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
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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.

436575 A B B LA P LB R H TS BRSNS o BT amagnas with
electric coils positioned at right angles to the conduit
Therefore, water treatment is essential for controlling fouling, corrosion and
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



3 on which they are mounted. However, mechanical failure in these devices could cause the cores of
the electromagnets to stop rotating. 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

human heallicn in)(BRY ASsnalpolasRol ks LR AT BiehPANELCONRROR glectiolydraulic

shock treatment utilising the physical and eléctrochemical effects of the elecirostatic d'to disperse
bacteria SfAEaiSblRiEle e ReUEH: thalwPreiai#ming together. However, bacterial counts cannot

be controlled. Also, the only means to heIp prevent corrosmn |n such treatments is through the control

of biofouling angl nat.dir rr05|on i r the stln water treatment
methods are tyrg]c %l% gts%éﬁg %’é%%ve & COHANT parf" cuﬁgtr g#%%?eﬁw Q?T AT % r‘f%fe%’ tf4t when one
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cooling tower re js therefore a need for providing an alternative treatment method and
system W ?93%%33@33@ oPidfe %ﬁh%%‘%@*d%mﬁ%&é iRt HedcBsrdance with a

first aspé&etoftny.present invention, there is provided a

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 meens 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



method for treating water using an electromagnetic field, the method comprising: subjecting the water
to the electromagnetic field generated utilising an 4 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 wager. 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

isti i rmation, controlling bacteria growth, and forming magnetite to prevent
28?;':;(';:}&%8&&%‘?%%“!n&ﬁﬁc%ﬁ)fﬁ’aéng P GNP BPS Wi sggna! ?ér the 'Mductar e such P
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 signa! for the inductor coil may be varied such

that two or more freatment 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 method may further comprise simultaneously applying one or more existing treatment 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 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 electromagneti¢ field has a varying frequency, wherein the
frequency is between about 100kHz and about 500kHz. The inductor coil may have an
electromagnetic field with varying frequency such that two or more treatment effects are
electro-magnetically induced in the water. The inductor coil may have electromagnetic field with
varying polarity.The driversystiénmmapydurtheseomprisdgedams afachiexing twe ohatoreiti@atment
effects, ajdaastpne-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 bridge-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 driver unit may comprise a bridge-type circuit and two half-bridge actuator ICs. The
bridge-type circuit of the driver 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 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 colil is formed such that the pipe, container or reservoir

is located substantighyanside the esnadicalipgranm afepdnstaliationimmuief aoatefdramaent a
separate caedrestustiigre=focidisnogad adjaearisa Bipgn COMABE! QHresanihi BRIk DRIGRIPTION
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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



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 waves in an example embodiment of the present invention.
Figures 2a to 2d show four different variations of ag electromagnetic inductor coil in an example
embodiment of the present invention. Figure 3 is a schematic circuit diagram of the electrical
implementation of the device accordin%}éo an example embodiment of the present invention.

Figure 4 isSeCFEMPENIIIRFOE e &S PG @ lseaRAMAIBIEh7 Mo Hewas tevitesal@brmg to an

example embedinenriaf tyeophedeaiiaeenton. by nafigurgob,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 e%aﬁm@ig%mimwater 0 be freated may not have to flow through the

electromagnetic inductor coil 106 in different embodiments. Similarly, the pipe 104 may
not have to be placed in the electromagnetic inductor coil 106. Rather, it will be
appreciated that the water can be treated as long as the water is within the 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.



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 comprises
a descaler unit 102, a pipe 104 and an electromagnetic inductor coil 106. The descaler unit 102 is
coupled to 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 106. 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 electromagretixintpietosrapidfemwherk it dlpwsitmonghineipigeran b ibusothigighthe 7
electroma G i1 106. The tfreated water that flows through the pipe 104 may be
recirculated yl—%tJ E?lé\jlla?r:gj g%s%ﬁﬁ%’Fe@ygﬁﬁﬁrgvﬁ%%gs S%OWE?S"PI te rt%ﬁt tﬁbgﬁ 8 58 ed may
not have td fRoRHRRSHGh die Eleictiornag rieth wriinstod.ceit 206 e ditierert, énabodimemts. Bimilarly, the

pipe 104 majamé bryesteheplaged: i thaelectromagnetic inductor coil 106. Rather, it will be
appreciated that the water can be treated as long as the water is within the influence of the

electromagnetic field generated by a treatment element according to an example embodiment. In
other words, the §ttape ¢ thiecinsatm e edimntis nof limitedi¢atacdil wplmdanetod amige The

reatment elepent Can-aiMerPrTRg 3aeRAIncanRINE AN Leplated adRpeR) Ine pipes.
embodiments. The tr g
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embodim ﬁe;gggrté%t%}%néﬁ% 00a, ,200b, 200c and,200d are placed on separate carrier
structures 202a, 202b, 202c andg(g%? Fésap\é@f%la\/%? ?Wf%ycg?r?féf'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 pifies, weanriginers agdsigsav@iredm Sxampif RRBRAINGBE nower supply (not

shown) which is connected fo the main power source (not shown). The voltage V.
may be set at a value ranging from above 36 to 48V in the example embodiment. The
voltage stabilizing unit 302 converts the voltage V. to a stable 5V direct voltage in order
to provide a stable working power supply to the control unit 304 in the example
embodiment.

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



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 to 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 elect?omagnetic 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
requiremerf#soUBd. The|s3pacéeEnipicaathbddairepeninrsipib davedorivintingrtie o dotromitgeetic
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different shaapes such as rourﬁd re tangglar,ﬁ&%uare triangle or any other suitable shaﬁﬁe to suit
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electromagnetic wave generator 306 and an electromagnetic inductor coil 308. Both the voltage
stabilizing unit 302 and the electromagnetic wave generator 306 are connected to a voltage supply of
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and a dioderggrammable chip U3,

Output signals A, B and C are coupled to the electromagnetic wave generator
unit 306 (Figure 3) from the GPO, GP1 and GP2 ports of the programmable chip U3 via
in-fine resistors R10, RY, and R8 respectively. The programmable chip U3 of the control
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



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
between 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 the example embodiment,
capacitors C12 and C8 are capacitors having a defined polarity. The positive and negative poles of the
diode D1 are connected to the V"t port and the Vh port of the voltage stabilizer 05 respectively.

The control unit 304 comprises a programmable chip U3, resistors R8, R9, R10 and R11, and
capacitors €8tadtiret i thieteiacoplsleenb aeingMtpdine programmghieehind bhissaisrechip
Technology, Ipg, gg%ﬁg@%ﬁﬂ%&;?e Vdd port 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 GP5 port of the programmable chip
U3 and ground. Theeamesitond isgrnreaied heysen the s@%,p&%&&mﬁ%%%wplsmp us
and ground,-The '}%SiSt?fa@%}}(ﬂ)ﬁﬁon%‘?Cted beg/v.een the Vdd port and the MCLRRE%Q of the
programma%e chip U% - QUIR U SR AEA B A PR £ boliple¥Elo Ris @R tagHBt Ulave
generator 8Afl 886 (Fiefire Spéretinthe GPO, GP1 and GP2 ports of the programmable chip U3 via
in-line resistors R10, R9, and R8 respectively. The programmable chip U3 of the control unit 304 is

programmed to cantrol the output signals A, B, and C. The output signals A, B and C are digital
signals. The outp%%ié"ﬁ%a,&”mgg AidRexhkty GoMest: 18 éﬁ&%ﬁi‘? i thansk&pkd Emteliment.

When the puptansigaze Alig highs theuplepid MgERBrwitt bedevcand wieesvensse Basfigauency of the
output sigrey, In.signal B a the programmable chip U3. The output
signals A andgg?ﬁ%t?ﬁlﬁ%éﬁn%%? tgr@\ f?fgb%ﬁé%éqﬁﬂﬁ%&iﬁsﬁ%% i#t%%%%%éﬁ%é%@i&?cnir?éﬁ%?or coil 308
(Figure 3) PiHEXOERR'SigHRI Eézié%é‘f.ﬁ\ﬁ*%fé% MOBFE 3 wivile treapeivatiopsiatignvbtiputievice,
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A, B and C received at ports A, B, and C
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1094. Porh4 igsaisialediéndiie doipherinh e sierpeabie CupHR-aBfk RRIb B iscRpigeEte &ie "in" port
of programmable chip U2 in the example
MOSFETs Q1, Q2, Q3 and Q4 are arranged in a bridge type circuit between the
Ve line and ground. When the MOSFETs Q1 and Q3 are active, V. 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, Vo 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.



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 MOSFETs 03 and 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 MOSEET 03, while no activation signal is output from the LO port of programmable chip
U2 to MOSFET OE*FR@IE0RTEPSIGHAIS Wilthe RigstHelR tRatESNIFS SiGARIDASS fifgh fellowistribed
‘above, andeanuactivaicnisignadds output 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. MOSFETs 01, 02, 03 and 04 are arranged in a bridge type circuit between the V"
line and ground. WiERRIEeIMOSITETY D andoRale tictivepytivsatpptied aertss the@lecttemagnetic

inductor caiB0eheliermengdqneids iant 20geWithapaiirPZiranngried ko asoundiSimilarly,

when the rgSuFETS 02 and 04 are actjve, V" is gfplied across, the electromagnetic inductor coil 308
between e.g. PoiNte 5 Sn%fsfaﬁ?ﬁn%ﬁ‘%oih? 5H6LoNAEERE 5 5iTull aTRYE AR MERIBRLdRetic field
of varying ptrtagtgdsvgénearateponjotimdiindogtartcod. 30Bewitkquirec eacyeaf thersleeirampagretic field

controlled yothgActivalian sigoals: 9dbeMBSERRS QR0 Laredon-4e0talsignals

and B
received frec;%u the control unit 304 Figurng. The electromagnetic wave generator ?%@Eurther
comprisesan-ifidieal8i ¥ra&se FREJREGES RS TP ILE B diodes D5 and D6 in the example
embodiment. The indicator circuit turns on a light emitting diode LED1 as an indication the the

electromagnetic waye, enerator. 300 I ating. A filter circuit comprising.capacitor C5, C13,
C14 is coupled to the \g line and s%otfgf ﬁ?c%téé?gteﬁtﬁig%epggnﬁt@rasy Iénfo aor{gg@ Zerg ?ﬁ‘isrﬁ%gér %)rovided in

the exampi@¥éinBudirieneroblems. ir,eidasldoepitsalintndesirask watee Manvernioafieely, chmprise the
following feageresanttaevaiagesgram 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 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



Example embodiments may be able to proportionate the treatment accurately between different
frequency values or ranges over a given time period. For example, the frequency value or range with
the most desirable effect in a given environment is allocated with a proportionally longer time. Other
frequency ranges or values may be allocated time in order of desirability of the associated effects. This
can ensure high efficiency, minimize side effects aq% reduce power consumption. Example
embodiments of the present invention may be more Tlexible and able to solve multiple problems. In
order to obtain the desired water treatment effects, the important factor is the program set in the

programm&fPé BEHIIS heUEGHirsp LRI 84A Thid Adpehasuarie eaibpditRoseth patssireth a

detailed knawiedgesf thevnikiebgerbihmgleciramansetic wanrs:ofcifiarent rguraGY FaRges on
water treatgg?tgj? Exa(mgtle gm'bodiments of the present invention address a number of problems
1 :

. in the i qr g . . .
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 onagingle prrRiams Hhe progrrMRRIT AP J/30ltheexample smbosimsts may be

programmegth% produce, varigus suitable ran%es of frequency to suit the treatment requirements.

Taking water treRtRient SHESERRG (R L8 ARsA IR e UskrtioreseisienBy Brsp RirRiamay Hd to be
solved. Effeasidebersiohifvedtinchudelpreéxentiod tf growtindfidgar mndibactenisrerefmaakof existing

scale and prayentan ot fiwthelseale-faimation.fagmation 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 exampigyjénefiectireaieisiovahofmigas: angdagale daposiispnayreeswtiadhergrowth of
bacteria. 12.root current val f2 Ato 5 A in the ex le emhodiment, The desired
current ma é%%gﬁig%ﬁgg%%ﬁg%hérg%ﬁgn%irgrefgt(l) %% ?nbd)déeté? c?ig]ﬁpaeﬁ‘a "He"nt %%C?’%]F{‘Jms in the
inductor cbiP’ €XaMRifH Hie dppreEvnaadesepersen wateda tiewattingt alese ginyle mabddiments of

the presentitAieBlieR RO mbimitedipikaiwsed fonss vingawbinle Prakienass The example
embodiments can also be used to solve individual problems more effectively compared to existing

water treatment methods. Example embodiments of the present invention may adopt different
frequency rangedf@nsemvineninditiddddpfaterasmegtione diab ovmirethef exaniptect xcdiment. For
example, firKesOMEBBERM IRANCRRKIFAICOSIPERYENLIRY Aloas S faaydeithin kHz to 30
kHz and the required current may range from 0.1 A'to 10 A.

water disinfection and kiling 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.



In an environment which favours the growth of a number of species of bacteria, such as the cooling
water within the cooling towers, the preferred frequency range for water disinfection 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 thé?frequency range of each species has yet to been
discovered. Comparing the use of single frequency ranges with the example embodiments, the
example embodin&ats may e maressuive dferofitiitriaal ool ltyhapstibattis taving whpedbeariety of

bacteria. The:exampie-eniRedingnis iRy netHAYELANSS SRR RIS A IS RSIAtRT S, 19duQVide
different frgc!?ljeéwc ranges to target the many forms of bacteria. Further, example embodiments of
URRHBT TRy

the presen AT FRI R CBGsRRY T ShIDRAIESHHIY AERAR L Sio EbE Bontrolled
by a low alixalinitygprograrncdl onetritimaybatserbeguostiitatitecanickimpraetic &iitiodnbreasaternperatures

100 high WM £18- RAUREIENETSBYBY Il P iPaaeifiRg e, RSP asisa sy thouah

sufficiently high heat can destroy them by sterilization. ere may be no need for use o

chemicals 65BHRRE tadrerpiebrirIsishwhe e ilmpielsth Boatrtients arewiisdc dmparggiwith using
biocides wihichetengrtopraducadinpiderresisiaahsirmnsdexampierembodmeni o ofHbe aresant
invention Q the prelimipary. level of controlling bacteria,growth rather than merely, killing
bacteria, Tcﬁ{egﬁgxégmgféegn%%n mgn@e{rﬁbé(y%@ eﬁg(cgti$#é€ignnr}]eéﬁﬁ?ai%ging{eigw(%\clglsfﬁ%a%feaﬁqag iceount,
which may B ecinstea st eaise wies s by eb ofuskraciropils Wufipheerentsconvensatietia growth,

the exampiesambedimants Bay-desirayceiain fngingsef hebasterasuehastigirgeneral
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 disabling the
bacteria means td sstafieifs! frequéfhg preferreayfieqwinicy rahigeonziCtd-wittninhe ki ati@00 kHz for

the formatign-pidnagretie anthe suEaces AalpelRnadenMigenatiads usefvlin Brevaning

corrosion. For example, if magnetite is formed on the internal surfaces of cooling water pipes, it will be
effective ifPFEIERtING CEBBISR dhiReRkTaI"SIRaL &8 drenbipipak surfacgy By tRe Wetfiency
range of 3pighds td 2O0kHfeexistingpievianisgrthiosibe walies Supplyi ysiecas camdeigeadually 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 other

~ applications that Réé s prevEraurtaccenagl &lichkbadn 280 fsiorexidngtiedanisswikiedhals of hulls
and coolingatewerpaes iRess can Pellgadanty ran@e<f 100 kA 204t zomaiBe uagdhto gradually

increase the pH of the.treated water assuming there are no external factors.involved. This can be
oo to R L 8y A B e e e e R T P B S et
treatment/atepsof bﬁ@ﬁé@ﬁinghﬁﬁt@_g@uallytmcfﬂésemam@a‘wﬁ‘[err leaboied rwretiagkaline. This
helps 0 PERYRBAEHEORIGN SEukisPEREfSiRldR thECARNRGW AR RY S Bishore sea structures,

externais of hulls and cooling tower water pipes.

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 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 14 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 incréases and super saturation of molecules can only
be reached at a higher concentration. Further, example embodiments of the present invention
may allow &ehiryedniivlze vdaraehighthardnedinde velsvddospitdetheniviverdes sohulsiity by daitgiem

hardness alriglferspesatures: MRNYANeHLAS inlediRAddress tbaBl ie examplg soubodiments

may be capable of dealing with the associated problems of scaling, even at boiling temperatures.
Special ch %ﬂ%‘g?soéhgéecé“?n SRRV b din{BRt WRBROBS TR IRESWARE: BrrAireHERIMR Y. The
example embledinzentsrmoaly be addertedatfectitirenwanpartiel@siform structures at high temperatures.
Soft powdery scale forms can still be obtained instead of hard precipitates when temperatures fall out

of the typical tempgrairresiangss BnssahiibiFor gxamalennaharbacals s ahyevad whepcooling

tower conditions were modelled after example embodiments of the present invention. No further
additional fititfeTit ¥80red TETHEYE' o BesBlRI SepHrER 2Rk HHE R LSHY e BkaRTSe Arftisbidiments.
This may peevertogesrnerogSrsiibhdasfaildtophizatiensothalnad igtosvtinypibiembrelissetidy rasults of
additional BytrieLBRLIGESEURNLAS PROBRNAIES URCJNFBSIRE! ealBRM majbeds ok gpigosion
prevention. If there are no sources of residual nutrients or other nutrient sources from the ervironment
that result {HERFEHVIFShment favourable for the microflora growth, the example embodiments may be
able to kill algae and further prevent its growth under controlled conditions. Example

embodiments of e prgseptipyention may,be gesigned to.be used alonc o1 combined wih other
methods in the example émbodiment. The example embodiments may allow complementary use of

other devi€estnsureiérasshahei syarednrenbediowstisroer kmiie, topfectdihe sitvemeldictesdes for

electro-chesricakiRairment qaprbRrRe0ahebifhalSYaIBRe RITReUMERoEBERLACteria
and algae.contrql. Furtger, example embaodiments may also be used together with filtering systems
designed 1815 0L S RURRIRLP T AD SP SIREET HIGR TBUERR daP iR S RERRAL S EFIRER r certain

environmdntaitabiitiitibnse Tdaedtanddrardresthiedsodbserved when cooling tower conditions were
modelled after example embodiments of the present invention.

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



15 cathodic protection, which is incompatible with most chemical treatment methods, may be further
enhanced in its effects with the compatible use of the example embodiments. Example embodiments
of the present invention may allow total elimination of use of chemicals which is environmental 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 devices. The conditions include but%re not limited to the temperature of operation,
especially water temperature, the amount of hardness detected in the water, the flow of the water
through theéaietierossiddienpiiithie waterpaiidperitfichet exemplel érodinienthods hewe added

advantagescovehBiieALnaiar ¥ eaRepldsvices compE@niyRicahNAICE Eeatment d6¥ices that uses

magnetic fields, the required field strength may be obtained by a flow large enough to cause
movements 51 i61Ts %ﬁ%‘ﬁ"ﬁ%&soﬂmfoﬁéﬁ%} IVEBHRLY Er 2% IR dobah SOTRRING 6f tRepPbsent
invention rmiggrmotineediitd mairtair@ménitiuiidlaily and rrayavenkyelbwith statigsiuidibadies. In fact,
the Iongerggﬁﬁgmpn time of the water, the greater the effect of the electromagnetic field subjected
to the water. 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 facilitesiferedunediownbetaideyisemapiieayira et Synehingatione fhaigsmay be
better and ise control of the devices. roper synchronization may result in a counteractive
result on tﬁrg e ?c%%%%%%ﬁﬁ%ﬂ?e\féﬂs lSeér%)éjt © a#gé)x%ﬁg')ée% %nlr%é:}?ﬁé/ BF rf?]htﬁzW %f%rstgﬁ??w tion may
be suitabléi¥icase Withieradiinge bidldenitiag, aeludihgraififstdnt bebisrsrearatuwittih apsaafierfacility

which avoigiptenesditn use iftereat Heaimantmemedsdssanasystem g aXrmRlesmbpdiments

may e.g. be usec Jprtthe v?éri us gur oses of the c#%ler condenser and boiler in a system at the same
time. 16 Therd fdy RSP fE&s WEFRt el R At g MRlse diisBaRHENE &R B le to
handle a Higthedeoemiertratiba\ef alissolvellstldss maultingca watecteasmefiopeiational costs. Further,
there is little or no organic and chemicals discharged with the water and no additional costs will be

incurred to treat the effluent before it is discharged into e.g. a sewerage system.
or typical water treatment devices that uses magnetic fields, the required field

strength may be obtained by a flow large enough to cause movements of ions through
the or_thogonai fields. However, example embodiments of the present invention may not
need to maintain a minimum flow and may work well with static fluid bodies. In fact, the
longer the retention time of the water, the greater the effect of the electromagnetic field
subjected to the water.

Exampie 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, 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.



Further, example embodiments of the present invention may be capable of allowing scale control for
water with a high value of Langelier Saturation Index (LSI), which is an indication of the tendency of
the water to form scale. Example embodiments of the present invention may allow total
elimination of use of chemicals. Chemical costs are high and special additives needed with their use
further increase costs. The manual dosage may alsg result in increased labour costs. It is almost
impossible to place too great a dosage at one time Yecause the limits may be exceeded and the
effects may not be optimal. Biocides such as bromine and chlorine have to be added in some existing
water treatmiiti¢ deR)ceso Prdsasdrecianh il emheaerparivsaniiecevdndinesdchemibalsdevdporate very

quickly anchhiayie tognaddestesginsiyof disdexamplaiembedimenta of dae-presestdnyentionmay not
require the el%ctré)n@gn%ﬁg inductor coil to be in direct contact with the water. The example
W a5y

embodimeRts il Leaitatioh WHRARAR U SREIEEE Esdis hargecryil Higkaldraaded
effects, it maysrditibeaheceissaily te increasddhesizéotttieede vidoref ibiadilesepaibadimentsaof the
present in\é%mg}ggygpgg!ig‘nally. 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 enpugh for large-scale installations. For the example
embodiments, thé SORTHIrRHBIR SBRPLAEIIS A MHEGHERE Rl YRR AR ANBSnARRFRE O the.
resulting fieldwingresiehetrtitel dos \maithevits ree &b for Hug estizenyeigmetata glenmetathigismagnetic
field strengths:ner aniglRctisa S uRPhIR A BPIHISER PRYSHgEPgIAte @ large electric field to achieve
a similar field strength. In comparison, the example embodiments may save space and may be more
convenient to install. 1 An.example embodiment of the present invention was tested in boilers
for controlling scat&® AP i&WF&%W%P@&%BFﬁ?&QI@WHWﬁ@YJﬂgﬁmtﬁéﬁmﬁﬁﬁgﬁ SUbKantially,
was not fotindremieihigGtemipetatusts sandabied. Matemearizit additobseneeddtalvity ergiof white
powdery opmiiag e (arearit o iRl uaces,of e LhRs SR e bollsta ete.opened for
I the flushing of the

inspection, The layers of coatings were immediately easily removed wit oiler

tubes. Thi FEWRA tREPHPSASIRGHE WasrRarIaAt NG HBeHeesmtbadaniiiduas bequired for
hard scalesxeswicl audhias digbipraasuie:ebvpshiag, Siowiing on washingimath s engasids. At the
same tim iron le rop from 6.30ppm tq 1.19 nd then.to 0.03ppm and were then
consistenet}PyJ br:%a{létg%e% [I%(?e%s %ﬁ*ﬂﬁ c?’ﬂi%” Q\%ter &ﬁ%ﬁ'ﬂgggér\ﬁ%?g 'e%nq:?g ir%re%n Sf%%l par%(gent
invention ®4CREited Mpsaresutinsstiphetydnighastnpeisientripdchivwasd deviartreigedddekeep the
hardness jeyalz6,100ppm 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 bExamipitained@dirde0isprofcainsistprebeainditivasidecreasingritie blegdoff tate.
Another e in the:present invapi sted.far.co in ' bacteria.
The acceé%@%%%?%ﬁ?g Eg)%;sar%fg%j rg% n@eg @g%‘eé!é%ﬁ%}/ﬁ%r r?é' %x%h%lilé %ﬁ%éc%%nﬂﬁ? keeps the
level of bETRFSINERIS Biavseasyiaslalrin. whishdvahsr Cegisasha thfScted is 1 cfu/ml in most

instances. There are also cases whereby the reports of third parties showed that Legionella was not
e aaiaion SN sl AT e I TR e TR S
is 260 cfufigyice of example embodiments of the present invention proportionaily. 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.



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
treatment. There were also clear differences in the coating formed on walls in a cooling tower
environment, with the 18 example embodiment for Water treatment resulting in cleaner walls
compared with chemical treatment which still resulted in thick layers of algae. Another example
embodiment of thépresanplaventicniwasttestdtefarreserdsionegdintrolv@ontsdéof icobragion &an be

analysed Usingr i Je Yels-Of AORIPNISYBISFREXAMPIE. BE WARfEGHIAMY MmADEINGd At lavels 7.0 to

9.0 fora coplin? tower environment. This helped in preventing corrosion as corrosion can be worsened
by high acithtyStEERYESRPrRSTBrEDSHIEB D SrRaRURFESATSoN tesiay hieEsHaRMRA for the
pH and thetlirgridewelstuting testingrottheiexamp cembpdiment.iReriedisinspactonssweapesarried
out to obserye the candition t i er steam, drums with_regards to corrosion control
and the prevention (;%Bsg(%g?ev%ﬁéha |8ﬂ$§e{oy\@r%gt%%egrggm?ﬁ%Isea)éer%%gdi(r:ﬁgﬁ?%ﬁ eer%r{?én%%%ﬁ\?ré{ntion was

tested for RO IRIGAYREIEHER Jhevitvshing cbifssioniieT yiasiy! s cotmigtisivdearlofsatthe
bottom of theeslingrtwverdraynatbbesspas eerrituddieisdur: RibeareatiaresiLrtcarrasion

products in the water, which made it murky. An iron level of 38ppm wa sured and the reddish
brown col:)thlj?ﬁfo {ﬁgsil"\}ra% 7 n‘%"&éﬁ be ’asrcégibﬁy'lﬁ ﬁf&aégwgéﬁ Isei%{%@ Wgsgg%ﬁgﬁ%?om%@?equired
the pipes tb%ke iR¥slacewssuénny G rpsetiods! Rukagengrobtents. DAAngestidgiaithéherample

embodimenéiRix&an)ingiRWRES BY kRMeM oliedpvrky 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/Amiiedimeatipfdherpredemtrihveintion wastasted-fotisalviig aeisabar ofifeeoblems in

poth bollers: anckeRRTASHAN RIWBIRIRIRI® YIIRY e SAMRdagk Sy REleia s Teaultf the pH

monitoring showed consistent readigg; of average 8 to 10. The total ved solids were maintained

at high levefOBPTOGOPENE WHIRN R trdrisatieveiirdmrlisidnaidhonpgmurndirnakls 28 litte
corrosion. dxsstheotheiidiaadeinshges!ehioysebery kO BOEBAE sYIUNE [BkogimentMaisdained
similar reagj veraged at an estimated level of 8, which.indicated that the waters were not
acidic anﬁﬁ%ﬁ%@%fﬁﬁ?@n@ﬁ%n{gf 16/ éeeagﬁ%%fﬁﬁsﬁtsﬂ?@%a?ﬁ%'ﬂ%%,e{H Qt%'faﬁafs%%fved solids
levels indieAt¥theatofiab disrdeedraatis ot tolmt el oidaintid v Prrsasebistanthiecd ding towers
were still insaposkppRetatipgc@vditigas. Periodic readings of iron levels of less than 0.1ppm showed
that there was no significant 19

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/mi.

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



corrosion occurring. The total bacteria count was also kept at average levels of 1000 cfu/ml and the
highest level was 3300 cfu/ml. This indicates that the example embodiment may solve multiple
problems in e.g. a cooling tower environment. Another example embodiment of the present
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 the
frequency range of 150kHz to 385kHz. In addition, e use of the frequency range of 4.7kHz to 145kHz
showed that the example embodiment was capable of decreasing the growth rate of the bacteria.
There is orfifg% intrezdBaibivterideolireimeriteetitnadibyclharexanple eaborietemitas

compared ithick2linsreasernwatan ireaigdink oiberwatar eatment 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 method&nFheparasptagentedirase vidsavposfeld; B0 iusteas dESBU%Tor coAnmptiner

example egbadimentabing Bresan invantien wasdesteditn Shewhat the dserease i the:pacteria

count was much accelerated with the use of the example embodiment. A ten-fold decrease in the

bacteria coUA Y tPELIIRHBYHRE e XxBAINRINSGAbBHIREREWAS olfsehEdOE.§. 590499 dEWEhse
instead of #reritoBftedectaasksifde innireatathyatercaonpie tavasied gsavikd whlkaetefiBy Waich
remained igh 1] | sing: t X | iment. had |ower levels
o bactoria e e O e P e

show that tHe fRé yﬂ'ﬂﬁn'@e%’bfiwﬁz 1BoKigstng s Usétgl BFEbRFolmyPlitena JielrticThe same

trend of aceelsseieddgereasarindacteriagRuniavas aseiess DheHeudingbastedaceaahwas also

maintained,at a Ie\{gl teen-f$I lower. Under t?ﬁe%%servati%n of ca%r%g?%rglﬁ?ctron microscope, the

bacteria pgﬁﬂﬁ%ign RS EES %gﬁ‘ﬁﬁ?&?gﬁgn 5% Aiferences MIREIrms 584 structure as they

undergo treatment over time. Curling flagella and increased clumping of bacteria cells were 20

observed. This infiIRA% paswif ssdoerrEbRtySr BresBabiBYRIBENS ARSIt jop eVl

|oc?m?ti%bﬁdtbir# r@@m%tsmdca&amﬁnfgfyaiéﬁi@mﬁ,d\fg%d@_ﬁr@aéﬁwd@éﬂ%n@mw\dm@gd ;
multiply. Othef. effects observe ere the mutation,Qf pacteria species after the water was, subjected to
e | B8 st ST o G Dren

3% Bﬁlgﬁonﬁﬁgngﬁ crsc?seﬁb(ﬁ%%ﬁﬁg %i&ﬁet% pﬂ”é‘%ﬁi r%pﬁggﬂaﬁ’%f the

treatment an
bacteria spgeiissts 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



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 malls. Figure 6 shows a flow chart 600 illustrating a
method of water tréatment using an electromagnetic field in the example embodiment. At step 602, the
water is subjected to the electromagnetic field gener ted 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 &RHTST PRORAAEEHERS ifayoldl RrstRsith ¢REbreaa miasEaBbAtaa SRAISaIseos fdific

embodimeots/mwithaut deparing:fonadbe spisit sameopeef therrventionias braadideserihad. The
present em%cﬁiment are, therefor nsidered in all r sg cts to be, iIIustra%ive and not
I

ostictive, SILEN A AT o AHG s Y AT B SR AN Tt the method
comprising: subjecting the water to the electromagnetic field generated utilising an inductor coil;
and 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 frequency range of 4.7kHz o 145kHz
showed that the example embodiment was capable 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



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, wherein 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 forming magnetite to prevent corrosion. 4. The method as claimed in claim 2, wherein the

electromadine6e/Beld hissTarigs mBgssiaktpss ofme biibied dhademarie icraia L MR tR@VEBMprising
simultaneatislyppiytihg witeromeorsiexistingriteatnentrieshnishies tadbe eaigr thdr Anaygtem for

treating W@S&%@%@%EW&?Q 6}%&0 g%gcfég lo stgrgvéc’g S\’f%%pe} 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 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.



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 thatthe generated electromagnetic field has a varying
frequency, Whereln the frequency is between about 100kHz and about 500kHz. 22 7. The system as

claimed inteladd@# & wherein the inductor coil has an electromagnetic field with varying frequency such

that two or more treatment effects are electro-magnetically induced in the water. 8. The system as

claimed in clalm 6, wherein the inductor coil has electromagnetic field with varying polarity.
A method for treating water using an electromagnetic field, 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

S500kHz.



9. The system as claimed in claim 6, further comprising 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.
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 two half-bridge actuator ml&s 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 comprising a power source for
providifg stpplyyasagsstansthporaitsfoMie §evice '”@HWH&%&/@W%S clalmed clalm 13, wherein
the CO@!@&&&#@@M%&?@%W%@%@@M heivesn therpom afieitte controller
unit. 15. The system as claime %én cl |m 3, whgerem the power source provides an mput signal to the

driver @hft fOPENGIAEBRIGRINE The system as claimed in claim 6, wherein the
inductor coil is formed on a surface of a plpe, container or reservoir.

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.



23 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 formed on a separate carrier structure for disposal
adjacent a pipe, container or reservoir. Method And Device For Water Treatment Using An

Electromagnetic Field
23

17. The systemn as claimed in claim 16, wherein the inductor coil is
forrmed such that the pipe, comainer 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,



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 generated
electromagnetic field has a varying frequency. FIG. 6
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Method And Device For Water Treatment Using An Electromagnetic Field
ABSTRACT

A methed and a device for treating water using an electromagnetic field. The
method comprising the steps of subjecting the water to the electromagnetic fisid
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.

FIG. 6



