figure 5 shows a circuit diagram of the electromagnetic wave generator 306 in the example
embodiment. The three signals A, B and C received at %?rts A, B, and C respectively are coupled to

two programmabl@RiBS ST AU BithE alschdmmisgnethe flecherasnstisuavereenpsator
programmeieciiiBigiiteabiditda dne BRNatdnahRecHfipohalbtiidgrdiivenehins dR2UH% Port A is

coupled (9016, IIC IR OLIAMIMALE RIBLABN A B3 SRR 0 BUTRRY St

programmable chip U2 in the example
unit 304 is programmed to control the output signals A, B, and C. The output signals A,
B and C are digital signals. The output signals A and B are exactly opposite to each
other in the example embodiment. When the output signal A is high, the output signal B
will be low and vice versa. The frequency of the output signal changes in signals A and
B are controlled by the programmable chip U3. The output signals A and B in turn
conirol the frequency of the signal fed into the electromagnetic inductor coil 308 (Figure
3). The output signal C is kept at high or "1" value during treatment operation of the
device, and low or "0" at other times.

Figure 5 shows a circuit diagram of the electromagnetic wave generator 306 in
the example embodiment. The three signals A, B and C received at ports A, B, and C
respectively are coupled to two programmable chips U1 and U2 of the electromagnetic
wave generator 306, The two programmable chips U1 and U2 are International Rectifier
haif-bridge driver chips IR21094. Port A is coupled to the "in" part of programmable chip
U2 and port B is coupled to the "in" port of programmable chip U2 in the example



10 embodiment. Port C is coupled to the SD ports of both programmable chips U1 and U2 in the
example embodiment. When the control signal C is at a high or "1" level, programmable chips Ul
and U2 are in operation. When the signal C is at a low or "0" level, programmable chips Ul and U2 are
not in operation. The programmable chip U1 is coupled to MOSFETs 01 and 02 while the
programmable chip U2 is coupled to MOSFETSs OBJa{pd 04 in the example embodiment. When the
control signal A is high, an activation signal is output'from the HO port of the programmable chip U2 to
activate the MOSFET 03, while no activation signal is output from the LO port of programmable chip
U2 to MOSFETGuheTheRoontros signsit8 twithbesovpartes beiconbglsignaié isibigh, asdaeseribed
above, anqr?i@zé‘%%ﬁ"iﬁé‘ mi}'ﬁe%{tput from the LO port of the programmable chip U1 to activate the
MOSFET 01, while no activation signal is output from the HO port of programmable chip U1 to
MOSFET 02. MOSFETSs 01, 02, 03 and 04 are arranged in a bridge type circuit between the V"
line and ground. itven the MERIFETSA1a8h03 argmastiver Mvis anplied:Aciers the elestomagnetic
inductor 03;28308 betwee %‘gﬁﬁintg 500 ang(goz, with g{oint 502 connected to ground. Similarly,

04 a I

when the MOSFET< 65 41t FA MG IR fe B PaCrS s StHEVEe ARsAERaREiRbiRSt S eoil 308

between edMehesH0T EnePpsostianith point 500 connected to ground. Thus, an electromagnetic field
of varying polarity is generated by the inductor coil 308, with a frequency of the electromagnetic field

controlled by the ?gggvation sig@r%?ls to the MOSFETs Q1 to 04, based on control signals A and B
received from the ConiFAYATEGR EEidlire Y. ' compled derdiRsiitelic Wdvasetatdiigotisurther
comprisesrandradicatbiecitipit Coinprispedresides RIS @R G.ans wiodesRianabogiinthe example
embodimepf,Jhe, Indicator Sireuitt light emitti lode LED1 as an indication the the
electromagnetic wave genesgr;g{qoérri %S%r@ggﬁe%étig%ﬁi@#ﬁe%ﬁﬁgdu 85%%@%%%&%%@8@ CE%QUZ?S C13,
Cl4is co%@ﬁ%’%@b@"qw Ydsretvairctie Mot fssivtole Ra 2etivatRe Jigrakisthetpptovided in

the exampftererttizotdinent. ol prograrfmxamplengmbpeinmentsef thespreserbivg Riigmayqampprise the

following f advantages. . Example embodiments may be able o proportionate the

treatment @iﬁ%ﬁ&%e w@éﬁaéﬁg%n %?Sd'gehgjsf vgﬁcé@%lar &% g\?éj? A FEEAHATE TR dS For

example, HEAvéfaEnBEJdlueoHr ¢hifgepingiamertde cipsiddbie affortntoedil@B REVItohment is

allocated wiila@ipsapesionally IRSEr HIREHIDES SRAMENOLFARGES MAeS FB%X%F%LP%?}?%“TG in
e effects

order of desirability of the associated effects. This can ensure high efficiency, minimize si
and reduce power consumption.
MOSFETs Q1, Q2, Q3 and Q4 are arranged in a bridge type circuit between the

Ve line and ground. VWhen the MOSFETs Q1 and Q3 are active, Ve is applied across
the electromagnetic inductor coil 308 between e.g. points 500 and 502, with point 502
connected to ground. Similarly, when the MOSFETs Q2 and Q4 are active, Ve is appiied
across the electromagnetic inductor coil 308 between e.g. points 500 and 502, with point
500 connected to ground. Thus, an electromagnetic field of varying polarity is generated

} by the inductor coil 308, with a frequency of the electromagnetic field controlled by the
activation signals to the MOSFETs Q1 to Q4, based on control signals A and B received
from the control unit 304 (Figure 4).

The electromagnetic wave generator 306 further comprises an indicator circuit
comprising resistors R15 and R16 and diodes D5 and D6 in the example embodiment.
The indicator circuit turns on a light emitting diode LED1 as an indication the the
electromagnetic wave generator 308 is operating. A filter circuit comprising capacitors
C3, C5, C13, C14 is coupled to the V., line and short circuit protection resistors R12 and
R13 are further provided in the example embodiment.



Example embodiments of the present invention may be more flexible and able to solve multiple
problems. In order to obtain the desired water treatment effects, the important factor is the program set
in the programmable chip U3 of the control unit 304. This depends on and can be chosen based on a
detailed knowledge of the influence of the electromagnetic waves of different frequency ranges on
water treatment. Example embodiments of the, present invention address a number of problems
using a range of frequency values. In comparison, using a single frequency can at best produce the
effects to address a particular problem as identified by typical water treatment devices which claimed
to have effects onFX&iigfe prtSEIICTISe Yrdtparifsanle CHAPOS dhie exaRijsie EmbBiéits may be
‘programméehtorpsashiceduarieg suitable ranges of frequency to suit the treatment requirements.
Taking water treatment of cooling tower as an example, multiple identified problems may need to be
solved. Effects to be achieved include prevention of growth of algae and bacteria, removal of existing
scale and prevenfigABPRirthcsiaiefermarid hindtiorrefaringataittherdmimerratsmiages of the
pipes and Kbiﬂ@@ﬂ@@f&%ﬁﬂ%&ﬁ@ﬁ@ﬁ%@@%@%@égQQ@PEi?%-mW%Q'%H?#Q?@QQ%[@’,i't'ﬂé’Vater may
be interreIzT_EgdL.j When ane problem |§Yﬂot/§ddressedéoroper , It may lead to the occurrences of other
problems. Fof xampfB Yhetfe IS IBVEE Maga g Al S SEasE dBs s HYEYD reQYieRMAR! fowth of
bacteria. Elvogiemedih sgnerecdivrediy ahgeofi2é OiReA firr¢herexaraptenbedimentshhsedesired
current mayibeawasiefhbymalying the timppsionsoLlis e ioraal andhe pupBgof s in the

inductor coi;f_ It will be appreciated by a person skilled in the art that the example em ments of
the preserft ifverBoR LY FfotHE iRt 0Dt Yoy Mbligsle problems. The example
embodiments can also be used to solve individual problems more effectively compared to existing
water treatment raethods. : I bodimenis of the present invention may adopt different
frequency ranges for sglviﬁm?ﬁﬁ%ﬁg %fr%% r%ess?nggh Ygﬁ'ﬁh na%'g\ye% if %%’eexg)r(%bg%e%}r% %%rgfent. For

example, YR CBHIREN dERPREWUSRCP AT JE Tobisiavibstidgsikmevgisivireatae e sifesia, Shedz to 30

kHz aRd :hmmeﬁiﬂﬁféﬁuﬂsr_thmﬁisbb@ém@sﬁﬁmt%elp%%}ér@rﬁal_ble cHip ajm%ﬁékﬁehm&%lzvtﬁhi‘;bdavowﬁ the
growth of ga,n er of species of bacteria, such as the cooling water within the cooling towers, the
preferred I’:Tgagu%ﬁ%?/nfja?ng% ?8§V\C/3Pe B ir?féee&igﬁsgﬁof)ﬁilﬁr%getgf%ﬁg%??ﬁ[%‘?qﬁé\;éwﬁd?ﬂ{ig'ﬁ%%fgria growth
may be 5 KizledookrEaefhegyesfofrdffoenthequngey iggeaten thiateS06atnfent.  Example
embodiments of the present invention may use repetition of various frequencies within short time
intervals as there_is a greater likelihood of influence upon microbial cells. This may be especially useful
as the frequency éﬂ@g%f%éﬂdgﬁéﬁés%géey@ﬁ%eﬁfem SHEEEVRYEEEE AR RE tRE RISBI#NSingle
frequencyusingesraithetbé fecarapty enbedimeispthesexamplg exibolimenismay-be moksuited for
utittarian [aetitanploanans havingpateal yanel ol BRoRUR JDSRpmblesmogdinente may not
have to use multiple units of generators to provide different frequency ranges to t?’é)rget the many forms
of bacteridreatment devices which claimed to have effects on a single problem. The programmable

chip U3 of the example embodiments may be programmed to produce various suitable

ranges of frequency to suit the treatment requirements.

Taking water treatment of cooling tower as an example, multiple identified
problems may need to be solved. Effects to be achieved include prevention of growth of
algae and bacteria, removal of existing scale and prevention of further scale formation,
formation of magnetite on the internal surfaces of the pipes and to increase pH for
decreasing corrosion tendencies. The problems identified with water may be interrelated.
When one problem is not addressed properly, it may lead to the occurrences of other
problems. For example, ineffective removal of algae, and scale deposits may result in
the growth of bacteria.

To achieve the desired water treatment effects, the programmable chip U3 is
programmed to produce signals of frequency range from 5 kHz to 30 kHz and {c have a



Further, example embodiments of the present invention may control bacteria, especially Legionella,
which typically cannot be controlled by a low alkalinity program alone. It may also be unsuitable and
impractical to increase temperatures too high within e.g. cooling towers purely for the purpose of
dealing with these bacteria even though sufficiently high heat can destroy them by sterilization. 13
There may be no need for use of chemicals to achieye bacteria control when the example
embodiments are used. Compared with using biocides which tend to produce biocide-resistant strains,
example embodiments of the present invention can work at the preliminary level of controlling bacteria

growth ratiBPHRHR MENER kiR BatdbifaoiThé dedhipie dirodimentemhedivesstfebivadsiradintaining

low levels ofibasteria/desinkrivbish meyibaapseierasmethadnshentbelewl sfbacelia s

multlpl_led. Jﬂ&%@ﬁ%oéh%%tﬂé P%%YYW t_he example embodiments may destroy certain functlons of the
bacteria such as their general metabolism and the means to reproduce. The example embodiments
may cause effects such as curling flagella which prevents movement of the bacteria cell to source for

food, thus disablinghe.0agiada mepps IpsHiiklifes in theTheReipred SrRguancy sanes, may be

within 1 kHﬂ 200 kafor the formation of malrt%netite on the surfaces of steel and iron. Magnetite is
useful in preveRting EBHBLR R P AR S MiPiRd dR&ReTs fon sehdRa e TR PSR eX6f cooling
water pipe&xiilk beraffeoticetn qarewéntibg ceedsiondrethelinteraapsbfacesrobibefipessly By

using the fggg%rggé{ @@%tﬁ’f@%‘{& {%gt%m_e%ggpg foulants within the water supply systems can

be gradually removed and further scale formation can be prevented. Dirt may include but is not limited
to scale, organic materials and inorganic materials, barnacles, shell or clams etc. This may be further
extended to otheEapplidatiansditatereedito-prevest dithasatisnulatipnadgharmalishesgsar ptructures,

externals | ipes. .. A frequency range of 100 Hz to 150 kHz may be
used to gr?d%%‘???gﬁgﬂaz&%@%ﬁﬁga g \,‘32{5’;‘ ggrsﬁ n%eg %héﬁr]éeg ars n qéexfaerpr?g 260rs involved.
This can DEPRPREPS dhsecrppended firsuptonreypseies sieveatifteeltiag aatelhsumaylpsystems.

After treatmierih Se-phbaidikeirarZitg Yealar-aradyally 16reasgs fod the waterdogcomes more

alkaline. This helps to prevent corrosion and is beneficial to the cooling water system. Example
embodiments of the present invention can control scale formation by increasing the ability of the water
to dissolve materfalal Piwiinflioentevbith Epecifictbieghoviiaghetiouiete nuiyspacise thidfataration of
larger Walgh R WS EANRG 4 AR EATIRY T RERE TG AR Red DEnlg AR YOI larger
water clusters may be |

waterrgiglln?ection and killing of bacteria or prevention of bacteria growth may be 5 kHz to

500 kHz: The preferred current range is greater than 500 mA.

Example embodiments of the present invention may use repetition of various
frequencies within short time intervals as there is a greater likelihood of influence upon
microbial cells. This may be especially useful as the frequency range of each species
has yet to been discovered. Comparing the use of single frequency ranges with the

| example embodiments, the example embodiments may be more suited for utilitarian
facility applications having a great variety of bacteria. The example embodiments may
not have to use multiple units of generators to provide different frequency ranges to
target the many forms of bacteria.

Further, example embodiments of the present invention may control bacteria,
especially Legionelia, which typically cannot be controlled by a low alkalinity program
alone. It may also be unsuitable and impractical to increase temperatures too high within
e.g. cooling towers purely for the purpose of dealing with these bacteria even though
sufficiently high heat can destroy them by sterilization.



achieved by a change in the bonding between water molecules caused by higher energetic states
under the influence of the electromagnetic field. Thus, the amount of calcium ions that can be
dissolved in the water increases and super saturation of molecules can only be reached at a higher
concentration. Further, example embodiments of the present invention may allow scale control
even at high hardness levels. Despite the inverse solubility of calcium hardness at high temperatures,
many methods failed to address them. The exampIéBembodiments may be capable of dealing with the
associated problems of scaling, even at boiling temperatures. Special chelants may be used in
chemical treatmentigiethied i therwateiocvntaiisharders$o Fhbieyairplzdmbodint edtsmiag be able

to affect thewappastitegitismsSHciies alhighiamperaikiessReflPowrRE serledrms.can still be

obtained i%stea of hard Pre%g)itates when temperatures fall out of the typical temperature ranges for
stability. FOIPEKSH BRSRB FHRI S-S B SEnoed RRYS ebBimg ket BoRalitsheandredfed after
example epnbiodinzentsofi thé preselitinveniioin. growlio dthrthahadditiondl hiltngnt=etige Thay have to

be added to, W LsURAMINIG P GXIRBIE,RMROBIRONS T DISARYAEYPRLBESHITERG8S Such as

eutrophication or algae growth, which are usually results of additional nutrient sources such as
phosphatetige FRVdre it BeatTasinRb RIS fot BLRIRrpiIRFESHTHIREE-afe Rengshirces of
residual nitizistatiz grothier thutsenhsrussastionathenenvienroe isiah resilidnaer ewiseament
favourable,for,the migrgfiora arah, Jne sxamele enjbodiments may,be aple.to kil algas and further
prevent its growth under controlled conditions. Xample embodiments of the presentiinvention
may be deigREMEHE s @eire efcBmbinbrwithiibtaciagelnodsin theeesaimplevembotivhent. The

example ebedinentsanay louecemplemeantansssmehiahardavces fa rtherpnancing treatment
effects. For example, copper and silver electrodes for electro-chemical treatment can be used together

with an example embodiment to improve bacteria and algae control. Further, example embodiments
may also be used tegetier adivéiesing sysgensagdsigriédnd fdhadee?80dgén fledisoiictsttatare of high

levels in ceftainqRicatiangand #Rdes cartainenyirenmenipLepadiions. ik standardameifiod of 15

cathodic protectjon, which is incompatible with most chemical treatment methods, may be further
enhanced SRR e S AXRTIRE drifratite & formre eraihpibtermebatiiarrs. ¢,00lin8 WatBbdiments
of the pregdmgsniverilice sffachlioin otalealiminaticnsiohusetiof tiiemigalsmbighastienyipeamental friendly
as there may be no release of toxic compounds. Further, example embodiments of the present
invention may be suitable for use even under conditions which tend to affect the performance of typical

- water treatment ¢R\VIEERY Hhe EefdRmsHS Adedd ButHrdnmaPlintited axigiagdeeniauriion dperation,
especiallywipiersigspResstisendneaameupiplanydnessdatesiedunibe yateridhadiew ehthgavater

through the syst the pH of the water. In specific, the example embodiments, may have added
advantagé)éec‘))\l?gr?%pqéﬁ Wk ﬂ?%ua#%ngﬁ ﬁef\]/?gégg‘%d &F%ﬁg?pieéq LGP HER AR U Rat uses
magnetic fidigsialie yjurdddiekbstreryttiamay ie.oftdinedayy beflduizeyeceirodgh tocaiss
movemensgfdefsniiaYohdba esthrennal fislds.dMURYEh, SXAMRIe emlpdimentsgl ihe present

invention ma% not need to maintain a minimum flow and may work well with static fluid bodies. In fact,
the longeFHIE AR i W RFESEaRiNgdRYeinAliEaREhe effect of the electromagnetic field subjected

to}the water.
' A frequency range of 100 Hz to 150 kHz may be used to gradually increase the
pH of the treated water assuming there are no external factors involved. This can be
applied to closed loop water circulation systems such as freezing water supply systems.
After treatment, the pH of the freezing water gradually increases and the water becomes
more alkaline. This helps to prevent corrosion and is beneficial to the cooling water
system.

- Example embodiments of the present invention can control scale formation by
increasing the ability of the water to dissolve materials. The influence of a specific
electromagnetic field may cause the formation of larger water clusters which can hold a

greater amount of particles and ions. The formation of larger water clusters may be



Example embodiments of the present invention may be improved by increasing the capacity of the
device. With the increased capacity, a smaller number of devices may be required for large-scale
facilities. A reduced number of devices may require less synchronization. There may be better and
more precise control of the devices. Improper synchronization may result in a counteractive result on
the electromagnetic field strength. Example embodiments of the present invention may be
suitable for use within a range of facilities, includiné‘éiﬁerent subsystems within a same facility which
avoids the need to use different treatment methods in one system. The example embodiments may
e.g. be usefhisrvgre Darp b prgposedef tvedhildreborrtensgeambimildesn cegystemyahileesame time.

16 There raayralse Redessuigdueiy pieeshell gsithe SsarmpisFRROHIRE S mayReahlgdo andle a

higher concentration of dissolved solids, resulting in a decrease of operationai costs. Further, there is
little or no SFYAHTE SN HBMRRILEISiRRED Wt the il a6 ddt oo SIS Rlcurred to
treat the effiwentizsfore ividydischached intoléghca sawenagdsystem. Further, example
embodiments of the present invention may be capable of allowing scale control for water with a high

value of Langelier-gatdraiondprexrbalimuhichisan indication ofibe Iradency, &kte waigsto form

scale. Example embodiments of the present invention may allow total elimination of use of
chemicals SCHe A O E 8RS HRYRSnd SShaRi AT AR SRULRIUY il doRMR Aindibase costs.
The manuédpsagerasaynalso reshitics iaitre asesbithbestioastsTHdssalmqst impossiblerte phage too

great a doggoeaLane Umadaaausednelinisinanls sresried apdhmeliean.may npbjg.optimal

Biocides such as bromine an ave to be added in some existingWater treatment devices.
These are'RERATEI4RE expensive. Moreover, these chemicals evaporate very quickly and have to be
added regularly. Example embodiments of the present invention may not require the

electromagnetc gduci 5ol 19 be 1 diect sontact it e atef, The example spocients alow
easy installation, Which furthér decréases costs. 0 achieve increased effécts, it may not be
necessaryO® {Atre AsEms siZdefakrris icabbdiranisierembedifierits fabthecset haviteion

proportionalhy Wilikriibe sevige elayamipie erbadipeais, PermanshMagneiaregulin aRigaer size

in order to.generate the required field strength. In many cases, when the size is greatly increased, the
effects ard HOLAVE BHOUTFor 14158 SERE FIUERARD S B5IR TBEA BRI RIS the
combinatider sfasldittrit dietdzanuenag hetit fielid i apseakadtivbénfimiog thwlke ceadltionsfigtdeso great

that there siﬁd?)%iﬁgﬁraﬂé}eé?&&%é%%‘é&ﬁéﬂé%ﬁ%@@%}ﬁ@%ﬁﬁ magnetic field strengths nor an

electrical supply with a very large power generate a large electric field to achieve a similar field
strength. In comparison, the example embodiments may save space and may be more convenient to
install. No further additional nutrient source may have to be added to the water when

using the example embodiments. This may prevent occurrences such as eutrophication
or algae growth, which are usually results of additional nutrient sources such as
phosphates used in chemical treatment methods for corrosion prevention. If there are no
sources of residual nutrients or other nutrient sources from the environment that result in
an environment favourable for the microflora growth, the example embodiments may be

able to kill aigae and further prevent its growth under controlied conditions.

Example embodiments of the present invention may be designed to be used
alone or combined with other methods in the example embodiment. The example
embodiments may allow complementary use of other devices for further enhancing
treatment effects. For example, copper and silver electrodes for electro-chemical
treatment can be used fogether with an example embodimént to improve bacteria and
algae control. Further, example embodiments may also be used togsther with filtering
systems designed to remove suspended solids that are of high levels in certain

applications and under certain environmental conditions. The standard method of



17 An example embodiment of the present invention was tested in boilers for controlling scale. At
high temperatures, hard scale which should have been formed substantially, was not found at the high
temperature surfaces. Moreover, it was observed that layers of white powdery coating were formed on
the internal surfaces of the tubes when the boilers were opened for inspection. The layers of coatings
were immediately easily removed with the flushing of the boiler tubes. This proved that the scale
formed was not hard and did not necessitate techni‘c‘fhes required for hard scale removal such as
high-pressure jet washing, scrubbing or washing with strong acids. At the same time, the iron levels
dropped freathedopprredian 9fyeh Eniehenatiz08itp mesid-erectidresbneistertiyodaimained at less
than 0.01ppimuriner SRANREEXAMPIGEMDAHIMAB MBS RIESR IVERURa NS estedinsiles

susceptibI%to higfh temperature triPs. It was recommended to keep the hardness level at 100ppm to
prevent hard SEA18 FRRHBIE ik iMiGIBP At (RUNIBINTTRY AlWalde kST inaten el Yehd level
ranges fronn@50ppmwhid0jsp e Fraguenizbléechdff imsequired mwih ebdsting telehniguss toegulting in
great wateg | gLhe example embodiment can allow the total dissolved solids levels to be
maintained at 1000ppm consistently and thus decreasing the bleed off rate. Another example
embodiment of the present invention was tested for controlling Legionella bacteria. The acceptable

level of bacteria isurtemaxendsd énbedRehtdnli Haeppxamplawnhadimgntkeapsibedeyrkof bacteria
within the level...The leve] of Legiongll tected is 1 cfu/ml in mast instances. There are
g\‘/‘;\/%ﬁ}ere é’é? el W%{ﬁél]rgeﬂg?f’ aﬁ gt(%ﬁ% ﬁieé%fmame % W ;Cago\?a gf:i&eeag%?né”_ Before

also cases wh y the reports of parties showe egionel sh
installing tH&visesmpleeetabetivhen)aheqotat betad EouisdniasthzOBomefaimt Aftepirstidation, the

total bactesipeabin deaBs kAR GIL/ manddhe: lovrstiRasieliacouatmeasues is2aR fwml.
Another e am&le eernLgodi ent of the gresent invention was tested for preventing algae growth and
ect

enhancing the @iacty 6HAR 8%y S Th@SivEicaRt cBpper idflth dAcHRRl ind Hg%egtBiRth as the
example erftsedimentscanyksusedidithachppegendsivipalecete systerniTheiose of the example
embodiment produced better results in the control of algae growth as compared with chemical
treatment. There were also clear differences in the coating formed on walls in a cooling tower

environment, with Sh&Pigebyaish et fRiess inl s s mammtic laktnghe croatree sl
comparedsivithotihemic aletreiatinect byhichstilrgsudieshighthickdayers ofedgaes of ioANgiheigaxample

embodim% inventi as tested for, corrosion control. Congrol of corrosion can be
analysed usir%%ﬂ%%\%;ﬁsgg%gﬁ?%%o \e{l\{/eé?sg. %?feeexnaPhop ’S? e|'o \/_5):{51?I1 %56?5%9%%‘5%‘1@%’?6&‘%% Feo\ﬁaels 7.0to
9.0 for a dHSIhELBRETAIRAGHATBR Tiel Rethedyysii watlvgtborisidhidediessiorfazintbe worsened

by high acigtigetemelseaticanhobaans carirahel fealeaing cagesianniesiiRg Masrendweigd for the
pH and the jron Iea/%st duringetesting of the example embodiment. Periodic inspections were carried

out to obsself%)f'g %F]ee conr(’ﬁti\gﬁ bf the boiler water and steam drums with regards to corrosion control

and the prevention of scale formation. Another example embodiment of the present invention was

tested for controlipghhacterimesmEnand sRIasion TYRisaby ind SRling.tousy Avienmepy the

bottom of the cooling tower may not be seen clearly. This isdue to the great amount of corrosion
products HSHERRARLY Al fXite it Mithit)e ARCTRAP F8L SPBREBH pincmaleh adathe A rieHiefeddish
brown coloay tkthequieserfonustdeesaalestliiidugh caftosipn levels of devassasignrpepinemssrequired
the pipes f e.to serious leakage problems ing, testing ,of the example
embocm e e ot B T Pele e Sor S RATRES Rl avel of
total iron S¥PEFRRalIRAIMTBaYarREss tHaN=0 oBppmashivasrasalithere thea deciearrgnaitodiatdof
corrosionsiférifg same time, the bacteria count dropped from 39000 cfu/ml to less than 1000cfu/ml.

Example embodiments of the present invention may be suitable for use within a
range of facilities, including different subsystems within a same facility which avoids the
need to use different treatment methods in one system. The example embodiments may
e.g. be used for the various purposes of the chiller, condenser and boiler in a system at
the same time.

Example embodiments of the present invention may require reduced testing of

parameters to asceriaiﬂ‘the treatment effects. This can be cost effective and hassle-free.



Another example embodiment of the present invention was tested for solving a number of problems in
both boilers and cooling tower water systems within the same facility. For boilers, the result of the pH
monitoring showed consistent readings of average 8 to 10. The total dissolved solids were maintained
at high levels of 1000ppm while the total iron levels were lower than 0.3ppm. There was also little
corrosion. On the other hand, in a cooling tower environmentthe example embodiment maintained
similar readings of pH averaged at an estimated level of 8, which indicated that the waters were not

acidic and did not have the tendency to increase corrosion. At the same time, the total dissolved solids
levels indicHieERtREtREE ¢ Eadentriiganast foescinsar e sofisnivasniadasadsand ths cbtding towers

were still imgegd aptEatinasraditiany Retiadivsaadings pldpmlevels @éé?&&@@ﬂé%&%@héhowed
that there was n s;%ngjfisﬁnt 19 cﬂrrosion occur_ri%%dThe total bacteria count was also kept at average

levels of 1600 &b/ Shd THE Highee e U8 W 30 cHIRRICR IS ReiRLI8E ikt He weimhsind
embodiment mdytsolgectratitiplé problemsditodrgaatbe alifigauviefenviranitehtrged iinother @xample
embodimegt pf the-RiRseRt invention was tested to show that control of bacteria growth can be
achieved by applying the frequency range of 5kHz to 30kHz. A better control of bacteria growth can be
achieved using tt}g frEﬁuencg/ range of 150kHz to 385kHz. In addition, the use of the frequency range

of 4.7kHz to 145KHY SFoWRE T tHERSAMBIESe b BnmERtSTASGLOR BiebR£8RE e Yrowth rate

of the bact@hnyiThersis onyral 986 waeragthirebaigte ialice it inngater txatedtiby thelexabip)je
embodimegfas FOMAARAI A2 SXIRRIPBRRIRIPIRAIEG D Other water treament methods.

Subsequently, when the bacteria undergoes the death phase, there was a greater drop in the bacteria
count in water treated by the ex?m le embodiment as compared with water treated by other water
p

treatment methods: Gt e GrES WP SIG naBY RIS -Aq'Br 2Boiation /htRer
example ephsbeimeals of thenpresentsisventi biptvas te stieshial siibiiithat thedlebrensetirihadsacteria

count wasggpeh ﬁgﬁ@é@é&&%&xﬁ%g&m&)gmggm'&mggwmc%ésgaf%%ﬁ?fés&ge gn the

bacteria count after treatment by the example embodiment was observed, e.g. a 14% decrease
instead of ThaTPdHeereRE tor HlathireaErpha it ssm gleong Ste berawn Grdittermawhren
remained atdeghide\elg dns dtfecx pesimentabsebtitpalsBigdidexacnpie embadinai kadipwer levels
of bacteri istentl -Another example embodiment of the present invention was tested to
show thaﬁéggfr%e%§§n%c§)dreadnlg€\e%?%ﬁl-?zx o %&ﬁ%‘rv&a&g lise ltj)l %‘r’i?:%sﬁtrsg]fensge b%{(eitcgriaéné@vﬁﬂé The same
trend of aGleRIBNG Hireass ifhpsrtehRNiouAt SYaswBte e . dhekhestitnopbacierke caditdvas also
maintainegkglidgvel ten-fold lower. Under the observation of scanning electron microscope, the
bacteria population of similar samples showed differences in their morphology and structure as they
undergo treatment over time. Curling flagella and increased clumping of bacteria cells were

Example embodiments of the present invention may not require the

electromagnetic inductor coll to be in direct contact with the water. The example

embodiments allow easy installation, which further decreases costs.

To achieve increased effects, it may not be necessary to increase the size of the
device of example embodiments of the present invention proportionally. Unlike the
device of example embodiments, permanent magnets require a bigger size in order to
generate the required field strength. In many cases, when the size is greatly increased,
the effects are still not large enough for large-scale installations. For the example
embodiments, the combination of electric field and magnetic field may make the
influence of the resulting field so great that there is neither a need for large-size magnets
to generate high magnetic field strengths nor an electrical supply with a very large power
generate a large electric field to achieve a similar field strength. In comparison, the

example embodiments may save space and may be more convenient to install.



20 observed. This implied a possible loss of mobility of the bacteria cells which may prevent its
locomotion within the water to source for nutrients, hence decreasing their ability to survive and
multiply. Other effects observed were the mutation of bacteria species after the water was subjected to
treatment and the phenomenon of cross-budding. This may be a sign to prevent replication of the

bacteria species. Example embodiments of the present invention may be used in a variety of
applications including, but not limited to, process plé ts of industries such as the pesticide
manufacturing sectors, hotels, image processing factories, hospital and shopping malls. - Figure 6

shows a flow charfNﬂSOﬁ)(ﬂmstmmqnadﬁmhb@bﬁmma@atmmw&smgf\aas gttt imadpétics fiedd in the
example egihadimenisAlsten ¢ @rﬁ&#@é%?&@&’a‘i@ heigleomagngiiciel] ggpergted

utilising an inductor coil. At step 04 a uency of a driving signal for the inductor coll is varied such

that the geﬁ%?ai%%**élé’cwalﬁﬁafnfeﬁefééﬁ&% PVERRGREGURREFeS: MRGANYe bppiatiatsesy a
person skiltat irmyhes art thatenponetetyscovatiagionsansitaemodificationsaiayubecnadeite thegresent

invention ag ey Biesherlficembedimanis uiihout deparing ram fhe spiror seope alyne
invention as broadly scribed. The presen 1%% ihents are, there ore, % be Considersdin all

respects t"BEINIRIPALOE With Hist fstitave. the toilan (iSer.ATistheey fsr ﬁ?éhthﬁg%@h%f@jmﬁg an
electromagngtiediaidrdkemethest seaREBIg techniques required for hard scale removal such as

high-pressure jet washing, scrubbing or washing with strong acids. At the same time, the
iron levels dropped from 6.30ppm to 1.19ppm and then to 0.03ppm and were then
consistently maintained at less than 0.01ppm.

Another example embodiment of the present invention was tested in sites
susceptible to high temperature trips. It was recommended to keep the hardness level at
100ppm to prevent hard scale formation. This implied that the maximum allowable total
dissolved solids level ranges from 250ppm to 300ppm. Frequent bleed off is required
with existing techniques, resulting in great water losses. The example embodiment can
allow the total dissolved solids levels to be maintained at 1000ppm consistently and thus

decreasing the bieed off rate.

Another example embodiment of the present invention was tested for controlling

Legionella bacteria. The acceptable level of bacteria is recommended to be 10cfu/mi.

The example embodiment keeps the level of bacteria within the acceptable level. The

} level of Legionella detected is 1 cfu/mi in most instances. There are also cases whereby
the reports of third parties showed that Legionella was not detected at all. Before
installing the example embodiment, the total bacteria count was 170000 cfu/ml. After
installation, the total bacteria count drops to 3760 cfu/ml and the lowest bacteria count

measured is 260 cfu/mil.

Another example embodiment of the present invention was tested for preventing
algae growth and enhancing the effects of the toxicity of the silver and copper ions to
bacterial and algae growth as the example embodiment can be used with copper and
silver electrode system. The use of the example embodiment produced better results in
the control of algae growth as compared with chemical freatment. There were also clear
differences in the coating formed on walls in a cooling tower environment, with the



subjecting the water to the electromagnetic field generated utilising an inductor coil; and varying a
frequency of a driving signal for the inductor coil such that the generated electromagnetic field has a
varying frequency, wherein the frequency is varied over a range between about 100kHz and about
500kHz. 2, The method as claimed in claim 1, wherein the frequency of the driving signal for the
inductor coil is varied such that two or more treatment effects are electromagnetically induced in the
water. 3. The method as claimed in claim 2, where f at least one of the two or more treatment effects

relate to one or more of a group consisting of controlling scale formation, controlling bacteria growth,
and formin§X#agifefta@bedrardnioconaisiotreatnERé medwiow ais ciaaTed iweiairncrnaredeirtthe

electromagneiisidialddiasavanirdspelREDe P inThemelbed asglaimed in claim 1, further comprising
simultaneously applying one or more existing treatment techniques to the water. 6. A system for

treating water using an electromagnetic field, the system
Another example embodiment of the present invention was tested for corrosion

control. Control of corrosion can be analysed using the levels of iron ion levels. For
example, pH was regularly maintained at levels 7.0 to 9.0 for a cooling tower
environment. This helped in preventing corrosion as corrosion can be worsened by high
acidity levels. For proof of good control of scale and corrosion, testing was conducted for
the pH and the iron levels during festing of the example embodiment. Periodic
inspections were carried out to observe the conditions of the boiler water and steam

drums with regards to corrosion control and the prevention of scale formation.

Another example embodiment of the present invention was tested for controlling
bacteria growth and corrosion. Typically, in a coliing tower environment the bottom of the
cooling tower may not be seen clearly. This isdue to the great amount of corrosion
products in the water, which made it murky. An iron level of 38ppm was measured and
the reddish brown colour of the water must be a result of high corrosion levels. The
corrosion problems required the pipes to be replaced frequently due to serious leakage
problems. During testing of the example embodiment in a cooling tower environment, the
murky water became clear. A much lower level of total iron content maintained at less
than 0.08ppm shows that there is a decreased amount of corrosion. At the same time,
the bacteria count dropped from 39000 cfu/ml to less than 1000cfu/ml.

Another example embodiment of the present invention was tested for solving a
number of problems in both boilers and cooling tower water systems within the same
facility. For boilers, the result of the pH monitoring showed consistent readings of
average 8 to 10. The total dissolved solids were maintained at high levels of 1000ppm
while the total iron levels were lower than 0.3ppm. There was also little corrosion. On the
other hand, in a cooling tower environmentthe example embodiment maintained similar
readings of pH averaged at an estimated level of 8, which indicated that the waters were
not acidic and did not have the tendency to increase corrosion. At the same time, the
total dissolved solids levels indicated that the concentration of total dissolved solids was
increased and the cocling towers were still in good operating conditions. Periodic

readings of iron levels of less than 0.1ppm showed that there was no significant



comprising: an inductor coil for subjecting the water to the electromagnetic field; a driver unit coupled
to the inductor coil; and a controller unit coupled to the driver unit for varying a frequency of a
driving signal generated by the driver unit such that the generated electromagnetic field has a varying
frequency, wherein the frequency is between about 100kHz and about 500kHz. 22 7. The system as
claimed in claim 6, wherein the inductor coil has an_electromagnetic field with varying frequency such
that two or more treatment effects are electro-magnétically induced in the water. 8. The system as
claimed in claim 6, wherein the inductor coil has electromagnetic field with varying polarity. 9. The
system as EPATRFRNMIPCIHIANS, flith&telopasipsingpyshies also kept at average levels of 1000

cfu/ml and the highest ievel was 3300 cfu/ml This indicates that the exampie

embodiment may solve multiple problems in e.g. a cooling tower environment.

Another example embodiment of the present invention was tested to show that
controf of bacteria growth can be achieved by applying the frequency range of 5kHz to
30kHz. A better control of bacteria growth can be achieved using the frequency range of
150kHz to 385kHz. In addition, the use of the freguency range of 4.7kHz to 145kHz
showed that the example embodiment was capablé of decreasing the growth rate of the
bacteria. There is only a 9% increase in bacteria count in water treated by the example
embodiment as compared with a 12.5% increase in water treated by other water

treatment methods.

Subsequently, when the bacteria undergoes the death phase, there was a
greater drop in the bacteria count in water treated by the example embodiment as
compared with water treated by other water treatment methods. The percentage
decrease was two-fold, 80% instead of 30%.

Another example embodiment of the present invention was tested to show that
the decrease in the bacteria count was much accelerated with the use of the example
embodiment. A ten-fold decrease in the bacteria count after treatment by the example
embodiment was observed, e.g. a 14% decrease instead of the 1.3% decrease. The
untreated water sample favoured growth of bacteria, which remained at high levels and
the experimental set up using the example embodiment had lower levels of bacteria

consistently.

Another example embodiment of the present invention was fested to show that
the frequency range of 5kHz to 150kHz was useful for controlling bacteria growth. The
same trend of accelerated decrease in bacteria count was observed. The resulting

bacteria count was also maintained at a level ten-fold lower.

Under the observation of scanning electron microscope, the bacteria population
of similar samples showed differences in their morphology and structure as they undergo
treatment over time. Curling flagella and increased clumping of bacteria cells were



of achieving two or more treatment effects, at least one of the two or more treatment effects relating to
one or more of a group consisting of controlling scale formation, controlling bacteria growth, and
forming magnetite to prevent corrosion. 10. The system as claimed in claim 6, wherein the controller
unit comprises a programmable Integrated Circuit (IC). 11. The system as claimed in claim 6, wherein
the driver unit comprises a bridge-type circuit and typ half-bridge actuator ICs. 12. The system as
claimed in claim 11, wherein the bridge-type circuit of the driver unit comprises a plurality of Metal
Oxide Semiconductor Field Effect Transistors (MOSFETSs). 13. The system as claimed in claim 6,
further corRpAgiMEta PUtvErRisGradasebieVisme’ Suppiijnelitagenedampbnehisomperieviss. 14. The

system asiglaisoesisiaimalBinvhereisidheccanired ebtniiiconrisesa stabdzangitauit seupgled between
the power rce and the controller upit., 15, The system as clajmed in.claim 13, wherein the power
Soutce prosge T e S ey Berb At R ATIRR BhoA e s T syatom
as claimedhi ¥alfi 8ansersnsttEtindastoeobitns fierew onesarfatesfsa-piptliconisdinenay reservoir.

23 be a sign to prevent replication of the bacteria species.

Example embodiments of the present invention may be used in a variety of
applications including, but not limited to, process plants of industries such as the
pesticide manufacturing sectors, hotels, image processing factories, hospital and

shopping malis.

Figure 6 shows a flow chart 600 illustrating & method of water treatment using an
electromagnetic field in the example embodiment. At step 602, the water is subjected to
the electromagnetic field generated utilising an inductor coil. At step 604, a
frequency of a driving signal for the inductor coil is varied such that the generated

electromagnetic field has a varying frequency.

it will be appreciated by a person skilled in the art that numerous variations
and/or modifications may be made to the present invention as shown in the specific
embodiments without departing from the spirit or scope of the invention as broadly
described. The present embodiments are, therefore, to be considered in all respects to

be illustrative and not restrictive.



17. The system as claimed in claim 16, wherein the inductor coil is busied such that the pipe,
container or reservoir is located substantially inside the coil or adjacent the coil 18. The system as
claimed in claim 6, wherein the inductor coil is fornte8l on a separate carrier structure for disposal
adjacent a pipe, container or reservoir. Method And Device For Water Treatment Using An
ElectromaghdtiiSield ABSTRACT A method and a device for treating water using an
electromagnetic field. The method comprising the steps of subjecting the water to the electromagnetic
field generated utilising an inductor coil; and varying a frequency of a driving signal for the inductor coil

such that the gendtafBBtBREE TR EgAMNE MERIRassangaffing REpERENEiG feld, the method
comprising:

subjecting the water io the electomagnetic field generated utilising an

inductor coil; and
varying & frequency of a driving signal for the inductor coil such that the

generated electromagnetic field has a varying frequency, wherein the frequency is

varied over a range between about 100kHz and about 500kHz.

2. The method as claimed in claim 1, wherein the frequency of the driving signal
for the inductor coll is varied such that two or more treatment effects are electio-

magnetically induced in the water.

3. The method as claimed in claim 2, wherein at least one of the two or more

treatment effects relate fo one or more of a group consisting of controlling scale
formation, controliing bacteria growth, and forming magnetite to prevent corrosion.

4. The method as claimed in claim 2, wherein the electromagnetic field has a

varying polarity.

5. The method as claimed in claim 1, further comprising

simultaneously applying one or more existing treatment technigues fo the water.

8. A system for treating water‘using an electromagnetic field, the system
comprising:
an inductor coil for subjecting the water to the electromagnetic field;

a driver unit coupled to the inducior coil: and
a conftroller unit coupled to the driver unit for varying a frequency of a driving

signal generated by the driver unit such that the generated electromagnetic field has

a varying frequency, wherein the frequency is between about 100kHz and about
500kHz.
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7. The system as claimed in claim 6, wherein the inductor coil has an
electromagnetic fisld with varying frequency such that two or mors treatrnent effects

are electro-magnetically induced in the water.

8. The system as claimed in claim 6, wherein the inductor coil has

electromagnetic field with varying polarity.

9. The systermn as claimed in claim 6, further comprising means
of achieving two or more treatment effects, al least one of the two or more treatment
effects relating to one or more of a group consisting of controlling scale formation,

controlling bacteria growth, and forming magnetite to prevent corrosion.

10. The system as ciaimed in claim 8, wherein the controiler

unit comprises a programmabile Integrated Cirouit (1C).

11. The system as claimed in claim 6, wherein the driver unit

comprises a bridge-type circuit and two half-bridge actuator ICs.

12. The system as claimed in claim 11, wherein the bridge-type circuit of the

driver unit comprises a plurality of Metal Oxide Semiconductor Field Effect Transistors

(MOSFETs).

13. The system as claimed in claim 8, further comprising a

power source for providing supply voltages fo components of the device.

14. The system as claimed claim 13, wherein the controller unit comprises a

stabilizer circuit coupied between the power source and the confrolier unit.

15. The system as claimed in claim 13, wherein the power source

provides an input signal to the driver unit for generation of the driving signal.

16. The system as claimed in claim 6, wherein the inductor

coil is formed on a surface of a pipe, container or reservoir.
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17. The systemn as claimed in claim 16, wherein the inductor coil is

formed such that the pipe, container or reservoir is located substantially inside the

coil or adjacent the coil

18. The system as claimed in claim 6, wherein the inductor
coil is formed on a separate carrier structure for disposal adjacent a bipe,

container or reservoir,



