1 Method And Device For Water Treatnent Using An

El ectromagnetic Field FIELD OF I NVENTI ON The present
invention relates broadly to a nethod and a device
for treating water using an el ectronagnetic field.
BACKGROUND Water quality requirenents are usually
determ ned fromthe usage df the water. \Water can be
broadly cl assified as potabl e and non-pot abl e.

Non- potable water is used maminly for industria

pur pMethod KNdaBeviGa MW dtep dredatee At Usitd A%
itens and raw materials, utilitarian faciliti'es

systens such as cEdJectrg)magﬂEmc bdeldrs and

condensers and donestic purposes in fountains,

sw mm ng pools and honme ponds. Potable water is used

mai nly for water distribution systens in schools,

hospital s and hones. Three main problens are
FIELDJGRtINMENTION water and its usages. They are nanely

fouling, corrosion and bacterial contam nation.

Cenerally, when fouling occurs, layers of scale wll

f ofim p&sant myegtl@‘arélqted droadly ¢s aheathoefl dnd bedesice for treating

| wate\'[lghg%%eeﬁeétp‘?—{l lJleihcq{f'}kﬁressure and i ncreases the

consu as been reported that there is
a 25%increase . of electrical consunption when the
BAC i  ckness is 1/8 inch. The effects of scale
ormation in water heating systens are al so apparent
in homes. Significant cost is incurred for cleaning
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usually by oxidation. It results insubstanti al
materi al breakdown and 2 premature degradation of
s yi$iresmaiiu proiemts arssidentified dort watehenglig! idageof THdyeare namely

fou!in&,r J:&Lo'g;ﬁ:lm and bacterial contamination. Generally, when fouling occurs, layers of
scale will form. Scaling greatly decreases heat efficiency, inéreases 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 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, usuélly.by oxidation. It results in substantial material breakdown and
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materi al becones inferior after corrosion. There w ||
be a direct decrease in strength of the materials,
reduction in thickness and in certain cases, pit
formation. Corrosion also result in serious |eaking
probl ens and mal function of the systens. The third
mai n problemidentified is2bacterial contamni nation.
Di verse species of bacteria can be found in both the
prenfiRird! @lgraiifoh R LR eQHMhEAN RN, - re%dhegtﬁ%'quﬁftg of the orlglnal
anisns are able to affect human heal
mat%%? begomesjafetier affps cpfrerdori Nsre willjbeod diresd; @,qcrefage m strength of

- the rﬁét%ﬁ@l&,'_l_l%duétfon iR tﬂblinta§§ Hhd i eeria‘i’r?eééegyplf‘ﬁg'm‘éﬁ@%orrosmn also

hus, there is need cont r ol acteria

resuly o leakiag @robdezﬁnqoanst ralfunistiomef the aysiemsr om bei ng

af fected. Further, bacteria growh control will help
i n_preventing ot her bacteria induced probl ens.

ThEhefhidenaigpreblem identifieghis bacterial epntpminatipn. Diverse species of
bact&®NE&P bk fhghd ﬁ’xuﬂ)c’)tﬂghe ﬁ%u?ﬁ%ﬁﬁh@%méﬁaéﬁ%hﬁtent These micro-

cont am nati on. here are various water treatne
OrgaRisRIE ¥ aklA do @ﬁ%{;t hiexap deal g sigabadeabue to meorvade diversity of

exlstPlBY%C@éHa and d?fh@tfﬁ %beﬁﬁf?%ﬁeﬁnﬂﬁ?ﬁmsﬁﬂﬁﬁ&e |s a need to

hods are further classified accord

Gontrphewerﬂ%ewfqubya@aé@erqiepttwamehﬁﬂﬂhé’fﬁéwbgmfafteﬁ@d Further,
bacté’r%" droWeh cARHEIRAR ﬁél G pr‘é@érgfngtd'tﬁétbg%ha indhc8EPRbRins.

chem cal treat msn net hods require a great anount of

mai nt enance as periodic dosing needs to be carried

OUheErd, "wAEC %?ﬁ%n@@ S0 tlaP regorﬂmﬂi‘r'lﬁt ufirdy, corrosmn ‘and

effective contro use chem cal s™t hat -ar
bactesigh sentamination Theue af%vmmﬁ@@treﬁmenhwﬁwﬁ @mdttbey may be
dmdé@ﬁﬁéﬁl %magh&c {ﬁ@éﬁittt%atn"i’é}ﬁ P‘Iﬁigﬁgisaﬁﬁéye%th&& are then

t he enV|ronnent magneti c

furthey frpsified @cﬁqdqagévmﬂr tgfé’l!ﬂlcléleﬁ dared P heppauissments of the various

purpdRE M Water leSintbht St rengt h to cause nol ecul ar changes
or solution properties to prevent the bonding of
scal e-formng particles. For exanple, pernanent '
el G B QP RAL MRS soairelF gL AR o EHRAance
as Peﬁtﬂd!ﬂ: daging reqdsde beesadried: etandnp aceureleeansdiconitolied Fmeunts for
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conditions. Use of electromagnetic or water
suspegtedh iorrassesfeareinegenn Rilgetst e@t? pFRsra theeaihq)tf@,enw@rpmrént
438579 di scl oses a device which uses el ectromagnetic -
fields generated by el ectromagnets with electric
c disesofgpagnstio fieldisdrastieghtsugaepted ta prevend scaledoimati®dn by using

magnetic fields strength to cause molecular changes or solution properties to prevent
the bonding of scale-forming particles. For exanﬁple, 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



on which they are nounted. However, mechani cal-
failure in these devices could cause the cores of
the el ectromagnets to stop rotating. In US patent
4865748, el ectromagnetic test signals of varied
frequency are initially directed into a fluid filled
systemat a first | ocation3 A treatnent frequency,
general ly the frequency at which nmaxi mum absor ption

on whichaB&g Bxefountsd ! HeWevee! madrRdichl RMireSHERese devices could cause
bsor?tl on/em ssion profile and treatnent is carried

the cofgs of theselefiramaanetsda siapye@ling.r equency. |rradiation by
UV radi ati on has al so been suggest ed to distort or
E [.fg nucl ei ¢ _ aci d ver, UV radiation was
f ollin na%fe@aﬁ%fiﬁ@So@bé?@@ewsﬁe| fpshpigarlPng YAsiedhtEequency are

imtlalw QirbtBd iRB0a ifitic- Afdd ¥ystet dtad st 10Eé1|o|i‘1u W'?reﬁfﬁﬂ-:lrﬁ hrequency,
i es now make use  of

E echnol o gh
genery gﬁ?r{f?‘ﬁ”cﬁﬁ’%? WhiEl Apeimam ARsOrBILIR @?%?%ﬁihe" selected from

suchUbdortioR@ntidtforD BiTileC ahd aRetndrt Gb rAshRIMbGakt @ucfhegéléctea fixed
; the electrostatic field to disperse bacteria and
reqelay-e particles to prevent them from forning
t oget her However, Dbacterial counts cannot be
controlled. A so, the only neans to hel p prevent
cofpdif gv/ KV caglition hespisabeen iSyogaRtRslithdisig o dRBtrRy nucteic
. acid®) hoWead oV Irét%tmdﬂdwbuﬁﬂ lﬁcﬁ(é:bhéfblg efbifdtlivity bheaking up the biofilm
corrFS|o However e existing water

and i§ castly angiha ﬁ-ﬁ@dywew& cal ly designed to solve a

certain particular problem It should be noted that
é@n gae robl emis not addrg sled properly, it could
| €3Wet iECabelegiep oy BakS ushet Bighshawsy cRapwPPianealpstEqitydraulic

shockebaa’kst afliting ithagegital énd SkctidchemidaPBfedtd 81 the BlECHbSAR: field
and interrel ated problens arise, such

to dispeFse; hagterigRer SCaleIRERIes 0 PrRYPEY HPB T Ecwmgpgether However,

bactdeD&duﬂﬁsﬂ@ar@Bt Bé CEAtRNbY VRS, rtﬁé‘bﬁ?ﬂheéf%t tﬁ%irﬁﬁl‘évelﬁy&%%n in
may. a@gg ess one or nore of the above

such (ealitotiny 5 gBLCUGB ARSI 1B o Ao dieqty dealing with

corrodipA@sélr. of the present invention, there is provided a-
met hod for treating water using an el ectronmagnetic
field, the nethod conprising the steps of.

S UHGvRSLH, e bRstingpwater treathieft MleBfdds AREGPRilIF dbdighed to solve a
certa e;?a?‘tr:c%ﬁaerdprgg}erlnl ici sﬂ%uld be4noted 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 interrelated 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 the
steps of: subjecting the water to the electromagnetic field generated utilising an



i nductor coil; and varying a frequency of a driving
signal for the inductor coil such that the generated
el ectromagnetic field has a varying frequency. The
frequency of the driving signal for the inductor coil
may be varied such that two or nore treatnent
effects are el ectro-nagneti4dal ly induced in the

wat er. The electronagnetlc field may have a varying

mdu@ﬁir%ilté(nd VRGidgR fr‘éﬁu@ﬁ’éﬁof hephRNigedifiscine lﬂﬁ%ﬁctor coil such

relate to oné or nore of group  consisting o
that @%@?f@r@ﬁeﬁ!@%@n@gﬂﬁw%ﬁ@lﬂa@s aGHYIneIMenHg"®act er i a
growth, and forming magnetite to prevent corrosion.
The met hod may further conprise sinultaneously
apph§ifiegueney %frthﬁd%*'flé""geﬁfi-‘!@?'l tog the dugiencol mavnbeiyaded such
that tWo bhﬁlo\/@ir&ﬁtmem BIfEELE AHE BeXetrb S By IR RS g\’iﬁ% water.
kHz and 500 kHz. I n accordance wth a“second aspect
of the present invention, there is provided a system
f orhé é%ﬁrbﬁﬂgﬁ@ﬁ@ﬁel&‘ﬁid}%ét% LISigYmmeRetic field,
the system conprising:” an inducCtor coil for
subjecting the water to the electromagnetic field; a

- dr TN hwd Nrt me RUBLSEnd diftd WFéHteCtQ'éne QP%&e of a group -
controller unit coupled to the driver unit

Con%ﬂn?. Hocaptioflisgusnls fermationy icontiglling basieria le@WH’t e¥ndhjorming

magh&fte @ pNEnUdrfosigich that the generated
el ectromagnetic field has a varyinng frequency. The

i nductor coil may have el ectromagnetic field with

varid ethb® THEY FrtBeIC Borbhiad é:r\ﬁﬂlté}{eoﬁg&eaﬁﬁlﬁﬁ%”@ﬁg or more
effects are electro-nmagnetically inducéd int

ex'StW&ttEeratm?WeteFmﬂ’é??oW bgatRly have el ectromagnetic
f| eld with varying polarity. The system may further .
nprise nmeans of achieving two or npre treatnent

ef?r@ci'%qqeﬁcﬁfﬁﬂﬂf Mgy bedaiwenn 1 kHgrand 0tz consi st i ng
of controlling scale formation, controlling bacteria
growth, and form ng magnetite to prevent corrosion.

THg BERPrGANGeeWithnat Serance aRPPStsel e Mirseatniawention, there is
prowH@G epkpdtemh forl tedtiting( Wiler Gsind gbbﬁ&hagﬁ%ﬂc @M the system

onprise a bridge-type circuit and
Comni@tnga@ar*nﬂ@%or ik fassubineting fee a\raf%ruﬁoﬂh@felf@qii@rrmgr\e@.e field; a

driveH Ohit co@led RIPEIi8GudoPEdF ahlitaYcdtirol&t @it 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.

The inductor coil may have 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 system may further comprise means of achieving 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).



Oxi de Sem conductor Field Effect Transistors

( MOSFETs). The system may further conprise a power

source for providing supply voltages to conponents

of the device. } The controller unit nmay conprise 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 coils may be

formed on a surface of a pipe, container or

r e5% VHIVET Upemiay derimbpiise: & Ibéldﬁﬁ;imfé it ikednds fen balkbridge
actuhtoe)gd. pe, container or reservoir is |ocated _

substantially inside the coil or adjacent the coi

The inductor coils may be fornmed on a separate

cartid efidgs-fypet drRitf Artndi Res alnit Adl 3oRPrisd é"pﬂﬁahty of Metal
contai ner or_reservoir. The inductor coil nay havée

Oxidg SemiGopRugeidtsld Effee WangistarsuMQSHgT9)r equency  rangi ng
between 1 kHz and 500 kHz. BRI EF DESCRI PTI ON OF THE
DRAW NGS Enbodi nents of the invention will be better
unti SYB6E SRRy FEHHEr| SPNARARE énPOVED SIMECRH O PERVidinG Supply

voltagléé. td cdripditiPbitné bebEhe fol lowing witten
escription, by way of exanple only, and in

conjunction with the drawings, in which: 6 Fi gure 1

| STHe S6RPSTRE imitdnad dMptisedl diaBiliAll aldu@NcdipyH beRledh the

- water treatnent device using el ectronmagnetic waves In
powe( soutceANddhe sRBlEPlRE #itof t he present i nvention.
Figures 2a to 2d show four different vari ati ons of an-

el_ectromagneti c i nductor  coil in an exanp o
ent5diPoMel  TFUreeampY dyevidei AYelnpubrsigmAl gtspr éhea driyes unit for -

geneﬁéiia:ﬂf@tthédmmgéfghaldl agram of the electrical
i npl enentation of the device according to an exanple

enbodi ment of the present invention. Figure 4 is a

CiTHelUiddugior WoRd rﬁfag{%%t frhiedPbnt AesitRet bf @bipe, container or
resewg;?l ement ati on- of the |

The inductor coils may be formed such that the pipe, container or reservoir is

located substantially inside the coil or adjacent the coil

The inductor coils may be formed on a separate carrier structure for disposal

adjacent a pipe, container or reservoir.

The inductor coil may have electromagnetic field with varying frequency
ranging between 1 kHz and 500 kHz.

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:
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devi ce according to an exanpl e enbodi nent of the
present invention. Figure 5is a circuit diagram of
details of the electrical inplenmentation of the
devi ce according to an exanpl e enbodi nent of the
present invention. Figure 6 shows a flow chart
illustrating a nmethod of w& er treat ment usi ng an
el ectromagnetic field according to an exanple

enbietid e a sERINbEEDGRPRBE B likdhtioH N8y okt io$ aaNater treatment

schemati c di agram of an |nstallat|on | ayou
devige, using PE‘-&F&E%B“%%\W%@%@ AY el ?o‘?fﬁé‘h‘@ﬁeét Whag present
inventidnan exanpl e enbodi nent. The device 100 conprises a
descal er unit 102, a pipe 104 and an el ectronagnetic
i nductor coil 106. The . descaler unit 102 is
COH‘@UQ@; dDtot itﬁsl%ve FoUrQimareRt vAiatioas 6f Sh ekRirombdRetic inductor
i s wound arou gE%he p| e 104. The descal er
cm“ﬂﬂmeﬁHﬁW%@ﬁ@Pg ?”%”Maves according to
requi renents set by the user in the exanple
m%odl nt. The electronagnetlc field is -
ge QP% § APEhFRAG et $réﬁh@fr1té‘?|eée‘it‘iﬁ%ﬂ5<’f’f'8'ien@6‘ gtion of the
deviddiccoldigy Waintdxahipld ERBb@Menf éfake plesertliviumtiomt 0 a
fluid inlet 108 of the pipe 104 and out froma fluid
~outlet 110 of the pipe 104. The water is subjected

t omghre £ geirsuio Hidghemealfeletdir e gne bicttridat irfleMRAtaEbA &f the
hin.the el ectromagnetl c inductor coil 106 when it

de"'?q %‘%ﬁé’“’t"?ﬂ G AGERPIPHROAME™ 7He° PRFERIgN NN 7

el ectromagneti c i nductor coil 106. The treated water

that flows through the pipe 10 be rec:lrculate '

b 'Quﬁrg a ﬂ&'rﬁ‘n"ég%ﬁm o%pﬁﬁgﬁ;mpiqqrml ipplemgniagpn of the
devidd@dcotdi®y toaineixahfpldembb@meRtof Y preeénthieatiér 1 ow

t hrough the electromagnetic inductor coil 106 in

di fferent enbodinents. Sinmilarly, the pipe 104 may'

nqt.?m@\ésg sh?afa ﬂava@tﬁm ||Il|ﬂsfrélfhgeé Wtﬁwr&?wgtétr ﬁre'taﬂ?(ﬁ'ﬁtl@rng an
ol her | W ppreci ate a e
e'ectw&taéane%ﬁ?'%ecw@as toyan,exqnapig e 5@’ B‘H@”@\at er is within

the influence of the electromagnetic field generated

r nent el ement according to an exanple

DETE%F-’F&%R*PTP% her words, the shape of the -

treatnent el enment is not I|m'ted to a coil wound

armgile RisPh Reherhbifc biagRIRN N ShSERAbN GABUE ofl a WRter treatment

formed as a separate component and
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 éccording 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
electromagnetic inductor coil 106 when it flows through the pipe and thus through the
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be pl aced adjacent the pipes, containers or
reservoirs containing the water in exanple
enbodi ments. The treatnent el enent can al so be forned
on the surfaces of the pipes, containers and
reservoirs. Figures 2a to 2d show four different
configurations of treatnent el enents 200a, 200b,
200c and 200d in the exanpl e enbodi nents. The
electtrcﬁreagriéﬁdﬂMd&d:telfmﬂtmﬁmfiéatreal@ﬂ)hater 200w thradfitha bfpe 104 may
be %ﬂ'@ ! g garate carrier ﬁctures 202a, 202b,
resyodatad by 'mgfﬁ§ﬁg@ﬁV§¥P? @%carrier structures
202a 202b, 202c and 202d can be placed adjacent the
rs eservoirs containing.t ter
RS el 5t 2R Sl e S Gekedh S e Bavet sy owh i Gl e
eiectarmegneﬂ@rnwg%tbnscr:]dllmw(lﬁnﬁl;]eﬁemlﬂmﬁf dhliﬁéiﬁs Slimlalfby Qﬂiﬁﬁﬁo&eﬂm may
n re t ha sha t he car cture
not e B e 1 g, AP RAGE T S b S mather iy wit be

appreciatell ¢t titewaiar carebe &éma tablleéhg2dithe twiatdreis vﬂdhﬁﬁ%h@ ifffuence of
on.irr e

 the el BSFa B adialnRErSe B Reoting e en example

embddientr i ng back to Fi gure 1, the diameter of the pipe
104 may range e.g. from 0.5 to 20 inches or greater
in the exanpl e enbodi nent. The nunber of turns of the
el laadthep Wrgds theCshape Lt thi trminlentlélémbﬁt il @oelimitétd a coil wound

di th t fl t h th . Th
arouftf 5 Plek: Tk rentist AEMETden ahao B 75,8 SEpAPISLGIPogEt and

‘be plaesd adjagmt trreopip@s kohtainkes onamseness (:&)tainfhgt the v@té\fmle&ample

ver, the t .current
embAG RSt o PP P A0 B (e 0B 07 SHERGES Of he pipes
contamdre dhdeservoirhie pi pe 104 f or wi ndi ng the '
el ectromagnetic inductor coil 106 is not limted to
t he shape as shown in Figure 1. The pipe 104 may be

i rFiguresiabes 20fshdwfff)@fcﬁm’éreﬁtl‘wmﬂguraw@bfaﬁedtl(ﬁéﬁldelements 2004,
tricangl e or ther sui [

200, SR 1y B R B S B 2006

200cdindgZ00m € pldted &lresdparaiaicairieplseuntest 2024, 1202$ heo2c and 202d

exanpl-e enbodi t. The devic 0 [ ota -
resp Rl | ey AR ATECluiss 2025, Ak PORS G POS85an 5 peced Sijacent
the p'Epleﬁ CohirRg£1 ot icSeMAYE cEAIRING titd wald oRfRAmaa on the surfaces of the
i nduct or, ‘coi |l ,308 Both the voltage

. t ti
pipes, ?'r'?fg?aﬂﬁ?%ﬁ%?\fo"memf? REbRHEER onagnet i ¢ wave

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 imregular surfaces or to be formed on iregular 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 electromagnetic inductor coil 106 may range from 0.1 to 10
amperes (A) in the example embodiments. However, the exact current is dependen{ on

the actual requirements.
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generator 306 are connected to a vol tage supply of

V.. The voltage V. is supplied fromthe adjustable
on/ of f power supply (not shown) which is connected
to the main power source (not shown). The voltage V.
may be set at a value ranging from above 36 to 48V in
t he exanpl e enbodi nent . Thé vol tage stabilizing unit
302 converts the voltage V. to a stable 5V direct
‘'voltage in order to provide a stable working power

supp cont r.ol [t 304 i he exanp| e .

en@og?énég?r}‘aeerh%m %?{WB# n‘h‘ﬁi Fi'p%cﬁﬁqi é"r p‘P"HaV‘anW&b?'sc%Eﬁgneﬂc
indugionehiic®s it hotdinitad tolthe sli;]@eaé§sﬁol<wn ih hFengb eC tThe FRg Ml hay be
I tor, 306 in, the ex e epbodi nent, The
in = G BEARE AL natas, it an D FethetiRE SobAf iaog g any other
suitableeshepett suitrdifiprettiuses.nduct or  coil 308 and provi des

the el ectromagnetic signal output to the

el ectromagnetic inductor coil 308. The operation of
t hisigarevs cehowis b bloek béiagiast ofbibe  electiebl itpledidntatichhin the

e to, FLgures.4 and 5. Figure 4 shows_ the .
exartylt SAiBSSrify T (ice EdMpdies ol BolacH REDARG U302,
contrahunit B84.cam teleitrammadnebitAvive pbreraianPice apabadielBfbmagnetic
. ablLilizing.unit . conpri ses. a .
induckP o306 Hoth the Bpldde”Stially Lnip o850 e, RERiSmnanats wave
geneGtpr 3@ areacmhnactlidoden Witage supplg cfxanpl e enbodi ment,

one end of the resistors Rl4 is connected in |ine
with the supply voltage V. and is connected to the V;
., Theovoltagle Vheisvelppige Bombine adiust@ble ofldf paRacsLPBly (not

sronft ol GG SR o o S e .

may be eetcairneaioe carfyirigirem dbbee 95'to 49UTih tied ekdapis AnitR@Rnent. The

t abi.). . . nd ground. In the ex I nbodi nment ,
voltat BB i P Wi oo Ve et &Y, igkoRage in order
to praéde redtablel aorkivg phiner mUPplyi toettrn domey Alriity 804 Gh @he Axample

en(ijlode D1 are connected to the V'"t port and the
., port of the voltage stabilizer (b respectively.
The control unit 304 conprises a programmable chip

r esi. st or ,. R9. R10 nd 1, .and capacitors_ C6
artecFH BhE 0% n i eo BueiRene Pretos iPamiest sonas to
the ehéipilgnetica widver aetepatdie c30801i0ghd nekaniI&Ll dirdégiment. The
electr%n'la%het-w %a\\‘gdgé)n(grgto?fmgrig ro%rr{ggtgheto the electromagnetic inductor
coil 308 and provides the electromagnetic signal output to the electromagnetic

emb

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 ém-bodime_nt. The voltage
stablilizing unit 302 comprises a voltage stabilizer Q5, a resistor R14, capacitors C8, C9,
C12 and a diode D1.

' In the example embddimeht‘, 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 Vi, port of the voltage stabilizer Q5 and
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chip U3 of the control unit 304 is connected to the
V'"t port of the voltage stabilizing unit 302, for
provi sion of the direct voltage of 5V in the exanple
enbodi ment. The capacitor C6 is connected between
GP5 port of the programmabl e chip U3 and ground. The
capacitor C7 is connected Set ween the GP4 port of the
progranmmabl e chip U3 and. ground. The resistor Rl
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U3 of the control unit 304 is programed to control
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progemaatie oiip8B36 i n  t he exanpl e enbodi ment. The three
signals A, B and C received at ports A, B, and C
respectively are coupled to two programmabl e chips Ul
anQutpt signdldé, & end Coamegerepled tothe elegomngheatic WO generator
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control the frequency of the signal fed into the electromagnetic inductor coil 308 (Flgure
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 electromagnetié 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
half-bridge driver chips IR21094. Port A is coupled to the "in" post of programmable chip
U2 and port B is coupled to the "in" port of programmable chip U2 in the example



and U2 are not in operation. The progranmable chip Ul

is coupled to MOSFETs QL and 02 while the _

progranmabl e chip U2 is coupled to MOSFETs @B and 4

in the exanpl e enbodi nent. \Wen the control signal A

is high, an activation signal is output fromthe HO

port of the progranmable dRip U2 to activate the

MOSFET B3, while no activati on signal is output from
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are active, V. is applied across the electromgnetic

i nductor coil 308 between e.g. points 500 and 502,
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from the control unit 304 (Figure 4).

The electromagnetic wave generator 306 furthér comprises an indicato;' 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 306 is‘ operating. A filter circuit comprising capacitors
. €3, C5, C13, C14is coupled to the V line and short circuit protection resistors R12 and

R13 are further provided in the examplé embodiment.



between different frequency values or ranges over a
given tine period. For exanple, the frequency val ue
or range with the nost desirable effect in a given
environment is allocated with a proportionally
| onger tine. Other frequency ranges or val ues may be
allocated tine in- order of1§esirability of the
associ ated effects. This can ensure high efficiency,
m Example smbediekhCcoiSthangresettuimeeritioneiag adtmpriak i tBB. following
featExarrﬁ)le enbodi nents of the present invention may be
Al 8M9 ANER95Sand able to sol ve multiple problens.

In order to obtain the desired water treatnent

effects, the .inmportant factor is the program set in
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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 formétion,
formation of magnetite on the intemal 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 6ther
problems. For example, ineffective removal of algae, and scale deposits may result in

the growth of hacteria.

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 to have a



root nean square current value of 2 Ato 5 Ain the
exanpl e enbodi nent. The desired current may be

vari ed by nodi fying the di nensions of the inductor
coil and the nunmber of turns in the inductor coil

It will be appreciated by a_person skilled in the art
that the exanple enbodi ment'é  of the pr esent
invention may not be limted to be used for solving
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cells. This may be especially useful as the frequency
range of each species has yet to been di scovered.
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target the many forns of bacteria. Further, exanple
enbodi ment f the present invention may contrgl )
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bacteria even _t hough C
examal%s?rpé?}ﬁmﬁgtﬁ] W exaple iephodipents n¥ay bé 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 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 chemcals to

achi eve bacteria control when the exanpl e enbodi nents.
are used. Conpared with using biocides which tend to
produce biocide-resistant strains, exanple

enbodi nents of the present invention can work at the
prelimnary |evel of contrdBling bacteria growh
rather than nerely killing bacteria, The exanple
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- applications that need to prevent dirt accunul ation,
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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 co_ntrgl. scélé"farm'at‘ion by
increasing the ability of the water to dissoive 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



Exanpl e enbodi nents 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 nay cause the
formation of |arger water clusters which can hold a
greater anmount of particle§4and'ions The formation
of larger water clusters nay be 14 achieved by a
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contai ns hardness. The exanpl e enbodi nents nay be
able to affect the way particles formstructures at
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able fo k:II algae and further prevent its growth under controlled conditions.

Example embodiments of the present invention may be designed to be used
alone or combined with other methods in the éxample 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 together with an example embodlment to improve bacteria and
aigae control. Further, example embodiments may also be used together Wlth filtering
systems designed to remove suspended solids that are of high levels in certain

applications and under certain environmental conditions. The standard method of



al one or conmbined with other nethods in the exanple
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conpl ementary use of other devices for further _
enhancing treatnent effects. For exanple, copper and
silver electrodes for electro-chemcal treatnent can
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 evengingn cRncifs e fenddp afieet e R ARFeR! oA geaiment

devicesli TRO lcBndifsnsUFRIUdBMRR TRt liFmeditbi tAe Seibbrtlrt fo%ﬂe?atlon
af fect the performance of t¥a| cal water treatnen

-espegjally; waler tefperatyrey the FA_UNt vt hagees detgsted ibthe) wsﬁ%?rt, g flow of

the watet Bfob@BRY @ zélbﬁh Qhd GRE B | ANthe ﬁ&@scmlsbé/clﬁ@ttﬁé example
e ampunt of hardness detected in the

t enper at ur e,

emb n%}ts may baye 69!#%# adveRiRoRE PR tYRicR) MGter tieatrasd deviresd
the pH of the water. In specific, the exanple :
enbodi nents may have added advantages oqver ty

WAtoE tYRiIGah MatRr e adaontdayices hatipsp sagnghic Belds, rtgﬁtr pRued field
stren§B\th&E£Be bbRincdS8sa mﬂﬁgb Qenfal@h @cads@%b%rﬁ@gf ibh&tfough

t th b bt
the OB REBS B S INEVBR, exemBIeraEARENS Rb I, RreSAGHIERton may no
need ftd: R afttain FOWRMRIM FRWAERY Paf WRREWER RIS stfic bR tﬂfdﬁe%em fact, the

invention may not need to maintain a mninumflo
longes, the retgntige .t!we\/@ﬂ the yyafsr, the greater thgjeffeplyefithe elelcﬁomaar@etlc field
subjetes to tHe@Rer. t he retention tine of the water, the
greater the effect of the el ectromagnetic field
subjected to the water. Exanpl e enbodi nents of the

PIEREABle ér’ﬂM@diHeﬁfé S¥ade PRoseAPIOM@dniay BE ifaHVEd by ifSeasing
capacit e device. Wth the increased capacit

the capagiyof éfﬂe ﬁewﬁ%rwah thr iricERased RRpagly. Aetlialles Aumber of devices
may I:L@Feﬁ@rrécﬁﬁ:lr fbr}f)@@bélé fdfRies '9\ FRMEER AurBERS deVike S R4Y F8uire less

require less
synchronlzatlon 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 fo use different treatment methods in one system. The example embodiments may
€.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 {o ascertain_the treatment effects. This can be cost effective and hassle-free.



synchroni zation. There may be better and nore precise
control of the devices. Inproper synchronization may
result in a counteractive result on the

el ectromagnetic field strength. Exanple enbodi nents
of the present invention may be suitable for use
within a range of facilitf®s, including different
subsystens within a sanme facility which avoids the

Ther8 @R disd bSRsE Frfe&t?érﬁ Breearoﬁadgm@fexarﬁbte%doﬁmaﬂg may be able to
system The exanpl e enbodi nents ma . be used for

ha“dleh% highes eansepitatiop £& disgpived golidsi resefing E’oﬁ d’@ﬁ@é‘?e gheperational

costebqﬂuhﬁér trférealsqytﬁat @moa&rgaﬁlﬁ%nadi%mﬁda[ﬁedlsc@é?é&' With the water and
nbodi nents_of présent invention ma%/gre quire

no aqigARRL PN h@gnwredﬁaﬁr&ﬁé%r%ﬂtteat bafewr 't v fishpeged into e.g. a
Sewetrégi:,ag effects. This can be cost effective and
hassl'e-free. 16 There may al'so be | ess frequent
bl eed-of f as the exanpl e enbodi nents nay be able to

hardihe LaSfAMte ereRsdERaty & itha REeseit devsnjiery rady ibgscapable of

aIIoMr@SétLaﬁé Béhttol fit WRES ARSQ ﬁ&&h QRRIe3S 19MRklierc®flidtion Index (LSI)
Further, there is little no organi c and chem cal s

Whlc'alsﬁﬁﬁ‘i“@%tﬂ’"\ﬂffh? t?Ffée%PE'ihedYﬁﬂer tAEOTERAAMS onal costs -
wll be incurred to treat the effluent before it is

di sehldedbbdiinens- o the%re&ﬁiﬁfv@ﬁﬁorﬁﬁﬁé? anmow taaltdng natlon of use
exanp Ie enbodi nent s of cEresent i nventi on may

of chegigal. CCAmIcal Fa5i At bich! SE6Res9) addiNeRePed Wil Thelr use

furthdH ikt ¥t &Rt frnb aNaRE] %S%étmﬁﬁélb@ FesuR G¢ihckdadbd 1abour costs. It
' ch is_an indication the tendency of the water

whi
is a'"i"&?t f%?%@&@@'%&ﬂﬁ@@t afinsagsaahere ime bgsaysedse fimits may be

excebdBPAid BR SHRKsAhbPWol BE Bptifbi. 'Blc!'é:.‘?ﬂe'sQﬂﬂzcﬁfaisu’(?rémlrﬁz]C and chlorine
chem cal s. Chem cal costs are eci '

) and s
have g hea F‘m Rerrer) existing Wﬁ%ﬂ"rtrﬁ%@e’%f%"t%ér Ii)T‘?ﬁ‘:-’r gigsharmful and

expefR&vd. worab@r%élchem&eev@brﬁé SRry §Sibky dn@ HVer Base ddded
| abour costs. It is alnost inpossible to place too-

reguigitat a dosage at one tinme because the linits may be
exceeded and the effects nay not be optinal. Biocides

such as bronmine and chlorine have to be added in :
sdremPle semhedimgpisr of r &8 negeee JvEBHON THIEY e Nt erequire  the

electloffaghitic ﬁﬂ@cto?’%ﬁﬁ%' b‘@ in '\@ife%ﬂ"b%ﬁt»actt hehetheh@alefalrte example
evaporate very quickly and have to be added

embadirpelits pliqy e@/a platighiydusiither ‘éﬂCf‘%’ﬁ@S ;§P$§e nt

i nvention may not require the

To achieve increased effects, it may not be necessary to increase the size of the
device of example embodiments of the present invention propbrtionally. 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 Vaéhieve a similar field strength. In comparison, the

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



el ectromagnetic inductor coil to be in direct contact
wth the water. The exanple enbodinents all ow easy
installation, which further decreases costs. j To
achi eve increased effects, it may not be necessary. to
i ncrease the size of the device of exanple
enbodi nents of the present 17nvention proportlonally
Unli ke the device of exanple enbodi nents, permanent
”aﬂﬂeéx%rrﬁﬁéqgér#lfod &t 9GtCHheS| l%ger‘ltn:n%r?lﬁ)h {2s t8& rl@ttﬁJilers for
the require leld strengt I'n many cases,
conteglling $t‘@169rpéafnlgly terneqaré@seaﬂ harg tsealef whigh shavlg kaviel beafpformed
subslta?'l'tgﬁy $8 ol Rl o m@@@ﬁeﬁ#g rgomefsehéetsl PdRovBLft vl Wdibserved

exanp I ment I nati on of

that fayerscolameterpaysisry eoqthe [weradgmpsian thedntern sudagss afthe tubes
- whedt E}?e B&%ﬁ’@ fvgﬁgoﬁérﬁahqoﬁﬂsgéﬁﬁﬁ Thla gértéeéfeco'aﬁnd%e\!rvélle%nn?edlately

need rge-size na ner at e

eas”ﬁﬂ@’ﬁ@‘t’@‘twﬂh @FQﬂfI'ﬁhﬂQn@‘ttg% bater taheFeITé*tﬁ prioved tf@umﬂ gcale formed
was Wbtt ﬁbr@ aM& ﬂo@hgé‘es@ﬁ’é@@ 'iechﬁﬁﬁ]@% ?éq‘%lr@d fRHIRY %aféclieHogal such as

to achieve a sim leld stren
hlghmﬁﬁafq jsbwashing scekbrﬁeloreweﬁdwwwﬁbﬁtr@ngrw ea{\mesmﬂme the
iron musneabpsed P a%@eye%eﬂﬁgmn'mt fhkh- tol(YOS;ﬁJ?n SHAWER then
odi ment o resent 1 nvention was tested In

Conseéﬁnﬂémsalmtemeéehbs%?hanrﬁ)gO@@m e. At high tenperatures,

hard scal e which shoul d have been forned

substantially, was not found at the high tenperature

sufneibers exappleog@bodimentaf the Juesand invaidipn | waketested in sites
susc@ﬁﬂ@tmwgnﬁbhe?éﬁ}é s 53 F&Bﬁﬁ%n@@d tdeedpthe Eﬁﬂne%s level at

surfaces™ o e tubes . lers were opene

100ppgat to; mgwgmemqscam@rmag@ g‘ hisf implied theg $hemaemum allowable total
dlssdl\maegdllﬁg \bél F Elfyon‘ﬁ LZ[e] cfﬁg 494300 6rﬁeF éqH@niﬂ tgl@ecpt)fftly?eqwred

ler tu prove hat t e scal'e or med
with ﬁ@ﬁtlnﬂaﬁegh@wm |r%su||ir@g im et yvateitlesseschive gxriBpPle eqmodment can

allow RE t&@f&‘ss%%'d%oﬁ&”@gée tosbkﬁ Hlaﬁﬁameﬂ g db@ﬁﬁl%tgoﬁgbt.%h% and thus

washi ng, scrubbin Ing Wwth strohg aci
decr‘?ﬂ‘ﬁe"gstaﬁ@eledrﬁéffatehe iron levels dropped from 6. 30ppm

to 1.19ppm and then to 0.03ppm and were then

consi stently maintained at | ess than 0.01 ppm

Ardrataer @l embadimenheihe presenbinyertinarias testedifoiospntrolling
Legldﬁ@ﬁa tb%%feﬁg e %b&%ﬁablé Bf b%‘é@rié & mcﬁﬁn{gﬁlggtg rt?ag)gr cfulml.

I ps . Was rec ep the eve
The a}samme@mhﬂdtr@erﬁrk@eemthm@wel ef acteripowithin thsnacceptable level. The

ievel'ﬂé%@%lfa%&e&&ﬁsw %%Pﬂ@@h@est gkérle ardi E%Q:Iagggwhereby

evel ranges Oppm re
the ngpews obfthird paftr@thowd thﬁt heemnelta wgsne:tt mﬂtegt@d; at all Before

install .ﬁ%‘ﬁ‘\é bREMbIE GhEHImYR e 1RSSR teribNEURK FZR! £/0000 cfuim!. After
enbodl nent’ can

installation, the total bacteria count drops to 3760 cfu/ml and the lowest bacteria count
measured is 260 cfu/ml. '

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



allow the total dissolved solids levels to be

mai ntai ned at 1 000ppm consi stently and thus
decreasing the bleed off rate. Another exanple

enbodi ment of the present invention was tested for
controlling Legionella bacteria. The acceptable

| evel of bacteria is reconfénded to be 10cfu/m. The
exanple enbodi ment keeps the | evel of bacteria,

exan‘cl}b! Jdnﬁerﬁ%ﬁma?@ FedtRAL. res%hs? .hea@én@fwéasgb&nséﬂea with
et ect

edls 1 In nost instances. There are
Cher@P%iéfeéﬁ'ﬁ%WﬁBﬁ@lb;ﬁsuit%”ﬁf@%\aﬂ%rs@f algper d parties
showed that Legionella was not detected at all.
Before installing the exanple enbodi ment, the total
batreherexan i emggdlmgbg‘dhgfwsﬁnt inkeRtign was tested for corrosion

| contl‘oﬂsééﬂtrloﬂbf edrodidif chPba! arBRSES Usg ARE Mvel BPFoh %@7&@/@]8 For

and the | owest bacteria count neasured 26 :
exanwlfa/ ﬁH WAﬁdieEéfﬁf')é%Bﬁ*ﬁla@eérrﬁbdfF‘{%F Gitot BE fredeppoling tower

enviroR¥@AL TAR Hé’ﬁ)%dtlﬁ?k@i@nﬁr%r cAPfo8bR | cfrosih &ﬁﬁ b@rvﬂ%éhe@'@ high

enhanC|n ects of the tOXICIty of he silver

acidifyrjevels [E}QEPFOPBWSQQOG coplel 08 FFF a%@@s@é‘et@“%ﬁvﬁs gendygéed for

the swaam heNRAJITRRL dGATY *{’é‘sttHée& el ie‘zx@rﬁﬁl@eém@ﬂ&ment Periodic

| ver el ectrode system The use, of exanp
'nsp%ﬁﬁ'@fd WeE Earped QUE & obwarye they erngitioss | qﬁ th@ ll?@ﬂ%mt% pnésteam

drunvifiSegaa¥td @R sRABRAS Bndithd peDERToR &K s&41€ IrABfién.
There were also clear differences in the coating

formed on walls in a cooling tower environnent, with.
t hanofiser exaBRls embedidantaiithe Prseinantion aasiesied for controﬂmg

bactér%%j%bﬁdh%d'c%rrﬁb@ﬁnﬁfmdéw ||r$a %Qﬂiﬁ’gifo%r \éh\hfbnn%'ﬂ@fﬁe%ttom of the

treat ment which sti’l resulted 1n th ayers of
coolipg dewer WA AL Pe e%@&ﬁﬁ'%arb(nﬁaEl R (e ﬂe_eab AEweRt of corrosion

prodilé!é( Wﬁhb%téﬁﬂhkﬁ%% it ﬁfudﬁp IAhQfdnQBvel &P !38!3[% wa@orﬂéééﬂred and

corr03|on can be anal yse u3|ng the | evel s of
the neéqﬂsh' Sty colpgy of R awpee MusHoGRsresuly of &rgwcmsmnakeﬁéa The

corrcBlon! YBESs ?ecﬂmﬁe 1S BIIpEQ fo Be P&}PhdelTrdg@¥Rly due to serious leakage
envi ronnent . d in preventing corrosion as

problege Bamirioeting & @wagrmlsambwlmegwn 3EROPHNG {PWeE pBYIEPIMmeNt, the
murkFQn‘iat&r Rhmef cigpod rﬁﬁ’é'ht fo%r %fveis@felbﬁl ﬁ&ﬁj cﬁ%ﬁpﬁl'af?ﬁhmed at less

esting was conducted for he pH he i1ron levels

than §(8pRG Showsithet theretina @@mﬁwé it phsmw%ﬁt & same time,

the bb&%ﬁ§6&urﬁ Qfop )6@5 ﬁoﬁﬂsgdo@%f&w toliGssARSE SO DRIL.
conditions of the boiler water and steam druns*w th

regards to corrosion control and the prevention of

Scm&hér%xgﬁfpleognbm%ﬁ?& the ??@e?lt m%mﬁs t&ted B solving a
present invention was teste or control
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 e'mbodi'rn'ent 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 cooling towers were still in good operating conditions. Periodic

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



bacteria growth and corrosion. Typically, in a
coiling tower environnent the bottomof the cooling
tower nay not be seen clearly. This isdue to the
great amount of corrosion products in the water,
whi ch made it nurky. An |r8§ | evel of 38ppm was
measured and the reddish own col our of the water
nmust be a result of high corrosion |evels. The
corrastoTy oRiuatngp Mhb| tetas baderi camt s ani;cpesmtax Herdepeasedf 1000

: frequent | 0 serlo | e obl eps. ring
crumlo 80K e oot Eainiirs Ssoar . THR GBI Hatrbhoprample
embedimienomag sdlve trhlmp[mmblklymw €. heodling toveadnvirdnmieh
| oner level of total iron content maintained at |ess
than 0. 08ppm shows that there is a decreased anount

of Assthéositapiple Anbolitnentokthel present tirentieie Was it@et@thtﬂi:how that

from 9000 cful/. to Ie s t han, 1000cf u
cont] SPRSSerid AL G A iEYed & IR rUeng, Bl 5kt to
30kHm 8\ Hettet admfoobf Bédteria@oﬁh dati rﬂ@e;cheﬁ/e@ using e iréduenof Fange of

: ile nd co t ower t systens W thi, h
150Q5 SRR Iy GOAF thiihe ot B FreSiRbt Tangh of ko 14skrz
showmnhatdhe Bgarahe\mﬁbo@ﬁméht 9iae m:tapﬁtﬂél@f dg&e@ilng theadroge r8te of the
bact ?(9 gg dssol\é\e&ﬁf wer e ntaggf

ac “rﬂag f""&)%log ¢t FoBEERH ! ’atcr?é'“ 'St%?tef ied By dieexample
embaodiment aszvafontdawu WitBppm2.Fheinerenns ialwatef itfebted by other water
tree‘,[corroslh On the other hand, in a cooling tower
R0, ﬂ%%tthe exanpl e .enbodi nent mai ntai ned simlar

- readi ngs of pH averaged at an estimted | evel -of 8§,
rs we

L gh di t t. th t d
artshlene Wi P8 pidke BbSierSate Ol Bhrt inae was o
greatbhglr@ﬁﬂ?(tjﬂel Bsctehﬂe:ourttohalv?tdr s:eaiewe?y ttﬁfleréﬁplbee/r?bﬁmment as
1 N e concentr ot a ve
compigip SRl ate hedtad S5 SR vaer dbafmey s JBe cbsrcentage

decr@selv&asutﬂogadpbmmsaéadng 30%ndi tions. Perl odic
readings of iron levels of |less than 0.1lppm showed

that there was no significant 19 corrosion
ooﬂvwﬂﬁérrkg(am'ﬂifem%dihehﬁ@ﬁtﬁéimemu ntveMﬂﬁh ab$ @eé@:pio s?ﬁow that

avera e evel of 1000 cfulm hest
the (G888 fydng e st vien ey e pTntec SHED 105 ke example
embcﬁiﬂjimil P&Et@h -foTaydesRlaye imthet baﬁkﬁlapdrfldlht aftiér irdat@®edt byathe example
ol i,ng tower environ t ot her, e e
embeifiveiaies. BESVSI R i (RSt Pateas T o Thdecrease. The
untregiedtwaibr Sfmplaciwiral goati 6 tﬁé@:fbrhewaﬁ:hlrémﬁieb)ét hlgh levels and

e fre cy range of Hz to
the SRR otetrin LSS SR LTS GRraiR e e |k [ @ipbtjor bacteria
consigtentng t he frequency range of 150kHz to 385kHz. In
addition, the use of the frequency range of 4.7kHz to
145kHz _
Another example embodiment of the present invention was tested to show that

the frequency range of 5kHz to 150kHz was useful for controlling bacteria growth. The
same frend 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



showed that the exanpl e enbodi mrent was capabl e of

decreasing the gromh rate of the bacteria. There is

only a 9% increase in bacteria count in water treated

by the exanple enbodinent as conpared with a 12.5%

Increase in water treated Eg ot her water 'treatnent

nmet hods. Subsequently, whefi*t he bacter.i a undergoes

the death phase, there was a greater drop in the
obseb@ﬂt 'Elﬁls imglied Atpdssiblalb ey oﬂrﬁ&tﬂttﬁdf thy bhdteri salsplitich may prevent

ar ed r treated
ts lofpaon PR e pSibr e i har B AEAaiS et bt gty to
survitevand ﬁiuﬂitply(iO%drmetad)b@éwé@%reﬂm_etrﬂnﬂﬁtlcﬁxmcfbéla species after
t r esent nti on was test.e

the vEflg s SbiecRarto e BEG A thf B eRarihof & S HRNAg. This may
be aBigalio pmaht&é[ﬂh@ﬁbrv\bﬂthb bmtemesa)e@fes.t he exanpl e

enbodi nent. A ten-fold decrease in the bacteria count

after treatnment by the exanple enbodinent was

obBﬂrmﬁd enﬂ;cghmantk%tﬁe@r@am mv&aﬂ@ad-sa@f bé heed iB% varlety of

decrease, The wat er sa VO d gro
PPl dsR, pEing. il ot BHHE-ion PetooRs gl b EhsftesFl as the
pestleu@emantﬁa(ttaﬂmgsesbcmm ulsotely, tilhege xaogdseing MixetbrigeNthoapithl and
ower IeveI s of bacteria consistently. Another

ShoPB‘ngﬁ & enbodi nent of the present invention was
tested to show that the frequency range of 5kHz to

150k Hz S us uI for lin rowt h. .
THAUE g0y ishtng & et Wefe HifoPtgsing an
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elect g ??{%erﬁsrﬁsﬁ?rngo c{&eﬁgy Curling flagella and
|ncreased clunplng of bacteria ceIIs mere 20

ﬁéervgd Th|s | lied a §$ f nobility o
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Exanpl e enbodi nents of the present invention may be
used in a variety of applications including, but not
limted to, process plants of industries such as the
pestici de manufacturing sectors, hotels, inage
processing factories, hospital and shopping malls.
Figure 6 shows a f1 ow char 21600 illustrating a nethod
of water treatnent using an electronagnetic field in
CLAIMS exanpl e enbodi ment. At step 602, the water is
subjected to the electromagnetic field generated
utilising an inductor coil. At step 604, a frequency
1. of A meihvdnersigminl Water tdthg BHUSIEEFoBAGheticS idal HRH method
hat the, generated electromagnetic field has a

such
comprsing e §ieRY/BEncy. 1t will be appreciated by a person.

skéudjestingntiehevaet tbé Ak SoRSAHGNMA Hidld YRRera?dtf/Ullising an
ind ntodl f.l.catl ons may be nade to the present invention as
IndugiRBGR 2RIt he specific enbodiments without departing
f rexryingea SﬁqUéhC)Dbf%Caﬁ\ﬁ?gfsi 2@ foMiRNiNdUBtAR Scdil QaM Hat the
detsgrl b?d. The _Eresent enbodi rpants are, therefore, to
genqrated gleqtipmagnsfip figld hasa Yri¥ing H&IuepeY-i | | ustrati ve and
not restrictive. 21 CLAIMS 1. A nethod for treating
er using an el ectromagpetic field, .the nmethod . )
2. colti re asaErhi A b gy ety FeruStat erine griving signal
for tied BRIUCRTRGN GE iveribl &ludh aRaEidt 66 mdré Iticaiti@nBsifects are electro-
or. coil; and varying a frequency of a driving :

I nduet
mag'%‘?qlfﬁg‘f'“F’UFe‘?Hbthreﬁ’&?}E{*or coil such that the generated
- electromagnetic field has a varying frequency. 2. The
: hod as clained in claim], erein the frequency .
3. ortingeliod i RingHn AR 106 5 MIREEBr NG HIpel amagnetic field
has &/edrying polardtyt hat two or nore treatnent effects are

el ectro- magnetically induced in the water. 3. The
nmethod as clained in clains | or 2, wherein the

4. elHEd metRENa blainhé®iranyhéte af Maind Ndo BOWABKIY theftwol BEmore
¢ trret{wo& as C‘la?l med i n any on? of clains 1 to 3, i
reatpent. effects jelafe, to ane o, giore of a group consisting of controlling scale
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5. The method as claimed in any one of claims 1 to 4, further comprising

simultaneously applying one or more existing treatment techniques to the water.

6. The method as claimed in any one of claims 1 to 5, wherein the frequency
range is between 1 kHz and 500 kHz. '

7. A system for treating water using an. eiécfromagneiic field, the system
comprising:

an inductor coil forsubjecting the water to the electromaghetic 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.
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(MOSFETS).

14. The system as claimed in any one of claims 7 to 13, further comprising a

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

15.  The system as claimed claim 14, wherein the controller unit comprises a
stabilizer circuit coupled between the power source and the controller unit.

16. Th_e system as claimed in clams 13 to 14, wherein the power source

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

17. The system as claimed in any one of claims 7 to 16, wherein the inductor

coils are being formed on a surface of a pipe, container or reservoir.
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